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     Plate 3.2     Dosimetry differences based on clinical target volume (CTV) margins.  
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     Plate 3.1     Pathology image demonstrating rosette formation.  
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     Plate 4.1     Medulloblastoma histopathological 
variants. a, The classic medulloblastoma consists of 
uniform densely packed cells with round nuclei 
( × 400). b, The desmoplastic/nodular 
medulloblastoma contains nodules of neurocytic 
cells and internodular desmoplastic regions of more 
pleomorphic cells with polyhedral nuclei ( × 40). 
c, Pleomorphic nuclei molded to one another in a 
paving - stone pattern and abundant mitotic fi gures 
characterize the anaplastic variant ( × 120). 
d, Such cells are also seen in the large cell 
medulloblastoma, which also contain groups of 
large cells with a single nuceolus ( × 120). All 
hematoxylin  &  eosin.  (Pictures courtesy of Dr David 
Ellison, MD, PhD.)   

a b

c d

     Plate 9.1     Histologic and immunophenotypical 
analysis of pediatric non - Hodgkin lymphoma. a, 
Burkitt ’ s lymphoma: a low - power view of a lymph 
node involved by Burkitt ’ s lymphoma demonstrating 
numerous tangible body macrophages conferring the 
 ‘ starry sky appearance ’  ( × 50, hematoxylin  &  eosin 
stain). b, High - power view of the same specimen as 
(a). A vesicular chromatin and a relatively 
monomorphic pattern is evident. Burkitt lymphoma 
cells have a scant cytoplasm and prominent nucleoli 
( × 600, hematoxylin  &  eosin stain). c, Anaplastic 
large cell lymphoma (ALCL): classic variant of 
anaplastic large - cell lymphoma with numerous large 
tumor cells including multinucleated and wreath - like 
forms ( × 400, hematoxylin  &  eosin stain). d, ALCL: 
classic pattern of anaplastic lymphoma kinase (ALK) 
staining of an ALCL with a t(2; 5) containing tumor 
with nuclear and cytoplasmic staining ( × 20, 
anti - ALK immunohostochemical stain). e, Precursor 
T - lymphoblastic lymphoma. Lymph node is 
completely infi ltrated by blast cells with minimal 
cytoplasm, inconspicuous nucleoli and fi ne 
chromatin ( × 400, hematoxylin  &  eosin stain). f, 
Precursor T - lymphoblastic lymphoma. The panel 
shows diffuse effacement of lymph node architecture 
by an infi ltrate of blast cells with minimal cytoplasm 
and typical intense staining with anti - TdT antibody 
( × 400, anti - TdT immunohistochemical stain).  
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     Plate 12.1     Undifferentiated neuroblastoma.  
     Plate 12.2     Differentiating neuroblastoma.  

     Plate 12.3     Ganglioneuroblastoma (intermixed).       Plate 12.4     Ganglioneuroma.  

     Plate 17.1     Neonatal sacrococcygeal teratoma (Altman Type I).  



     Plate 18.1     Retinoblastoma as visualized by retinography (a – e) and indirect ophthalmoscopy (f) as examples of the ABC Grouping System for retinoblastoma.  The Figure 
designations denote the equivalent description from the ABD Grouping System .  
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1

   Scope and  a ims 

 The aim of this textbook is to provide the reader with a focused 
but comprehensive overview of the clinical and scientifi c princi-
ples that guide current treatments for childhood cancer. For this 
purpose, the book is divided into four sections, namely central 
nervous system tumors, hematological malignancies, non - central 
nervous system (CNS) solid tumors of childhood, and a fi nal 
section which covers psycho - social support, palliative care and 
survivorship issues. 

 For each of the disease specifi c chapters, our aim is to present 
the reader with information that is visually distinctive and should 
allow easy access to key factual information that relates to the 
epidemiology, presentation, diagnosis, treatment, and prognosis 
for individual categories of childhood malignancy, along with a 
brief overview given of the history of therapeutic developments 
for any given disease type. To facilitate this, the paragraphs will 
contain regular bullet points to highlight the presentation of key 
factual information, tables and fact boxes which we hope will 
enable any reader to quickly pick out important information in 
relation to the disease type they are interested in. 

 Progress for the treatment of children ’ s cancers has tradition-
ally involved advances at the scientifi c interface such as the rec-
ognition of the importance of chromosomal abnormalities, 
oncogene amplifi cation and aberrations of tumor suppressor 
gene functions. In more recent times, advances in our under-
standing of the cellular biological characteristics of cancers is 
leading towards new insights that can enable a more rational 
treatment stratifi cation and is also leading towards the develop-
ment of specifi c and targeted therapies. Therefore, each of the 
disease - specifi c chapters will focus on an integration of the sci-
entifi c and clinical principles that guide the treatment for these 
individual cancer types, and introduce the reader to advances in 
the fi eld that are at the level of the clinical interface. Therefore, 

in order to help orientate the reader with the scientifi c informa-
tion that is incorporated into individual chapters in the rest of 
the text book, the aim of this introduction is to help defi ne those 
key scientifi c principles that pertain to the contemporary man-
agement of children with cancer, and which are currently inform-
ing novel therapies that are now close to or actually at the clinical 
interface. 

 For the descriptions that will be presented below, our aim is 
not to provide an exhaustive text and reference resource for the 
reader, but really to highlight the key terms and scientifi c princi-
ples that will serve as a glossary for the main body of the text book 
to follow, and which will involve referencing against contempo-
rary textbooks and review articles that act as a starting point for 
further reading.  

  The  e pidemiology of  c hildhood  c ancer 

 When compared with the adult population, cancer in children is 
rare and comprises less than 1% of the national cancer burdens 
of industrialized countries  [1] . Moreover, whereas most adult 
cancers are carcinomas, the cancers that occur in childhood are 
histologically very diverse and comprise  [2] : 
   •      Leukemia, myeloproliferative diseases and myelodysplastic 
diseases.  
   •      Lymphomas and reticuloendothelial neoplasms.  
   •      CNS tumors.  
   •      Neuroblastoma and other peripheral nervous cell tumors.  
   •      Retinoblastoma.  
   •      Renal tumors.  
   •      Hepatic tumors.  
   •      Malignant bone tumors.  
   •      Soft tissue and other extra osseous sarcomas.  
   •      Germ cell tumors, trophoblastic tumors, and neoplasms of 
the gonads.  
   •      Other malignant epithelial neoplasms and malignant 
melanoma.  
   •      Other unspecifi ed malignant neoplasms.    

  1 Introduction  

  Edward J.     Estlin 1    ,    Richard J.     Gilbertson 2     and    Robert F.     Wynn 3   
   1    Department of Pediatric Oncology, Royal Manchester Children ’ s Hospital, Manchester, UK   ,     2    Departments of Developmental 
Neurobiology and Oncology, St Jude Children ’ s Research Hospital, Memphis, TN, USA and        3    Blood and Marrow Transplant 
Unit, Royal Manchester Children ’ s Hospital, Manchester, UK       
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most children with adrenocortical carcinoma and about 10% of 
children with rhabdomyosarcoma.  
   •      Infection  –  associated with Epstein - Barr virus (Hodgkin ’ s 
lymphoma  &  nasopharyngeal carcinoma), hepatitis B (hepatocel-
lular carcinoma) and Human Herpes Virus 8 (Kaposi sarcoma), 
a phenomenon that at least in part explains some of the world -
 wide differences for the incidence rates of these diseases.  
   •      Although the subject of extensive investigation, the infl uence 
of other environmental factors such as ultraviolet light, electro-
magnetic fi elds is uncertain, although the Chernobyl nuclear dis-
aster has seen an associated increase in thyroid cancer in children 
of the affected geographical region.       

  Genetics in  r elation to  c hildren ’ s  c ancers 

 The study and investigation of the genetics of children ’ s cancers 
has led to important advances in the understanding of the epide-
miology and causation of certain malignancies such as retinoblas-
toma; the recognition of karyotypic abnormalities provides a vital 
part of the diagnosis and risk stratifi cation for therapy of many 
children ’ s cancers. Some examples are described as follows: 
   •      Philadelphia chromosome, which represents translocation 
between chromosomes 9 and 22 [t(9;22)], confers an adverse 
prognosis when this is associated with the diagnosis of acute 
lymphoblastic leukemia in children  [3] .  
   •      Other translocations such as the translocation involving chro-
mosomes 11 and 22 [t(11;22)] can help defi ne disease entities 
such as Ewing ’ s tumor and malignant peripheral neuroectoder-
mal tumor from their differential diagnoses  [4] .  
   •      Chromosome losses from 1p and 11q and gain of chromo-
somal material for 17q for neuroblastoma are associated with an 
adverse outcome for this cancer type  [5] .    

 The chromosomal translocations described for acute lym-
phoblastic leukemia (ALL) and Ewing ’ s tumor above promote 
the malignant phenotype of these cancers. For example, the 
Ewing ’ s tumor gene translocation results in an oncogenic tran-
scription factor, EWS - Fli - 1, and the Philadelphia translocation 
results in production of a constitutively active receptor kinase, 
bcr - abl, which has infl uences on proliferation, cell cycle control, 

 Thus, for children, carcinomas are rare, and the majority of 
cancers present as acute leukemia, lymphoma (non - Hodgkin ’ s 
lymphoma, Hodgkin ’ s disease), sarcoma (osteogenic sarcoma, 
rhabdomyosarcoma), germ cell tumor and embryonal malignan-
cies (neuroblastoma, nephroblastoma, medulloblastoma, hepa-
toblastoma). Embryonic tumors, which are thought to arise 
during intra - uterine or early post - natal development from an 
organ rudiment or immature tissue, and form structures that are 
characteristic of the affected part of the body, are rare in adults. 

 The age - standardized incidence of all cancers in children under 
the age of 15 years is between 70 and 160 per million children per 
year, corresponding to a risk of 1 in 100 to 1 in 400, and an annual 
worldwide incidence of approximately 160   000 new cases per year 
 [2] . The epidemiology of childhood cancers is characterized by 
 [1, 2] : 
   •      The incidence is highest in the fi rst 5 years of life, reaches a 
nadir at 9 – 10 years of age and then rises thereafter.  
   •      Boys are affected more than girls.  
   •      While total incidence rates vary only modestly between world 
regions, there is more marked variation for diagnostic subgroups. 
For example, among children of North America and Europe, 
acute leukemia forms the largest diagnostic sub - group, account-
ing for one - third of the total number of cases, with a lower 
incidence seen for sub - Saharan Africa, where lymphomas pre-
dominate as the most frequent childhood cancer.  
   •      Within geographical regions, there are indications that racial 
infl uences may form a part in the susceptibility of children to 
cancer. For example, whereas in the USA, the incidence rates for 
acute lymphoblastic leukemia are highest for children of Hispanic 
origin, and lower for those of Afro - American ethnicity, the inci-
dence of Wilms ’  tumor is lowest for this latter ethnic group.  
   •      Brain and spinal cord tumors are second only to leukemia in 
industrialized countries, where they account for 20 – 25% of child-
hood cancer. The lower recorded incidence in developed coun-
tries may represent under diagnosis.  
   •      Neuroblastoma and nephroblastoma have a fairly constant 
incidence rate worldwide.  
   •      Environmental infl uences play a part in the variations of the 
incidence rate for individual cancers types found worldwide.  
   •      Embryonal tumors and common acute lymphoblastic leu-
kemia tend to affect younger children, osteogenic sarcoma and 
Hodgkin ’ s disease are more a diagnosis of adolescence, and rhab-
domyosarcoma has bi - modal peaks with both younger children 
and adolescents being affected.    

 However, for the great majority ( > 95%) of cases of childhood 
cancer the causation is unknown, but those factors that are 
known to increase the risk of childhood are indicated in Box  1.1 , 
and can be generally categorized as: 
   •      Genetic causes  –  The largest contributions here come from 
heritable retinoblastoma, neurofi bromatosis type 1 (NF1), tuber-
ous sclerosis and the Li - Fraumeni syndrome. For example, chil-
dren with NF1 have a relative risk for glioma and soft tissue 
sarcoma of 40, and germline mutations of the tumor suppressor 
gene TP53 (Li - Fraumeni genetic abnormality) are present in 

  Box 1.1    The epidemiology of childhood cancer. 

        •      Genetic causes  –  retinoblastoma, neurofi bromatosis type 1, 
tuberous sclerosis, Li - Fraumeni cancer family syndrome  

   •      Constitutional chromosomal disorders  –  Down ’ s syndrome, 
Turners syndrome  

   •      Inherited immunodefi ciency and bone marrow failure 
syndromes  

   •      Irradiation  

   •      Infection     
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suppressor genes are lost, such as the tumor suppressor gene 
NF1, and ras oncogenes can be activated by point mutations to 
be constitutively activated  [8] . 

 The biological characteristics of cancers are also infl uenced by 
their environment. For example, tissue hypoxia is known to con-
tribute to the pathogenesis and maintenance of the malignant 
phenotype, and interaction between the physicochemical proper-
ties of cancers and biological systems that control cellular prolif-
eration, migration, and survival is now increasingly well 
understood. As a particular example of this, the vascular endothe-
lial growth factor family of ligands and receptors are modulated 
by hypoxia, and has now been extensively studied for both chil-
dren ’ s and adult malignancies. This in turn is bringing forward 
the rational introduction of novel mechanism - based therapies 
that aim to disrupt specifi c processes important for the pathogen-
esis of cancer  [9] , rather than attempting to cause cancer cell 
death by non - specifi c DNA damage as in the case of most con-
ventional cytotoxic agents as will be discussed below.  

  Cell  c ycle  c ontrol 
 Cell cycle progression is monitored by surveillance mechanisms, 
or cell cycles checkpoints, that ensure that initiation of a later 
event is coupled with the completion of an early cell cycles event. 
Dysregulation of the progression of cells through the cell cycles 
is also a feature of malignant cells, and defects in certain mol-
ecules such as p53, the retinoblastoma protein (pRb) and cyclin 
kinase inhibitors (e.g. p15, p16, p21) that control the cell cycle 
have been implicated in cancer formation and progression  [10] . 
Virtually all human tumors degregulate either the retinoblast-
oma (pRb/p16(INK4a)/cyclin D1) and/or p53 (p14 (ARF)/mdm2/
p53) control pathways  [10] . 

 One of the most studied control systems in cancer involves 
p53, otherwise known as protein 53, a transcription factor that 
regulates the cell cycle, and hence functions as a tumor suppres-
sor  [11] . 
   •      p53 has many anti - cancer mechanisms in that it can activate 
DNA repair proteins when DNA has sustained damage, it can 
hold the cell cycle at the G1/S regulation point upon DNA damage 
recognition, and it can initiate apoptosis if the DNA damage 
proves to be irreparable  [11] .  
   •      In normal cells, p53 is usually inactive, bound to the protein 
MDM2, which prevents its action and promotes its degradation 
by acting as a ubiquitin ligase. Upon DNA damage or other stress, 
various pathways will lead to the association of P53 and the 
MDM2 complex  [12] .    

 Once activated, P53 will either induce cell cycle arrest to allow 
repair and survival of the cell or apoptosis to discard the damaged 
cell. How p53 makes this choice is currently unknown. 

 If the p53 gene is damaged, then tumor suppression is severely 
impaired. People who inherit only one functional copy of the p53 
gene, TP53, are at risk of developing tumors in early adulthood, 
a disease known as the Li - Fraumeni cancer family syndrome. 
Indeed, more than 50% of human tumors contain a mutation or 
deletion of the TP53 gene  [2] . The occurrence of retinoblastoma 

and cell death. The recognition of the links between the genetics 
of cancer and subsequent cellular biological functions are leading 
to advances in therapy with mechanism - based compounds, such 
as imatinib in the case of bcr - abl positive leukemia  [3] .  

  Cellular and  m olecular  b iology in  r elation to 
 c hildren ’ s  c ancers  (Box  1.2 )  

  Receptor  k inases and  i ntracellular  s ignalling     
 Although underlying genetic abnormalities such as loss of tumor 
suppressor function and gain of oncogenic gene activity may 
underlie the pathogenesis of individual cancers in children, 
science is now bringing us insights into the processes that are 
important as biological determinants of the malignant phenotype 
in cancer cells. For example, extracellular growth factor/cytokines 
or mitogens can bind to receptors on the cell surface that are 
linked to receptor kinases, or these cell surface receptors can be 
constitutively active  [6] . Such ligand/receptor interactions can 
lead to: 
   •      The activation of intercellular signalling pathways such as Akt/
PI3, mTOR and MAP kinases, which in turn leads to:  
   •      The dysregulation of various cellular activities such as gene 
expression, mitosis, differentiation, cell survival/apoptosis and 
motility, and invasiveness.    

 Moreover, genetic mutations can also lead to dysregulation of 
intracellular signalling, as in the example of loss of the inhibitory 
effect of PTEN function on Akt/PI3 signalling by gene deletion 
 [7] , or the loss of tumor suppressor gene function by gene pro-
moter methylation as in the example of Ras - association domain 
family 1. Proteins in the ras family are very important molecular 
switches for a wide variety of signal pathways that control such 
processes as cellular skeletal integrity, proliferation, cell adhe-
sion, apoctosis   and migration. Ras - related proteins are often 
deregulated in cancers, leading to increased invasion and metas-
tases, and decreased apoctosis. Ras activates a number of path-
ways, but especially an important one seems to be the mitogen - 
activated protein kinases, which themselves transmit signals 
downstream to other protein kinases and gene - regulatory pro-
teins. Inappropriate activation of the gene can occur when tumor 

  Box 1.2    Cancer biology and immunology. 

        •      Loss of tumor suppressor function or amplifi cation of 
oncogenic function promotes malignant phenotype  

   •      Dysregulation of cellular signalling  

   •      Deregulation of cell cycle control  

   •      Disordered proliferation, metastases and survival  

   •      Knowledge informing treatment stratifi cations and novel 
therapies  

   •      Immunological properties exploited in diagnosis and therapy.     
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  The  g eneral  p rinciples of  p harmacology in 
 r elation to  c hildhood  c ancer 

 Radiotherapy continues to form an important part of the treat-
ment of many childhood cancers, and this will be discussed 
further in the subsequent disease - specifi c chapters of this text-
book. The cornerstone for the treatment of many cancers of 
childhood remains conventional chemotherapy agents, and a 
summary of these is presented below. Although a detailed descrip-
tion of the properties of anticancer agents in terms of their phar-
macokinetic profi les, and a description of the cellular and 
molecular pharmacological processes that can limit or potentiate 
their effectiveness in cancer cells, is beyond the scope of this 
chapter, the reader is referred to the excellent reference text by 
Chabner and Longo for further information  [18] . Basically, con-
ventional chemotherapy agents usually act to promote DNA 
damage in all cells of the body, and the cure for cancer thus relies 
on there being a therapeutic index allowing eradication of the 
tumor at acceptable toxicity to the patient. The conventional 
cytotoxic agents commonly employed in the therapy of children ’ s 
cancer include the following classes of agent: 
   •      Alkylating agents that cross - link DNA  –  examples include ifos-
famide, cyclophosphamide, cisplatin, carboplatin, busulphan, 
melphalan, and temozolomide.  
   •      Anti - metabolites that cause fraudulent incorporation of bases 
into DNA  –  examples include methotrexate, 6 - mercaptopurine 
and cytarabine.  
   •      Anti - tumor antibiotics that have variety of actions such as 
free radical formation, DNA intercalation, topoisomerase II 
inhibition  –  examples include doxorubicin, daunorubicin and 
actinomycin - D.  
   •      Topoisomerase inhibitors that prevent normal conduct of DNA 
relaxation to facilitate repair and replication  –  examples include 
etoposide (topoisomerase II inhibitor) and topotecan and iri-
notecan (topoisomerase I inhibitor).  
   •      Vinca alkyloids that promote microtubular instability and 
inhibit the polymerization of tubulin  –  examples include vincris-
tine and vinorelbine.  
   •      Miscellaneous agents  –  examples include prednisone, dexam-
ethasone and L - asparaginase.    

 The science of pharmacology has contributed to the progress 
of the cure of children ’ s cancers over the years, and also the 
pharmacokinetic profi les (how the drug is handled by the body) 
and pharmacodynamic effects (the effect the drug has on the 
body) remains important for the rational selection of treatment 
schedules for existing and novel therapies. These concepts have 
been extensively studied, mainly in relation to acute lymphoblas-
tic leukemia, and in particular in an elegant series of studies 
performed at St Jude Children ’ s Research Hospital in Memphis, 
USA. 

 When considering the pharmacological properties of antican-
cer agents, the plasma concentration - versus - time profi le is 
important as this allows a measurement of peak, maximum, or 

serves as a paradigm for the effects of loss of the tumor suppressor 
function of pRb, and this will be discussed in Chapter  18    of the 
textbook.  

  Cancer  b iology and  r isk  s tratifi cation 
 Advances in our understanding of the biology of childhood 
cancer are providing new insights into prognosis and will serve 
to underpin rational approaches to the stratifi cation of treat-
ments. For example, whereas an adverse prognosis for childhood 
medulloblastoma is found to relate to the growth factor receptor 
erb - b2 expression  [13] , nuclear accumulation of beta - catenin is 
associated with the activation of the Wnt/Wg signalling pathway 
and a more favorable prognosis  [14] . This information may allow 
a staged reduction in the radiotherapy burden for the treatment 
of medulloblastoma, and also promote the development of spe-
cifi c mechanism - base therapies  [15] .   

  Cancer  i mmunology 

 Knowledge of the immunology of childhood cancer is important 
for the diagnosis of childhood leukemias and can also be exploited 
for the therapy of childhood cancers. For example, the cluster of 
differentiation (CD nomenclature) has been developed to char-
acterize the monoclonal antibodies that have been generated 
against epitopes on the surface molecules of leucocytes. 
   •      The CD system is commonly used as cell markers; this allows 
cells to be defi ned based on what molecules are present on their 
surface.  
   •      CD molecules are utilized in cell sorting using various methods, 
including fl ow cytometry, and can be used for the recognition of 
stem cells (CD34+, CD31 − ): all leukocyte groups, (CD45+): T 
lymphocytes, (CD3+) and B leukocytes, (CD19+).    

 The immune system can also be utilized to direct therapy 
against the cancers themselves. For example, dendritic cell - based 
immunotherapy utilizes dendritic cells, which are antigen - pre-
senting cells that are harvested from patients to activate a cyto-
toxic response towards an antigen. Briefl y, the dendritic cells are 
harvested from patients, these cells are then either incubated with 
an antigen or infected with a viral vector, and the activated den-
dritic cells are then transfused back into the patient. These cells 
then present the tumor - associated antigens to the effector lym-
phocytes, namely CD4+ T - cells and CD8+ T - cells, and some 
classes of B lymphocyte also. A similar procedure exists for T 
cell - based adoptive immunotherapy, which sees T - cells that have 
a natural or genetically - engineered reactivity to a patient ’ s cancer 
expanded  in vitro  and than adoptively transferred into the cancer 
patient  [16] . 

 In the situation of bone marrow transplantation, in particular 
in the case of allogeneic bone marrow transplantation, a balance 
is sought between rejection of the transplanted graft, eventual 
immune tolerance of the graft and maintenance of a controlled 
degree of graft versus host disease in order to maximize anti -
 leukemic effect  [17] .  
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study to assess the safety, tolerability, pharmacokinetics, and 
pharmacodynamics of the agent.  
   •      These studies are usually dose - ranging and involve escalation 
of cohorts of patients, and children who have no other hope of 
cure or signifi cant palliation are eligible for such studies, which 
are designed to describe dose limit and toxicities that prevent 
further dose escalation and thereby establish the maximum - 
tolerated dose to take forward for Phase II study.    

 Once the initial safety of this new drug is confi rmed in the 
Phase I trial, Phase II trials are performed, usually in children 
with relapsed disease, to assess how well the drug works at the 
prescribed dose and schedule. Such studies involve an initial 
cohort of patients to determine that some clinical activity could 
be expected and Phase II trials in pediatric oncology usually 
follow a two - stage design, which allows early termination of 
studies if the effi cacy level is too low or is adequately high, and 
in general objective response rates of 20 – 30% are deemed as 
interesting enough to take a new agent forward. 

 Phase III trials are the staple activity of the national and inter-
national study groups in pediatric oncology. Phase III trials 
compare the effectiveness of an experimental therapy with that 
of a standard or control therapy and are only feasible in a col-
laborative group or multicenter setting. Phase III clinical trials 
usually include a randomization between treatment times and are 
commonly based on sequential or factorial designs, and generally 
require the recruitment of hundreds of children with a given 
disease type in order to answer questions of statistically signifi -
cant differences between different treatments.  

  Summary 

 The treatment of children with cancer in the western industrial-
ized world has been long held as a model for multicenter 
collaborations involving a wider multidisciplinary team. Over the 
past 40 years, the survival for many children ’ s cancers has 
improved markedly, and the overall survival rates are now in the 
area of 75 – 80%. However, diseases such as diffuse intrinsic 

steady - state drug concentrations, the half - life of decline of drug 
concentration, measures of system exposure, and the volume of 
distribution found. Pharmacological studies also defi ne the routes 
of elimination and metabolism of chemotherapeutic agents  [18] . 

 When studied, pharmacological parameters have generally 
been shown to be important for the prognosis of childhood 
cancers. For example, the dose intensity (amount of chemother-
apy received over a period of time) of chemotherapy agents has 
been shown to be important for diseases as diverse as infant 
ependymoma  [19]  and acute lymphoblastic leukemia  [20] . The 
clinical pharmacological studies performed at St Jude ’ s Children ’ s 
Research Hospital with methotrexate, in the context of the treat-
ment of acute lymphoblastic leukemia, serve as a paradigm for 
the investigation of the relationship between pharmacokinetics, 
cellular pharmacology, and the cellular determinants of chemo-
sensitivity and prognosis. 
   •      Over a series of studies performed in the 1980s up to the present 
day, successive investigations have demonstrated the importance 
of high - dose methotrexate steady - state concentration and sys-
temic exposure, and also the relationships of these to the optimal 
intracellular metabolism of methotrexate in leukemic blasts for 
children with ALL. They have led to therapeutic strategies that 
have improved survival for children with this disease  [20] .  
   •      Similar fi ndings for dose intensity and systemic exposure have 
been described for the metronomic/maintenance chemotherapy 
phase of treatment of childhood ALL, where the infl uence of 
genetic polymorphisms that related to the metabolism of this 
thiopurine agent have been related to factors such as toxicity and 
survival  [21] .    

 Pharmacological studies are an essential part of the structure 
of Phase I studies and also, in many cases, Phase 2 studies where 
relationships between the pharmacokinetic profi les of new agents 
and pharmacodynamic effects, such as toxicity and disease 
response, could be identifi ed at as early a stage as possible in order 
to inform rational scheduling, and even in some cases, adaptive 
dosing.  

  The  c onduct of  c linical  s tudies in  c hildren with 
 c ancer  (Box  1.3 )  

     At a national and increasingly international level, the various 
phases of clinical trials in children with cancer are conducted as 
multicenter or even multinational collaborations  [22] . New drug 
development is performed through the auspices of multicenter 
collaborations, such as the Innovative Therapies for Children ’ s 
Cancers in Europe, or the Children ’ s Oncology Group Early 
Clinical Studies Committee or the Pediatric Brain Tumor 
Consortium in North America. International guidelines have 
been established for the prioritization of new agents and also for 
the methodological considerations involved in Phase I trials. 
   •      Upon completion of developmental   pre - clinical studies in 
adults and children, which would include effi cacy, toxicity, and 
pharmacokinetic information, a new drug can enter a Phase I 

  Box 1.3    Key facts  –  clinical trials and pharmacology 
in childhood cancer. 

        •      International collaborations are now the norm  

   •      Phase I studies defi ne the safe dose to take forward for phase 
II studies of effi cacy  

   •      Phase III trials compare fi rst - line treatments  

   •      Pharmacokinetic and pharmacodynamic studies now 
embedded in phase I/II trial process  

   •      Pharmacogenetics, dose intensity, pharmacokinetics and 
cellular pharmacology guides the rational use of 
chemotherapy agents     
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pontine glioma, metastatic sarcoma in adolescence, and high - risk 
neuroblastoma are still associated with a poor prognosis and new 
therapies will be needed to improve this for the future. 

 The early clinical trial study groups for Europe and North 
America are increasingly working with the pharmaceutical indus-
try to develop new compounds of interest. A major challenge 
ahead will be to prioritize their introduction into upfront treat-
ment protocols for high risk diseases and to design study meth-
odologies that optimize the scientifi c information gained for each 
clinical trial. In addition, our discipline has traditionally held a 
strong interest in the late physical and psychological effects of the 
treatment of children ’ s cancer, and this also will be important as 
new therapies are introduced and perhaps more children survive, 
but maybe in diffi cult circumstances following treatment with 
modalities such as cranial radiotherapy. Having introduced the 
scientifi c terminologies that the reader may encounter in the 
various disease - specifi c chapters of this textbook, we hope that 
the integration of the clinical and scientifi c principles that follow 
for the different tumor types will refl ect our practice in terms of 
where we have come from, where we are at present, and where 
we might be going for the future.  
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   Introduction 

 Gliomas account for more than half of childhood central nervous 
system neoplasms  [4, 5] . On a regional basis, they comprise at 
least 60% of supratentorial hemispheric tumors, 50% of supraten-
torial midline tumors and 40% of infratentorial tumors. The 
majority of such lesions are World Health Organization Grade I 
or II (i.e. low - grade) astrocytomas  [4, 5]  or other low - grade glial 
and glioneuronal neoplasms, such as oligodendrogliomas, oli-
goastrocytomas, gangliogliomas, and a number of less common 
lesions, such as pleomorphic xanthoastrocytoma, dysembryo-
plastic neuroepithelial tumor, and desmoplastic infantile gangli-
oglioma  [6 – 11] . In contrast to the situation in adults, grade III 
or IV (i.e. high - grade or malignant) gliomas account for a minor-
ity of glial neoplasms in children in all locations within the neu-
raxis, with the notable exception of the brainstem, in which 
so - called diffuse malignant gliomas are substantially more fre-
quent than lower grade lesions  [3] . Given the diversity in the 
types of gliomas that arise in children, there are a wide range of 
therapeutic approaches, based both on histology and tumor loca-
tion, and a correspondingly diverse profi le of outcomes, incor-
porating the prognostically most favorable (e.g. cerebral and 
cerebellar pilocytic astrocytoma) and least favorable (e.g. diffuse 
brainstem glioma) tumor subtypes in pediatric neuro - oncology.  

  Epidemiology 

 For the vast majority of gliomas, contributory environmental or 
genetic factors have yet to be elucidated. However, there are a 
handful of genetic syndromes that predispose children to the 
development of gliomas. The most common of these is type 1 
neurofi bromatosis (NF1), which is caused by inactivation of the 
neurofi bromin gene on chromosome 17q11.2  [12]  that encodes 

a protein with GTPase - activating properties, loss of which 
may promote G - protein - mediated signaling  [13] . Although the 
most characteristic intracranial tumors in children with NF1 are 
low - grade visual pathway gliomas, many patients develop glial 
neoplasms in other locations, which can occasionally be malig-
nant  [14] . 

 A second genetic syndrome that predisposes to glial tumor 
development is tuberous sclerosis (TS). This syndrome has been 
linked to mutations in another member of the GTPase - activating 
protein family  [15] , loss of which promotes downstream signal-
ing via the mTOR pathway. Subependymal giant cell astrocyto-
mas are the characteristic intracranial neoplasm in patients with 
TS; conversely, these tumors are seen almost exclusively in 
patients with this syndrome. Affected children characteristically 
have seizures, mental retardation, and adenoma sebaceum in 
addition to non - neoplastic cortical and subependymal tubers, 
and various systemic manifestations. 

 Other, much less common, syndromes that have been associ-
ated with an increased incidence of gliomas are Turcot ’ s and 
Li - Fraumeni. The former is associated with mutations in the 
mismatch repair or adenomatosis polyposis genes and affected 
patients typically have multiple intestinal polyps  [16] . Affected 
patients generally have malignant gliomas or primitive neuroec-
todermal tumors (PNETs)  [17] . The latter is associated with 
mutations in the p53 gene  [18] , and affected patients can have 
neoplasms in a variety of systemic locations.  

  Histopathology  c lassifi cation  (Box  2.1 )  

     Low - grade gliomas can be broadly separated into distinct histo-
logical groups, based on their microscopic appearance and pre-
sumed cell of origin  [6] . These are: (1) astrocytic tumors, 
including pilocytic and non - pilocytic astrocytoma, pleomorphic 
xanthoastrocytoma, and subependymal giant cell astrocytoma; 
(2) oligodendroglial tumors; (3) mixed gliomas; and (4) benign 
neuroepithelial tumors, such as ganglioglioma, desmoplastic 
infantile ganglioglioma, and dysembryoplastic neuroepithelial 
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 The categorization of other types of glial tumors is somewhat 
more straightforward, particularly in the appropriate clinical 
setting. Pilocytic astrocytomas characteristically have areas of 
compact bipolar astrocytes alternating with loosely packed areas 
containing microcysts. Eosinophilic granular bodies and 
Rosenthal fi bers are also commonly observed. 

 Pleomorphic xanthoastrocytomas contain cells with nuclear 
atypia, pleomorphism and multinucleation with abundant lipid -
 rich cells and pronounced reticulin reactivity. Most lesions arise 
in the temporal or parietal lobes and often incorporate an under-
lying cyst. Some of these tumors also exhibit more malignant 
features with pronounced mitosis, necrosis, and endothelial pro-
liferation  [26, 27] . 

 Subependymal giant cell astrocytomas almost exclusively occur 
in the setting of tuberous sclerosis in the region of the foramen 
of Monro. These tumors are comprised of large cells resembling 
astrocytes with immunoreactivity for both glial and neuronal 
markers  [6, 28] . 

 Oligodendroglial tumors are composed of spherical cells with 
a  ‘ fried egg ’  appearance, resulting from hyperchromatic nuclei 
and pale cytoplasm surrounded by a well - defi ned plasma mem-
brane. Some lesions include a major astrocytic component, and 
are classifi ed as mixed oligoastrocytomas. Oligodendroglial 
tumors can exhibit features of anaplasia with mitoses, necrosis, 
and vascular proliferation, and such cases are referred to as ana-
plastic oligodendroglioma or oligoastrocytoma. 

 Gangliogliomas are classifi ed as benign neuroglial tumors, and 
exhibit binucleated neurons in a background of neoplastic astro-
cytes  [29] . Desmoplastic infantile ganglioglioma is characterized 
by the young age of affected patients and by the presence of 
a pronounced desmoplastic component that incorporates neo-
plastic astrocytes and neurons  [10, 11] . Finally, dysembryoplastic 
neuroepithelial tumors are cortically based lesions that exhibit a 
characteristic multinodular architecture that incorporates 
neoplastic oligodendrocytes, neurons, and astrocytes, with an 
internodular neuroglial component comprised of neurons that 
appear to be suspended in a background of oligodendroglial cells 
 [6, 9, 30] .  

  Molecular  b iology 

 Although tremendous energy has been directed at unraveling the 
steps in the development of adult astrocytomas, comparatively 
little work has been focused on pediatric tumors, particularly 
lower grade lesions. Although pilocytic astrocytomas have been 
noted to exhibit deletions of chromosome 17q  [31] , the site of 
the neurofi bromin gene that is commonly mutated in patients 
with NF1, an association with neurofi bromin mutations has not 
been confi rmed for most sporadic lesions. More recently, pilo-
cytic astrocytomas have been noted to have characteristic altera-
tions in the BRAF gene, characterized by duplications, activating 
mutations, and translocations to produce a constitutively active 
variant  [1 – 3] . Studies of other pediatric low - grade gliomas have 

tumor. Malignant gliomas are subdivided into anaplastic (grade 
III) astrocytoma, mixed glioma, and oligodendroglioma; and 
glioblastoma multiforme (grade IV). 

 The grading of non - pilocytic astrocytomas has evolved signifi -
cantly over time from the classifi cation scheme of Bailey and 
Cushing  [19] . Kernohan  [20]  proposed a four - tiered classifi cation 
that was further simplifi ed by several groups into a three - tiered 
system  [21] . Because both approaches incorporated a large 
number of subjectively determined features, neither entirely 
resolved diffi culties with tumor categorization. To provide a more 
straightforward classifi cation schema, Daumas - Duport  et al.  pro-
posed a relatively simple grading system based on a limited 
number of histological features  [22] . Lesions were given one point 
for each of the following: nuclear atypia, mitoses, endothelial 
proliferation, and necrosis. Grade 1 lesions had none of these 
characteristics, grade 2 had 1, grade 3 had 2, and grade 4 had 3 or 
4. Because these features often appeared in sequence, grade 2 
tumors were generally characterized by nuclear atypia, grade 3 by 
mitotic activity, and grade 4 by the presence of either necrosis or 
endothelial proliferation. More recently, the revised World Health 
Organization classifi cation guidelines  [6]  have incorporated a 
modifi ed four - tier classifi cation scheme, which has seemed to 
reduce (although not eliminate) the frequency of discordance 
between reviewers examining individual tumor samples  [23 – 25] . 

  Box 2.1    Histological subgroups of low - grade glial 
and glioneuronal tumors of childhood. 

  Low - Grade Astrocytomas 

 Pilocytic 

 Non - pilocytic (fi brillary) 

 Low - Grade Astrocytoma variants: 

 Pilomyxoid astrocytoma 

 Pleomorphic xanthoastrocytoma 

 Subependymal giant cell astrocytoma  

  Low - Grade Oligodendroglial Tumors 

 Oligodendroglioma 

 Mixed oligoastrocytoma  

  Low - Grade Neuroglial Tumors 

 Ganglioglioma 

 Desmoplastic infantile ganglioglioma 

 Dysembryoplastic neuroepithelial tumor  

  Malignant Gliomas 

 Anaplastic astrocytoma 

 Anaplastic mixed glioma 

 Anaplastic oligodendroglioma 

 Anaplastic ganglioglioma 

 Glioblastoma multiforme 

 Gliosarcoma  
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event - free survival after treatment with nitrosoureas  [45, 46]  and 
temozolomide  [47] . Recent studies have identifi ed a comparable 
association in childhood malignant gliomas, in independent 
blinded analyses of two cooperative group cohorts, one involving 
treatment with a nitrosourea and a second involving use of temo-
zolomide  [48, 49] . Because nitrosoureas, such as lomustine, and 
temozolomide have each formed an important element in the 
therapy of malignant gliomas, an evaluation of their combined 
activity in the context of MGMT status is being undertaken in a 
prospective fashion in the recently completed ACNS0423 high -
 grade glioma study, which administers temozolomide in con-
junction with irradiation and lomustine.  

  Clinical  p resentation 

 The mode of presentation of a glioma is infl uenced by the age of 
the child, tumor histology, and the location of the lesion. Tumors 
in infants often manifest with non - localizing signs of increased 
intracranial pressure, such as lethargy, irritability, failure to 
thrive, macrocephaly, and a bulging fontanel  [50, 51] . Tumors in 
older children more commonly present with localizing symptoms 
and signs that suggest the site as well as the histological grade of 
the tumor  [4] . For example, cerebral hemispheric gliomas often 
produce seizures, headaches, and focal neurological defi cits, such 
as hemiparesis. Symptoms generally progress insidiously with 
low - grade tumors, and more rapidly with malignant gliomas. 
Low - grade lesions are more likely than high - grade tumors to 
present with seizures as an isolated fi nding  [4] , whereas high -
 grade gliomas tend to present with headaches and focal neuro-
logical defi cits. Chiasmatic - hypothalamic gliomas often present 
with visual loss, eye movement abnormalities, neuroendocrine 
dysfunction, behavioral and appetite disturbances, and failure to 
thrive. 

 Infratentorial tumors manifest in a variety of ways, depending 
on tumor type. Cerebellar astrocytomas often exhibit a several -
 month, and occasionally several - year, history of ataxia and head-
aches resulting from increased intracranial pressure due to 
obstruction of the fourth ventricle. In contrast, diffuse intrinsic 
brainstem gliomas characteristically manifest with rapidly pro-
gressive cranial neuropathies and long - tract signs, such as hemi-
paresis or quadriparesis.  

  Diagnostic  i nvestigation and  s taging 

 Either computed tomography (CT) or magnetic resonance 
imaging (MRI), performed with and without intravenous con-
trast, may be employed to establish the diagnosis of a brain 
tumor. MRI, if feasible to obtain, better delineates the location 
and anatomical relationships of the tumor, and is preferred in 
most circumstances. For certain types of gliomas, such as diffuse 
intrinsic brainstem glioma  [52]  and chiasmal gliomas in patients 
with NF1  [14] , the MRI appearance is often suffi ciently 

not demonstrated a consistent pattern of genetic abnormalities. 
For example, mutations of the p53 gene are uncommon in low -
 grade pediatric astrocytomas  [32] , in contrast to the situation in 
adult low - grade gliomas  [33] , which suggests that tumors in these 
two age groups arise from different molecular events. 

 Pediatric high - grade gliomas also appear to differ from their 
adult counterparts in terms of their molecular abnormalities. Our 
analysis of three cohorts of childhood malignant gliomas found 
p53 mutations in approximately 40% of tumors, comparable to 
the frequency in adult secondary malignant gliomas, which begin 
as low - grade non - pilocytic lesions, evolve into anaplastic astro-
cytomas, and ultimately become glioblastomas  [33 – 37] . However, 
because this evolution is infrequently observed in pediatric 
gliomas, it is doubtful whether such tumors are analogous to the 
secondary adult subgroup. Moreover, a worse prognosis has been 
noted in childhood malignant gliomas with p53 mutations than 
those without, which contrasts with the lack of such an associa-
tion in adult lesions  [37] . In addition, studies in adult primary 
malignant gliomas indicate that this group of tumors may well 
encompass several molecularly defi ned subsets of lesions, and the 
relevance of these categories to the pediatric context remains to 
be defi ned  [135] . A second molecular pathway in adult gliom-
agenesis involves so - called   ‘ de novo ’   or primary development of 
a glioblastoma, which is characterized by loss of a portion of 
chromosome 10 in and around the region of the  PTEN  gene  [36, 
38] , in association with amplifi cation and/or rearrangement of 
the epidermal growth factor receptor gene, but without mutation 
of the p53 gene  [33, 35] . Recent studies by our group and others 
indicate that  EGFR  amplifi cation and  PTEN  deletion occur in less 
than 10% of pediatric malignant gliomas, suggesting that this 
pathway is less commonly implicated than in adults  [39 – 42] . In 
addition, secondary adult malignant gliomas have also been 
observed to commonly have mutations in the  IDH1  gene, and 
such changes are relatively uncommon in pediatric malignant 
gliomas (1,2), further calling into question the similarities of 
these groups  [136, 137] . A third group of adult malignant gliomas 
arise by a distinct pathway, with characteristic deletions of chro-
mosomes 1p and 19q  [43] . Such tumors typically have oligoden-
droglial morphology, and carry a better prognosis than other 
groups of malignant gliomas  [43] . Although such changes are 
observed in about 20% of childhood gliomas, a favorable associa-
tion between 1p/19q loss and outcome has not been observed 
 [44] . 

 In contrast to the above markers, which indicate molecular 
differences between childhood and adult malignant gliomas, 
other biological factors associated with drug resistance mecha-
nisms have been reported to similarly infl uence prognosis in both 
adult and pediatric malignant gliomas. In particular, several 
studies have noted that the response of malignant gliomas to 
alkylating agents may be strongly infl uenced by expression of 
proteins that contribute to drug resistance, such as methylgua-
nine methyltransferase (MGMT) and mismatch repair (MMR) 
 [45 – 47] . In several independent studies in adults, tumors with 
MGMT overexpression had a signifi cantly worse prognosis for 
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characteristic to establish the diagnosis without the need for 
biopsy confi rmation. For tumors in which a resection has been 
attempted, post - operative imaging provides an objective measure 
of the amount of residual tumor, which is of major prognostic 
signifi cance for several types of childhood glial tumors, guiding 
subsequent therapy. Ideally, such studies should be performed 
within 48 hours of surgery to minimize post - surgical enhance-
ment, which complicates assessment of disease status. Staging 
evaluations are generally not warranted for childhood glial 
tumors, unless the patient manifests symptoms or signs suspi-
cious for tumor dissemination, or suggestions of multifocal 
disease are apparent on the cranial MRI.  

  Treatment and  o utcome  (Box  2.2 )  

  Cerebral  h emispheric  l ow -  g rade  g liomas 
     Surgical resection is typically the initial management approach 
for superfi cially situated low - grade hemispheric gliomas. Pilocytic 
tumors are often well circumscribed and amenable to complete 
removal in most cortical locations (Figure  2.1 a). In comparison, 
non - pilocytic lesions often have less distinct margins and a 
greater tendency to infi ltrate normal brain, and can be challeng-
ing to safely remove in functionally signifi cant cortical regions 

a b

c d

     Figure 2.1     Cerebral hemispheric astrocytomas. 
(a), This superfi cial pilocytic astrocytoma 
incorporated a cyst with a well circumscribed mural 
nodule. (b), The margins of this low - grade 
non - pilocytic astrocytoma are poorly circumscribed 
on T1 - weighted images. (c), The T2 - weighted image 
of this tumor highlights the lesion ’ s infi ltrative 
nature. (d), This malignant glioma demonstrates 
irregular enhancement, signifi cant mass effect, and 
a large area of central necrosis.  

  Box 2.2    Summary of treatment options. 

  Tumors in  w hich  e xtent of  r esection  h as  b een  a ssociated with 
 p rogression -  f ree  s urvival 

 Low - grade cerebral and cerebellar astrocytomas 

 Oligodendrogliomas 

 Subependymal giant cell astrocytoma 

 Glioneuronal tumors 

 Malignant non - brainstem gliomas  

  Tumors in  w hich  c hemotherapy  p lays a  r ole in  m anagement 

 Unresectable/progressive low - grade gliomas and 
oligodendroglial tumors in young children 

 Non - brainstem malignant gliomas  

  Tumors in  w hich  r adiotherapy  p lays a  r ole in  m anagement 

 Unresectable/progressive low - grade gliomas and 
oligodendroglial tumors in older children and selected younger 
children 

 Non - brainstem malignant gliomas 

 Diffuse brainstem gliomas  
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Recent observations in a series of 17 patients indicated that cogni-
tive function was unaffected in all but one patient with a four -
 year follow - up, suggesting that sequelae may be less than with 
conventional irradiation  [63] . A conformal irradiation strategy is 
currently being evaluated in further detail in a cohort of 100 
children in the Children ’ s Oncology Group ACNS0221 study 
for children older than 10 years of age with progressive or high -
 risk residual low - grade gliomas, and for children younger 
than 10 years of age who have progressive disease after previous 
chemotherapy. 

 An alternative strategy, particularly in young children, involves 
the administration of chemotherapy to treat the unresectable 
residual disease  [64, 65] , thereby avoiding or delaying the risks of 
radiation to the developing nervous system  [66 – 68]  and the 
potential for radiation - induced malignancies  [69] , which together 
may counterbalance any improvements in progression - free sur-
vival that are potentially achieved by up - front irradiation  [53] . 
This approach has been extensively evaluated in children with 
visual pathway gliomas (discussed below), but separate studies 
in children with hemispheric gliomas have not been performed. 
A third alternative is expectant management, since it is clear that 
a subset of incompletely resected lesions will show long - term 
stability without additional intervention. Because malignant 
degeneration of non - irradiated childhood low - grade gliomas is 
uncommon, lesions that progress after initial operation can 
potentially be treated with repeat resection  [53, 70] . 

 An additional consideration in the management of hemi-
spheric low - grade gliomas is that many of these lesions manifest 
with seizures, which in some cases can prove intractable. In such 
instances, surgical strategies for tumor removal are coupled with 
extra -  and intraoperative techniques, such as cortical mapping 
and electrocorticography, and functional imaging to enhance the 
likelihood of seizure control post - operatively, which is an impor-
tant element of long - term quality of life in affected patients.  

  Supratentorial  m alignant ( h igh -  g rade)  g liomas 
 Current therapy for children older than three years of age with 
supratentorial malignant gliomas (Figure  2.1 d) consists of 
maximal safe resection followed by irradiation to the tumor bed 
and a margin of surrounding brain to a dose of 5000 – 6000   cGy 
in 180   cGy/day fractions, in conjunction with some form of 
chemotherapy. This follows from the results of the Children ’ s 
Cancer Group (CCG) - 943 study, in which the use of adjuvant 
chemotherapy with lomustine (CCNU), vincristine, and pred-
nisone was shown to enhance survival in comparison with treat-
ment with irradiation alone  [71] . An attempt to further improve 
outcome using the  ‘ 8 - in - 1 ’  regimen in the subsequent CCG - 945 
study was unsuccessful  [72] . This provided the impetus for a 
series of subsequent studies by the CCG, the Pediatric Oncology 
Group, and European cooperative groups, which examined the 
effi cacy of administering more intensive chemotherapy regimens 
in a neoadjuvant (pre - irradiation) setting  [73 – 75] . Unfortunately, 
the results with several strategies were disappointing. For 
example, the CCG - 9933 study compared the use of three 

(Figure  2.1 b, c). Because several studies, including an analysis of 
a large pediatric cooperative group natural history cohort, indi-
cate that extent of resection is the most important predictor of 
outcome for these tumors  [53, 54] , there has been increasing 
interest in applying cortical mapping strategies (e.g. functional 
MRI and magnetoencephalography) and neuronavigational tech-
niques to enhance the percentage of tumors amenable to gross 
total resection.   

 After a gross total resection, 5 - year overall and progression -
 free survival rates exceed 90%  [53 – 55] ; as a result, adjuvant 
therapy is generally not used. In contrast, following incomplete 
resection, there is at least a 50% risk of disease progression within 
5 years  [53, 54] . Although children with pilocytic tumors seem to 
have a better prognosis than those with non - pilocytic lesions 
 [53] , a confounding factor is that pilocytic tumors are more likely 
to be well circumscribed and amenable to resection. Defi ning a 
prognostic effect of histology that is independent of resection 
extent has been diffi cult, even in large studies  [54] . 

 Management for patients with post - operative residual disease 
is controversial. Although at least half of such patients will 
progress within 5 years, overall 5 - year survival for children with 
subtotally resected low - grade gliomas exceeds 90%  [54] , which is 
substantially better than results observed in adults  [56 – 58] , and 
provides some rationale for managing small amounts of residual 
disease in high - risk locations expectantly, particularly if the 
patient is asymptomatic. This prognostic difference refl ects that 
progressive low - grade gliomas in adults commonly exhibit 
malignant transformation  [56 – 59] , whereas the vast majority of 
pediatric low - grade gliomas remain histologically benign at 
progression  [53] . 

 Although an attempt was made to defi ne the role of radio-
therapy for children with subtotally resected low - grade gliomas 
in the CCG9891/POG8930 study, this aim was not feasible 
because of persistent diffi culties in accruing randomized patients. 
In a non - randomized institutional series, the use of radiotherapy 
after an initial incomplete resection signifi cantly improved the 
frequency of progression - free survival, but had no infl uence on 
overall survival  [53] , refl ecting that irradiated patients were more 
likely to develop malignant lesions within the treatment fi elds, a 
change that was not observed in the non - irradiated patients. 
Other groups have also noted an improvement in progression -
 free survival with irradiation, without a discernible advantage in 
terms of overall survival  [56, 58, 60] . New methods of delivering 
fractionated radiotherapy using three - dimensional image - based 
treatment planning and delivery, coupled with the use of narrow 
peritumoral margins (i.e. stereotactic radiotherapy, conformal 
irradiation, intensity - modulated radiation therapy (IMRT)) have 
been developed in an effort to minimize treatment - induced mor-
bidity  [61 – 63] . This approach has been applied in a recent pilot 
study involving 47 children with progressive low - grade gliomas, 
in whom the target included the pre - operative tumor volume 
with a 2   mm margin, and doses ranged from 5000 to 5800   cGy in 
standard fractions. After a median follow - up of 3.4 years, there 
was only one local recurrence and no marginal failures  [61] . 
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incorporated both agents in children with high - grade glioma who 
had bulky post - operative residual disease  [79] . It is conceivable 
that subsequent studies will further extend these results by 
administering temozolomide with other chemotherapeutic and 
biologically targeted agents, by incorporating stratifi cation based 
upon MGMT status, and by expanding on current pilot studies 
of the Pediatric Brain Tumor Consortium that are combining 
temozolomide with 06 - benzylguanine as a way of reversing 
MGMT overexpression. 

 Another factor that has been associated with outcome in chil-
dren with high - grade glioma, and has therefore constituted a 
stratifi cation factor in a number of more recent studies, is the 
extent of post - operative residual disease. Patients who have 
undergone extensive tumor removal have had a signifi cantly 
better outcome than those undergoing more limited surgery or 
biopsy alone  [72, 80] . Although it impossible to exclude the pos-
sibility that certain tumors with more favorable biological char-
acteristics are inherently more amenable to radical resection  [80] , 
molecular studies that have attempted to control for biologically 
important factors have nonetheless noted a strong independent 
association between resection extent and outcome  [24] . 

 A second clinical factor associated with outcome is tumor his-
tology  [71] . Children with glioblastoma seem to fare worse than 
those with anaplastic astrocytoma, in agreement with data 
derived from adults  [71, 72] , although the trend is less striking. 
In addition, high - grade gliomas with an oligodendroglial com-
ponent have a better prognosis than purely astrocytic malignant 
gliomas  [72] , possibly refl ecting that oligodendroglial lesions are 
often more sensitive to adjuvant therapies  [43] . Although in 
adults, this sensitivity correlates with 1p and 19q chromosomal 
deletions  [43] , no such association has been noted in childhood 
lesions  [44] .  

  Optic -  h ypothalamic  g lioma 
 Although optic - hypothalamic gliomas, also commonly referred 
to as visual pathway gliomas, are generally low - grade neoplasms 
histologically, they can vary widely in behavior between patients. 
Accordingly, their management is typically individualized. In 
patients with NF1, who are commonly found to have asympto-
matic or minimally symptomatic lesions on screening imaging, 
management is often conservative initially, with intervention 
deferred until there is clear evidence of disease progression, 
because many such lesions will never progress. Accordingly, it 
warrants emphasis that not all chiasmal gliomas in children with 
NF1 require treatment  [14] . Moreover, in rare cases, lesions have 
been observed to regress spontaneously. In those NF1 patients 
with symptomatic tumors, the etiology of the lesion is rarely in 
question and biopsy strictly for histological confi rmation is 
usually not required  [14, 81] . In contrast, biopsy confi rmation is 
often prudent in patients with non - NF1 - related suprasellar 
masses to rule out other histologies. In both the NF1 and non -
 NF1 subgroups, resection is generally limited to tumors that are 
exophytic and causing mass effect or hydrocephalus  [82]  (Figure 
 2.2 a). Although complete resection is not safely feasible because 

different alkylating agents (carboplatin, ifosfamide, and cyclo-
phosphamide) with etoposide, before irradiation. Each of these 
combinations was associated with a high rate of early disease 
progression, and progression - free survival was only in the range 
of 15% at 2 years  [75] . In addition, the POG 9135 study exam-
ined the use of neoadjuvant cisplatin - BCNU  versus  cyclophos-
phamide - vincristine. The cisplatin - BCNU arm was associated 
with a 20% 5 - year event - free survival, which was comparable to 
the results with adjuvant CCNU and vincristine,  versus  less than 
5% for cyclophosphamide - vincristine ( P     <    0.05). Similarly, POG 
9431 noted relatively poor activity of neoadjuvant procarbazine 
and topotecan  [74] . 

 A parallel strategy that attempted to enhance the effi cacy of 
chemotherapy involved administering highly intensive myeloab-
lative regimens coupled with autologous bone marrow or periph-
eral blood stem cell rescue. Although some studies suggested an 
improvement in outcome with this approach  [76] , the results 
were severely discouraging in others, and the potential for signifi -
cant treatment - induced morbidity and mortality with some 
highly intensive regimens was a deterrent to further cooperative 
group application  [77] . Although CCG - 9922 noted an encourag-
ing 2 - year progression - free survival rate of 46% among 11 
patients with newly diagnosed high - grade glioma who were 
treated with a highly intensive regimen that included carmustine 
(BCNU), thiotepa, and etoposide, there was a substantial inci-
dence of signifi cant pulmonary and/or neurologic toxicity, and 
an 18% toxic death rate, which limited enthusiasm for further 
exploration of this regimen  [77] . 

 As an alternate approach, more recent studies have attempted 
to enhance the effi cacy of chemotherapy by administering active 
agents concurrently with, as well as after, irradiation  [25] , follow-
ing up on the results of a trial for adults with malignant gliomas 
conducted by the EORTC in which treatment with radiation and 
concurrent as well as adjuvant temozolomide improved outcome 
compared to treatment with irradiation alone  [78] . This study 
was not, however, designed to demonstrate that results with 
temozolomide were superior to those achieved with adjuvant 
nitrosourea therapy. In that context, a recently completed study 
of the Children ’ s Oncology Group (ACNS0126), which evaluated 
the activity of administering temozolomide on a daily basis 
during irradiation and on a standard fi ve - day schedule after irra-
diation, found that initial results were no better than those 
achieved in CCG - 945 with adjuvant CCNU and vincristine  [25] . 
An important observation of both the ACNS0126 and CCG - 945 
studies was that patients who had tumors that overexpressed 
MGMT, as assessed by immunohistochemistry, had a 2 - year sur-
vival rate approaching 0%, signifi cantly worse than those with 
non - overexpressing tumors  [48, 49] . This mirrored the observa-
tions of the adult temozolomide study, in which MGMT status 
was assessed by promoter methylation, using methylation - spe-
cifi c PCR  [47] . The impact of MGMT status on outcome was also 
examined in a follow - up study, which built upon the ACNS0126 
backbone by adding CCNU in conjunction with temozolomide, 
based on promising results in the COG ADVL0011 study that 
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feasibility of adding this agent to the carboplatin/vincristine back-
bone is being examined in the ACNS0223 study. More recently, 
studies have also been conducted using vinblastine, which has a 
lower incidence of neurological toxicity than vincristine and 
appears to exhibit promising independent activity  [91] . Although 
some patients initially treated with chemotherapy later require 
radiotherapy for disease control, the deferral of irradiation for 
several years is probably benefi cial in improving functional 
outcome. As a way to potentially minimize late effects from this 
modality, the ACNS0221 study is examining the effi cacy of three -
 dimensional image - based conformal radiotherapy treatment 
planning and delivery in children who require irradiation for 
these tumors  [92] .  

  Ganglioglioma and  b enign  n euroepithelial  t umors 
 As with pilocytic astrocytomas, gangliogliomas are generally well 
circumscribed lesions amenable to complete resection with  > 90% 
10 - year survival rates in the absence of adjuvant therapy  [93] . The 
role of radiotherapy for incompletely resected benign gangliog-
liomas remains unclear  [93] , and is generally reserved for tumors 
that progress after resection and are not deemed appropriate for 
repeat resection  [94] . Notwithstanding the generally benign 
nature of these tumors, there is clearly a subgroup in which 
malignant progression and even dissemination can occur, calling 
attention to the need for close surveillance of lesions that are not 
amenable to complete removal. 

 Several other uncommon benign neuroepithelial tumors of 
childhood, such as desmoplastic infantile ganglioglioma  [10, 11]  
and dysembryoplastic neuroepithelial tumor (DNET)  [9]  are also 
typically managed surgically. DNETs are indolent lesions that 
generally present with seizures and exhibit a favorable long - term 
outcome, although late recurrences have been reported  [9, 30] . 
These tumors are often well circumscribed and amenable to 
complete resection. Accordingly, adjuvant therapy is commonly 
deferred  [9, 30] . As with low - grade gliomas, post - operative 
seizure control is an important element in evaluating long - 
term functional outcome, and measures to localize and resect 

these lesions infi ltrate the optic chiasm and hypothalamus, sub-
stantial cytoreduction can sometimes be achieved  [82, 83] . An 
alternate strategy in such cases is to obtain a histological diagnosis 
by stereotactic or endoscopic biopsy and then give chemotherapy 
or irradiation initially, reserving resection for lesions that fail to 
respond.   

 The behavior of optic hypothalamic gliomas after treatment 
varies widely  [84] . Whereas some lesions regress substantially, 
others enlarge rapidly despite treatment. Jenkin  et al.   [85]  
observed that survival was signifi cantly better in patients with 
NF1 than in those without this diagnosis. A similar observation 
has been made in the recently completed Children ’ s Oncology 
Group A9952 study, in which patients with NF1 had a signifi -
cantly better prognosis than those without this diagnosis  [86] . 
It has also been suggested that chiasmal gliomas that extend into 
the hypothalamus carry a worse prognosis than lesions situated 
exclusively in the chiasm  [84] . In addition, tumors tend to 
behave more aggressively in infants than in older children  [82 –
 84, 86] . Recently, a histological subset of these tumors with  ‘ pilo-
myxoid ’  features has been identifi ed, and this group has been 
noted to have a more aggressive behavior than typical pilocytic 
lesions  [87] . 

 Radiation therapy has historically been the initial adjuvant 
treatment for these lesions and yields 5 - year survival rates of 
75 – 90%  [84, 88] . However, because this modality, as adminis-
tered in the past to young children with these midline tumors, 
has been associated with potentially disabling late effects of cogni-
tive deterioration, endocrinopathy, moya moya syndrome, and 
second malignancies  [66 – 69] , chemotherapy has become the pre-
ferred approach in recent years in patients younger than 5 – 10 
years  [64, 65, 86] . A variety of regimens have been employed (e.g. 
carboplatin/vincristine and 6 - thioguanine/procarbazine/CCNU/
vincristine), with response or stabilization rates in excess of 75% 
 [64, 65] . These two regimens were compared in terms of activity 
and tolerability in the A9952 study, the results of which are cur-
rently pending  [86] . Another agent that has demonstrated activity 
against low - grade gliomas is temozolomide  [89, 90] , and the 

a b

     Figure 2.2     Supratentorial midline gliomas. 
(a), This exophytic, partially cystic chiasmatic 
hypothalamic glioma was amenable to debulking, 
which avoided the need for shunt insertion to 
treat the associated hydrocephalus. (b), This 
subependymal giant cell astrocytoma also presented 
with obstructive hydrocephalus, which resolved 
following tumor removal.  
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sion, and these data suggest a potential alternative to surgery or 
radiation in the management of these lesions  [138] .  

  Oligodendroglioma and  m ixed  o ligo -  a strocytoma 
 Oligodendrogliomas and mixed oligoastrocytomas of childhood 
are similar to low - grade astrocytomas in terms of their frequent 
presentation with seizures and their favorable response to surgical 
therapy. Lesions that are amenable to complete resection have an 
excellent long - term prognosis in children, with a 5 - year survival 
rate in the range of 90%, which is superior to results reported in 
adults  [53, 106, 107] . The adjuvant management of subtotally 
resected lesions remains controversial. Several groups have 
reported that incompletely resected childhood oligodendroglio-
mas show a low incidence of disease progression with several 
years of follow - up  [106] . In that context, it has been noted that 
one of the strongest predictors of outcome among patients with 
oligodendrogliomas is the mode of presentation  [107] , and mani-
festation with seizures (the most frequent presenting symptom of 
these lesions during childhood) has been noted to be a favorable 
prognostic feature. However, our own experience suggests that 
many lesions will eventually progress slowly over time. Data from 
some adult cohorts have suggested that long - term disease control 
in patients with residual disease is favored by the use of involved 
fi eld radiotherapy  [108 – 110] , although others have obtained con-
tradictory data  [111, 112] . In the absence of conclusive data for 
childhood oligodendroglial tumors, it is common to follow chil-
dren with known residual disease expectantly, reserving further 
surgery or adjuvant therapy for those with tumor progression. 

 In recent years, there has been a trend for adult oligodendro-
glial tumors and to some extent in childhood lesions to treat 
patients with residual disease using chemotherapy, based on the 
observation that many tumors are chemosensitive  [43] . In par-
ticular, adult low - grade and anaplastic oligodendroglial tumors 
with deletions of chromosomes 1p and 19q frequently have a 
favorable response to chemotherapy  [43] . However, a similar 
association has not been detected in childhood lesions  [44] .  

  Cerebellar  a strocytoma 
 Cerebellar pilocytic astrocytomas (Figure  2.3 ) are similar to cer-
ebral cortical lesions in having an excellent prognosis after gross 
total surgical resection, with 10 - year survival rates exceeding 95% 
 [113, 114] . Non - pilocytic astrocytomas also generally have a 
favorable outcome if an extensive resection can be achieved 
 [114] . As with other low - grade gliomas, prognosis is strongly 
affected by the extent of resection determined by post - operative 
imaging, and some surgeons advocate re - exploration if the post -
 operative MRI demonstrates accessible residual disease. However, 
in cases in which the residual tumor is deeply embedded in the 
vermis or adherent to the brainstem, expectant management is 
often advisable with intervention reserved for tumor remnants 
that eventually progress. In recent years, we have treated selected 
patients with small foci of deep - seated recurrent disease with 
stereotactic radiosurgery, with rates of disease regression and 
control that seem comparable to those achieved by reoperation 

epileptogenic foci in the vicinity of the tumor have a role in 
improving ultimate seizure control. 

 In contrast to the above groups of tumors, desmoplastic infan-
tile gangliogliomas often present with signs and symptoms of 
increased intracranial pressure. Although complete resection is 
the operative goal for these tumors and is associated with a favo-
rable prognosis  [10, 11, 95, 96] , their size and vascularity in an 
infant with a limited blood volume may preclude a safe complete 
tumor removal in some cases. Several groups have examined 
administering adjuvant chemotherapy to patients with residual 
tumor  [11]  to prevent disease progression and induce tumor 
shrinkage, although this has not been systematically examined. 
This approach may provide a temporizing measure to allow 
a second - stage complete tumor resection, where clinically 
warranted. Other groups advocate expectant management and 
re - exploration in the event of tumor progression, because spon-
taneous regression of the residual tumor has sometimes been 
observed  [97, 98] .  

  Pleomorphic  x anthoastrocytoma 
 Although these tumors have histological features that can some-
times be misinterpreted as malignant, they have a reasonably 
good prognosis, with survival rates in the range of 70 – 80 % at 10 
years  [26] . However, tumors with evidence of necrosis and 
increased mitotic activity or proliferation labeling have been 
noted to have a higher risk of progression than those without 
these features  [27, 99 – 101] . As with other gliomas of childhood, 
extent of resection appears to have a strong association with 
outcome, with long - term survival in approximately 90% of 
patients after gross total resection versus only 65% after incom-
plete resection  [99, 102] . The observation that tumors that recur 
often show evidence of necrosis at reoperation suggests that 
incompletely resected lesions exhibit a potential for malignant 
progression. However, the role of adjuvant radiotherapy in the 
treatment of such cases remains uncertain  [27, 99] .  

  Subependymal  g iant  c ell  a strocytoma 
 These tumors arise almost exclusively in children with tuberous 
sclerosis in the vicinity of the foramen of Monro. As with tumors 
in children with NF1, many lesions are indolent and do not 
require treatment. Indications for operative intervention are large 
size or obstruction of the ventricular system. These tumors can 
be quite vascular and their juxtaposition to deep venous drainage 
can complicate attempts at complete removal  [103] . The progno-
sis for long - term disease control is excellent after total or near 
total resection  [104, 105]  (Figure  2.2 b). After less extensive resec-
tions, the residual tumor can enlarge slowly over time  [103] , 
although such lesions can be radically resected at a subsequent 
operation. Radiotherapy or stereotactic radiosurgery has on occa-
sion been used for the management of unresectable recurrent 
lesions, although the effi cacy of this strategy remains uncertain. 
More recently molecularly targeted therapy using inhibitors of 
mTOR have demonstrated promise in inducing disease regres-
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tumor, less than 25% have exhibited progression with a median 
follow - up in excess of 5 years. Dorsally exophytic brainstem 
gliomas are less indolent than the tectal tumors (Figure  2.4 a), but 
nonetheless have an excellent prognosis with extensive resection, 
which is usually feasible  [118 – 120] . Most prove histologically to 
be pilocytic astrocytomas or other low - grade glial lesions. Focal 
intrinsic midbrain, pontine, medullary, and cervicomedullary 
tumors are also histologically benign in most cases, although their 
removal carries higher risks because of the greater potential for 
brainstem injury  [118, 119] . In some cases, such lesions have been 
effectively treated with biopsy or limited debulking in conjunc-
tion with focal radiotherapy or radiosurgery.   

 In contrast to the above groups of benign brainstem gliomas, 
diffuse intrinsic brainstem gliomas are biologically and generally 
histologically malignant lesions, and have a dismal prognosis with 
a median survival of less than one year  [121 – 125] . The diagnosis 
is made based on a characteristic imaging appearance (Figure 
 2.4 b) in the appropriate clinical setting, characterized by rapidly 
progressive cranial neuropathies and long - tract signs. Treatment 
is non - operative, apart from the need for CSF diversion in 
about 20% of cases, and has typically consisted of external beam 

 [115] . Alternatively, patients may be treated with conventionally 
fractionated radiotherapy or chemotherapy. Although histologic 
features suggestive of malignancy (e.g. vascular proliferation, lep-
tomeningeal invasion, or occasional mitotic fi gures) in pilocytic 
astrocytomas do not necessarily indicate a poor prognosis  [116] , 
the same does not apply to non - pilocytic tumors, in which fea-
tures of anaplasia are an adverse prognostic factor. Such lesions 
are treated identically to cerebral high - grade gliomas, with adju-
vant radiotherapy and chemotherapy.    

  Brainstem  g liomas 
 Brainstem gliomas have historically been considered to have an 
extremely poor prognosis, but reports during the MR era have 
highlighted the wide range of outcomes that characterize such 
lesions, depending on the growth characteristics of the tumor (i.e. 
focal or diffuse)  [52] . On the most benign end of the spectrum 
are the intrinsic tectal tumors  [117] , which usually present with 
obstructive hydrocephalus, and are generally managed by cere-
brospinal fl uid (CSF) diversion, typically a third ventriculostomy, 
and expectant follow - up for the tumor. In our series of more than 
40 such lesions managed without specifi c treatment for the 

a b

     Figure 2.3     Cerebellar low - grade astrocytomas. 
(a), A cerebellar hemispheric pilocytic astrocytoma. 
(b), Histologically similar lesions can arise in the 
vermis.  

a b

     Figure 2.4     Brainstem gliomas. (a), A dorsally 
exophytic medullary glioma that was amenable to 
extensive resection. (b), A diffuse intrinsic brainstem 
glioma.  
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intrinsic tectal tumors, annual or biennial follow - up visits and 
imaging are often suffi cient. For completely resected cerebral and 
cerebellar astrocytomas, a follow - up scan and visit 3 – 6 months 
after surgery may be appropriate followed by a scan 1 year post -
 operatively and periodically thereafter. On the other hand, in 
patients with malignant gliomas or diffuse intrinsic brainstem 
tumors, follow - up should occur every 2 – 3 months because of the 
high risk of early progression. 

 Another aspect of follow - up relates to monitoring for late 
effects among long - term survivors, a particular issue in children 
who have received irradiation. Many of the most troubling seque-
lae in this regard are detected several years after diagnosis, which 
highlights the need for long - term multidisciplinary follow - up. 
Young children who have received whole brain irradia tion 
have been noted to have a gradual decline in intelligence during 
the fi rst 2 years after treatment  [66, 67] . This may be mitigated 
by the use of focal irradiation, particularly if the medial temporal 
lobes and hypothalamus are outside the treatment volume. 

 Children who have received cranial irradiation also have an 
increased incidence of vasculopathy, particularly in those treated 
for chiasmatic - hypothalamic gliomas, presumably because of 
irradiation to the circle of Willis. Endocrine dysfunction is also 
common in children with these tumors  [68] , even in the absence 
of irradiation. As noted earlier, second neoplasms are also 
observed in up to 5% of children with brain tumors  [69, 129] . 
The most common lesions in this regard are malignant gliomas, 
meningiomas, and sarcomas that occur within radiotherapy 
treatment fi elds 5 – 20 years after irradiation. In addition, the use 
of alkylating chemotherapy agents has been associated with an 
increased incidence of hematological malignancies.  

  Novel  t herapeutic  a pproaches 

 Given the emergence of a variety of platforms to characterize 
tumors based on their protein expression, genotypic abnormali-
ties and gene transcription, it is likely that future treatment will 
increasingly incorporate molecular phenotype into treatment 
planning  [48] . Efforts to unravel the molecular pathways of 
tumor development have identifi ed a number of genomic altera-
tions and expression patterns that are commonly observed in 
malignant gliomas  [130] . The involvement of transmembrane 
tyrosine kinases, such as EGFR and PDGFR, in tumorigenesis has 
fostered a series of studies of receptor inhibitors, such as erlotinib, 
gefi tinib, and imatinib, in both the Children ’ s Oncology Group 
and the Pediatric Brain Tumor Consortium. In parallel with these 
efforts, studies have examined the effect of interfering with down-
stream signaling transduction, by blocking Ras, Raf, PI3K and 
mTOR signaling. 

 An alternative approach for targeting cellular receptors that are 
overexpressed in brain tumors has involved the use of immuno-
toxin conjugates, in which binding to a cell surface receptor by a 
ligand or antibody conjugated to an immunotoxin provides a 
basis for toxin internalization and cell killing  [131, 132] . Because 

irradiation to a dose of 5400 – 6000   cGy, administered to the 
tumor and a margin of surrounding brain. Radiotherapy fre-
quently produces transient disease regression and symptomatic 
improvement, although the salutary effects are generally brief. To 
improve on these results, numerous studies have examined the 
effi cacy of pre -  and post - irradiation chemotherapy, although to 
date no regimen has been found to improve prognosis. In an early 
CCG study comparing irradiation alone versus irradiation plus 
adjuvant CCNU, vincristine, and prednisone, there was no sur-
vival benefi t in patients who received chemotherapy  [122] , and 
subsequent studies using intensive pre -  or post - irradiation chem-
otherapy have been equally disappointing  [123 – 125] . 

 Based on the ability of radiotherapy to promote at least tran-
sient tumor regression, there has been a rationale to examine 
approaches to enhance the effi cacy of irradiation as a way to 
increase survival. Unfortunately, studies from both CCG and 
POG that attempted to escalate the dose of irradiation to as high 
as 7800   cGy using hyperfractionated delivery observed no 
improvement in survival  [121, 123, 125, 126] , even when com-
bined with chemotherapy  [123, 125] , which dampened enthusi-
asm for further evaluating this approach. 

 A more recent strategy to potentially enhance the effi cacy of 
irradiation has involved administering radiosensitizing or con-
ventional chemotherapeutic agents concurrently with irradiation 
in order to potentiate the effect of this modality. This approach 
has been examined in studies of the SIOP and CCG involving 
topotecan, POG studies of cisplatin, phase I and II COG studies 
involving gadolinium texaphyrin and phase II studies of temo-
zolomide. In addition, ongoing studies by the Pediatric Brain 
Tumor Consortium are exploring the effi cacy of combining irra-
diation with molecularly targeted agents (see below  –  Novel 
Therapies)  [127] . A limitation in validating the biological ration-
ale for such therapies has been the lack of evaluable tissue for 
molecular characterization, which has necessitated a conjectural 
approach to agent selection based on assumptions that molecular 
data from non - brainstem high - grade gliomas in children and 
adults apply to diffuse brainstem gliomas. Although some studies 
have been conducted on archival material from the pre - MR era, 
during which brainstem gliomas still underwent biopsy  [128] , it 
is diffi cult in the absence of MR imaging to be certain what 
percentage of these cases were diffuse brainstem gliomas versus 
more benign brainstem tumors. The lack of contemporary tissue 
specimens for biological analysis clearly represents an addi-
tional challenge to making progress in the management of these 
tumors.   

  Strategies for  f ollow - up and  l ate  e ffects 

 In terms of surveillance for tumor recurrence, there are no clear -
 cut guidelines for imaging or clinical follow - up in children with 
gliomas, and practices vary widely between institutions. Clearly, 
the frequency of monitoring needs to be tailored to the aggres-
siveness of the glioma being treated. For patients with benign 



Chapter 2 Low- and High-Grade Glioma

19

  References 

     1       Bar   EE  ,   Lin   A  ,   Tihan   T  ,   Burger   PC  ,   Eberhart   CG  .  Frequent gains 

at chromosome 7q34 involving BRAF in pilocytic astrocytoma . 

 J Neuropathol Exp Neurol   2008 ;  67 :  878  –  87 .  

     2       Jones   DT  ,   Kocialkowski   S  ,   Liu   L  , et al.  Tandem duplication produc-

ing a novel oncogenic BRAF fusion gene defi nes the majority of 

pilocytic astrocytomas .  Cancer Res   2008 ;  68 :  8673  –  77 .  

     3       Korshunov   A  ,   Meyer   J  ,   Capper   D  , et al.  Combined molecular analy-

sis of BRAF and IDH1 distinguishes pilocytic astrocytoma from 

diffuse astrocytoma .  Acta Neuropathol   2009 ;  118 :  401  –  5 .  

     4       Pollack   IF  .  Brain tumors in children .  N Engl J Med   1994 ;  331 : 

 1500  –  7 .  

     5       Young   JL  .  Cancer incidence, survival, and mortality for children 

younger than 15 years .  Cancer   1986 ;  58 :  561  –  8 .  

     6       Kleihues   P  ,   Burger   PC  ,   Scheithauer   BW  , et al.  World Health 

Organization Histological Typing of Tumours of the Central 

Nervous System .  New York :  Springer - Verlag ,  1993 .  

     7       Berger   MS  ,   Keles   GE  ,   Geyer   JR  .  Cerebral hemispheric tumors of 

childhood .  Pediatr Neuro - Oncol   1992 ;  3 :  839  –  52 .  

     8       Giannini   C  ,   Scheithauer   BW  ,   Burger   PC  , et al.  Pleomorphic xan-

thoastrocytoma: what do we really know about it .  Cancer   1999 ;  85 : 

 2033  –  45 .  

     9       Daumas - Duport   C  ,   Scheithauer   BW  ,   Chodkiewicz   J - P  , et al. 

 Dysembryoplastic neuroepithelial tumor (DNT): a surgically curable 

tumor of young subjects with intractable partial seizures: report of 

39 cases .  Neurosurgery   1988 ;  23 :  545  –  56 .  

     10       VandenBerg   SR  ,   May   EE  ,   Rubinstein   LJ  , et al.  Desmoplastic 

supratentorial neuroepithelial tumors of infancy with divergent dif-

ferentiation potential ( ‘ desmoplastic infantile gangliogliomas ’ ). 

Report on 11 cases of a distinctive embryonal tumor with a favorable 

prognosis .  J Neurosurg   1987 ;  66 :  58  –  71 .  

     11       Duffner   PK  ,   Burger   PC  ,   Cohen   ME  , et al.  Desmoplastic infantile 

gangliogliomas: an approach to therapy .  Neurosurgery   1994 ;  34 : 

 583  –  9 .  

     12       Xu   G  ,   O ’ Connell   P  ,   Viskochil   D  , et al.  The neurofi bromatosis type 

1 gene encodes a protein related to GAP .  Cell   1990 ;  62 :  599  –  608 .  

     13       Basu   TN  ,   Gutmann   DH  ,   Fletcher   JA  , et al.  Aberrant regulation of 

ras proteins in malignant tumors cells from type 1 neurofi bromato-

sis patients .  Nature   1992 ;  356 :  713  –  15 .  

     14       Pollack   IF  ,   Mulvihill   JJ  .  Special issues in the management of gliomas 

in children with neurofi bromatosis 1 .  J Neuro - oncol   1996 ;  28 : 

 257  –  68 .  

     15      The European Chromosome 16 Tuberous Sclerosis Consortium. 

Identifi cation and characterization of the tuberous sclerosis gene on 

chromosome 16 .  Cell   1993 ;  75 :  1305  –  15 .  

     16       Hamilton   SR  ,   Lui   B  ,   Parsons   RE  , et al.  The molecular basis of 

Turcot ’ s syndrome .  N Engl J Med   1995 ;  332 :  839  –  47 .  

     17       Kikuchi   T  ,   Rempel   SA  ,   Rutz   H - P  , et al.  Turcot ’ s syndrome of glioma 

and polyposis occurs in the absence of germ line mutations of exons 

5 to 9 of the p53 gene .  Cancer Res   1993 ;  53 :  957  –  61 .  

     18       Kyritsis   AP  ,   Bondy   ML  ,   Xiao   M  , et al.  Germline p53 gene mutations 

in subsets of glioma patients .  J Natl Cancer Inst   1994 ;  86 :  344  –  9 .  

     19       Bailey   P  ,   Cushing   H  .  A Classifi cation of Tumors of the Glioma on a 

Histogenetic Basis with a Correlated Study of Prognosis .  Philadelphia : 

 JB Lippincott ,  1926 .  

     20       Kernohan   J  ,   Mabon   RF  ,   Svien   JH  , et al.  A simplifi ed classifi cation of 

gliomas .  Proc Staff Meet Mayo Clin   1949 ;  24 :  71  –  5 .  

such agents are large molecular weight molecules, drug adminis-
tration typically involves convection - enhanced delivery in which 
the conjugates are delivered to the tumor and peritumoral brain 
by interstitial infusion and bulk fl ow. 

 A third experimental approach involves the use of immuno-
therapy in which tumor - specifi c antigens are delivered to the host 
immune system in the setting of dendritic cells or immunoadju-
vants to promote antitumor immunoreactivity. Anecdotal reports 
of such studies suggest the potential for some activity  [133, 134] . 
Finally, recent studies have begun to examine the effect on out-
come of interfering with tumor - induced angiogenesis. Because 
this approach is predominantly considered cytostatic, rather than 
cytotoxic, ongoing studies are examining how best to combine 
such agents with conventional therapeutic approaches.  

  Summary and  f uture  d irections 
for  m anagement 

 The management and outcome for children with gliomas varies 
widely as a function of tumor type. For low - grade gliomas, the 
factor that has the strongest impact on outcome is resection 
extent. For tumors that are amenable to extensive resection, 
outcome is excellent without the need for adjuvant therapy. 
Survival results appear to be signifi cantly better than for similar 
lesions in adults. For unresectable midline low - grade gliomas, 
disease control can often be achieved with a combination of 
chemotherapy and irradiation, with the preferred option in part 
determined by the age of the patient. The optimal chemotherapy 
regimen remains to be defi ned as does the effi cacy and activity of 
conformally directed irradiation. Despite these approaches, a per-
centage of children exhibit intractably progressive disease that 
ultimately proves fatal. For children with high - grade gliomas, the 
prognosis is even more discouraging, despite numerous studies 
over the last two decades. In view of the recently identifi ed asso-
ciations between molecular and biological markers and treatment 
response, it is likely that stratifi cation of therapy based on such 
features will occur in future studies. Unfortunately, even in the 
best biological subgroups of high - grade gliomas, survival is less 
than 40%, calling attention to the need to continue to explore 
novel therapeutic approaches, as outlined above. The necessity 
for such approaches is even more strikingly demonstrated in 
children with diffuse intrinsic brainstem gliomas, for which prog-
nostically useful biological information has been lacking. The 
outcome for children with such tumors has shown no improve-
ment during the last two decades, highlighting the need for radi-
cally different treatment strategies and innovative therapies for 
these challenging neoplasms.  
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   Introduction 

 Ependymomas are one of four types of ependymal tumor that 
originate throughout the central nervous system (CNS) from the 
wall of the ventricular system and the spinal canal  [1] . These 
tumors display moderate cellularity, ultrastructural properties of 
ependymal cells and express markers of glial differentiation  [1] . 
Ependymomas arise in all age groups, but children and adults are 
predisposed to develop these tumors in different parts of the CNS 
 [2] . Posterior fossa ependymoma presents most often in patients 
aged less than 10 years, while spinal tumors are largely a disease 
of adults  [3] . The variable patterns of histology and clinical pres-
entation of ependymoma, and the separation of pediatric and 
adult oncology services, have hindered efforts to coordinate clini-
cal trials in this disease. As a result, no new therapeutic approaches 
have been identifi ed to treat ependymoma during the last 20 years 
and up to 40% of patients ’  tumors remain incurable  [4, 5] . 
Current treatments for ependymoma include aggressive surgical 
resection and radiation therapy. No effective conventional chem-
otherapy regimens to treat ependymoma have been identifi ed, 
although clinical trials for novel therapies that target specifi c cell 
signal pathways are being undertaken by the Pediatric Brain 
Tumor Consortium (PBTC) and the Children ’ s Oncology Group 
(COG). 

 Ependymoma remains a challenging disease to treat, but labo-
ratory and clinical research conducted during the last decade has 
resulted in important discoveries that are likely to provide a new 
direction for the management of this disease. Translating these 
discoveries into curative combinations of conventional and novel 
treatments for all patients with ependymoma will require close 
collaboration between clinicians and scientists.  

  Epidemiology 

 Ependymoma is the third most common CNS tumor in children, 
accounting for 6 – 12% of brain tumors in this age group. The dis-
ease is characterized by the following epidemiological features: 
   •      Most often found in children aged less than 4 years  [3] .  
   •      Male   :   female ratio, 1.6   :   1  [3, 6] .  
   •      No apparent variation in the incidence of ependymoma by 
geographic region or socioeconomic class, but the disease might 
be more common in Caucasians  [6, 7] .  
   •      Around 50 – 60% of pediatric cases occur within the posterior 
fossa (fl oor or roof of the IV ventricle or cerebellopontine angle) 
(Figures  3.1  and  3.2 ). The tumor can arise also from the III and 
lateral ventricles or within the parenchyma of the cerebral hemi-
spheres (30 – 40% of pediatric cases). Although ependymoma is 
the most frequent form of spinal tumor in adults, this tumor 
rarely arises in the spine of children  [1] .       

  Histology 

 Ependymomas are characterized by pseudorosettes of tumor cells 
that surround a central blood vessel and that punctuate fi elds of 
tumor cells that display a glial immunophenotype and ultrastruc-
tural properties of ependymal cells (Plate  3.1 ). A number of 
ependymoma histologic subtypes are recognized: 
   •      Myxopapillary and sub - ependymomas occur almost exclusively 
in the cauda equina and are relatively benign tumors (WHO 
grade I).  
   •      Classic ependymomas can display papillary or clear cell features 
(WHO grade II).  
   •      Anaplastic ependymoma display increased cellularity, cytologic 
atypia, and microvascular proliferation (WHO grade III).    

 Prior attempts to correlate ependymoma histologic grade with 
prognosis have proved controversial; although more contempo-
rary studies of relatively large cohorts suggest that anaplastic his-
tology predicts a poor clinical outcome  [8] .  
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  Genetics and  t umor  b iology 

 Until recently, knowledge of the genetic alterations in ependy-
moma was limited to lists of large chromosomal gains and losses, 
e.g. +1q,  − 6q, +7p,  − 9p,  − 16q, and  − 22q  [9 – 16]  and a very small 
number of tumor suppressor genes (TSG) identifi ed by studies 
of heritable tumors. Ependymoma is associated with certain 
tumor predisposition syndromes: 
   •      Patients with neurofi bromatosis type 2 are predisposed to 
spinal ependymoma  [17]  and around 25% of sporadic forms of 
this tumor contain somatic mutations in  neurofi bromin 2  ( NF2 , 
22q12.2)  [18, 19] .  
   •      Ependymomas have also been reported in two patients with 
Turcot ’ s syndrome (germline mutation in  APC )  [20, 21] , and in 
one patient with Li - Fraumeni syndrome (germline mutation in 

     Figure 3.1     Transverse and sagittal pre -  and 
post - operative T1 -  and T2 - weighted MR imaging of 
a IVth ventricular ependymoma.  

     Figure 3.2     Transverse T1 -  and T2 - weighted MR 
images demonstrating a left cerebellopontine angle 
ependymoma. Arrows shows position of the 
displaced medulla.  

 TP53 )  [22] . However, mutations in  CTNNB1 ,  APC  or  TP53  
occur in less than 1% of sporadic ependymomas  [23 – 25] .    
 More recently, genomic tools that detect genome - wide patterns 
of gene expression and chromosomal alteration have provided 
some key insights into the biology of ependymoma. Of particular 
note, these studies have shown that ependymomas from the 
different regions of the CNS are molecularly distinct diseases 
 [26 – 30] . For example, while the great majority of cerebral epend-
ymomas activate the NOTCH signal pathway and delete the 
 INK4A/ARF  TSG locus, spinal ependymomas express high - levels 
of members of the HOX gene family  [26, 29] . Efforts are now 
underway to apply technologies of higher resolution (500   K single 
nucleotide polymorphism mapping arrays) to pinpoint specifi c 
oncogenes and TSG among large cohorts of ependymoma. 

 Studies of the gene expression profi les of ependymoma have 
also provided considerable clues to the cellular origin of the 
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  Staging 
 There is no offi cial staging classifi cation of ependymoma, but the 
diagnosis of metastatic disease is important for assigning appro-
priate treatment. Disseminated disease is detected using neuraxis 
MRI and cerebrospinal fl uid (CSF) cytology; however, for a 
number of reasons these modalities are rather inaccurate and 
unreliable: 
   •      Spinal MRIs often contain movement artifacts as a consequence 
of inadequate patient preparation, sedation, or anesthesia.  
   •      Metastatic ependymomas do not manifest the clear linear 
enhancement observed in embryonal tumors, and non - specifi c 
transient enhancement along the surface of the brainstem and 
spinal cord can be observed in patients with non - metastatic 
disease  [34] .  
   •      CSF cytology is a poor predictor of disease dissemination since 
patients with surgically confi rmed neuraxis dissemination after 
focal irradiation often contain no tumor cells in the CSF  [33] .    
 The development of reliable methods to detect metastatic epend-
ymoma is remains an important challenge. Such tests are likely 
to become more important since improvements in surgery and 
radiation therapy have shifted patterns of disease failure from 
local to disseminated relapse.   

  Treatment of  e pendymoma 

  A  h istorical  p erspective 
 Surgery and radiation have been used as treatments for ependy-
moma for more than 40 years  [35] . Twenty years ago, less empha-
sis was placed on the extent of surgery; but it is now recognized 
that complete removal of ependymoma is critical if the disease is 
to be treated successfully  [36 – 38] . Previous methods of delivering 
radiation to children with ependymoma were also suboptimal. 
Investigators often treated all patients with craniospinal irradia-
tion on the erroneous assumption that many tumors were dis-
seminated at the time of diagnosis. This exposed patients to the 
risk of debilitating side - effects for the sake of the minority with 
disseminated tumors. Further, conventional techniques for deliv-
ering radiation restricted doses to the primary tumor site of 54   Gy 
and irradiated large volumes of normal tissue. Consequently, 
many patients developed early local tumor recurrence and only 
20% achieved long - term event - free survival. 

 In the early 1990s investigators began to explore the possibility 
of increasing the dose of radiation to the primary tumor bed as 
well as the effi cacy of systemic chemotherapy. However, event -
 free and overall survival rates remained largely unchanged since 
many patients continued to receive only partial tumor resections 
and chemotherapy proved ineffective  [39, 40] . Concerns associ-
ated with irradiating the brains of very young children meant that 
most children with ependymoma aged less than 3 years experi-
enced early tumor recurrence and inferior outcomes when com-
pared with older patients. 

 The results of clinical studies conducted in the last 10 years 
have led to a general consensus in the US regarding the treatment 

disease. A recent analysis of over 100 ependymomas, demon-
strated that ependymomas share the gene expression profi les of 
neural progenitor cells, termed radial glia, in the corresponding 
region of the CNS  [26] . These studies suggest: 
   •      Radial glia in different parts of the CNS are predisposed to 
acquire distinct genetic abnormalities that transform these cells 
into ependymoma cancer stem cells (CSC).  
   •      Ependymomas arise from radial - glia and ultimately contain 
radia glia - like CSC that are both required and suffi cient to gener-
ate tumors  in vivo .  
   •      More recently, CSC in ependymoma were shown to reside in 
aberrant vascular stem cell niches, reminiscent of those observed 
in the normal brain, providing further evidence that ependymo-
mas are maintained by stem - like cancer cells  [31, 32] .     

  Clinical  p resentation 

 The symptoms and signs caused by ependymoma vary with 
tumor site. Symptoms and signs of ependymomas of the poste-
rior fossa relate to raised intracranial pressure (headache worse 
in the morning, vomiting, lethargy, papilledema) and cerebellar 
dysfunction (ataxia, nystagmus). 

 Ependymomas of the cerebrum cause hemiparesis, visual fi eld 
defects, seizures and cognitive impairment depending upon the 
affected lobe. 

 Ependymomas are generally slow growing tumors and there-
fore symptoms may be present up to a year prior to diagnosis and 
may wax and wane in severity. Although very rare, ependymomas 
may metastasize to extraneural tissues including lymph nodes, 
liver and lung  [33] .  

  Investigation and  s taging 

  Neuroimaging 
 Ependymomas appear as densely cellular and sometimes calcifi ed 
lesions when imaged.   

 Magnetic resonance imaging (MRI) of posterior fossa 
ependymomas: 
   •      Often reveals extension of the tumor through the foramen 
magnum into the upper cervical spinal canal and involvement of 
other structures in the posterior fossa including cranial nerves, 
brainstem, basilar, and vertebral arteries.  
   •      Rostral extension along the brainstem to the level of the tento-
rial incisura is considered extensive disease and presents a par-
ticularly diffi cult therapeutic challenge.    

 MRI of cerebral ependymomas: 
   •      Often reveals large and cystic tumors that may mimic some 
features of malignant glioma; but ependymomas lack the invasive 
features of these high - grade tumors (Figure  3.5 ).  
   •      Ependymomas of the suprasellar region, diencephalon, thalami, 
and brainstem appear similar on MRI to the more common 
tumors that arise at these sites.     
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approach is often required based on the confi guration of the 
tumor (Figure  3.4 )   Operative mortality is rare for these patients; 
however morbidity remains high and includes cranial nerve dys-
function, defi cits of coordination and fi ne motor skills and, less 
commonly, swallowing dysfunction with vocal cord paralysis  [42, 
43] . Tracheostomy and gastrostomy are temporarily required in 
a small subset of patients, but the great majority of these recover 
with almost normal function  [73, 74] .   

 Surgical planning and evaluation has benefi ted greatly from 
improvements in neuroimaging and the absence of detectable 
tumor on post - operative imaging remains a core component of 
the defi nition of a gross - total resection. However, the trial 
divided these cases further between those that did or did not 
contain evidence of residual tumor by intraoperative micros-
copy. Patients who displayed no evidence of detectable disease 
by either imaging or intraoperative microscopy were managed 
with observation alone following surgery. This approach was 
based on data, albeit limited, that these patients did not require 
adjuvant therapy  [44]   . 

 Patients who undergo less than gross - total resection have been 
classifi ed as receiving either near - total or sub - total resection in 
an attempt to determine if residual disease burden correlates with 
survival. However, these terms are inexact. For example, sub - total 
resection is used in an all encompassing manner to describe any-
thing from a limited volume of residual tumor to a large residual 
mass after tumor biopsy. Some investigators have applied to 
ependymoma the same defi nitions used to defi ne subtotal 
( > 1.5   cm 2  residual of tumor on a single cross sectional image) and 
near - total (residual tumor  < 1.5   cm 2 ) resection of medulloblast-
oma  [36] . The COG trial ACNS0121 defi ned residual tumor by 
 ‘ thickness ’  on serial image slices rather than tumor area: near -
 total resection was defi ned as  ≤ 0.5   cm residual tumor thickness 
and sub - total as  > 0.5   cm thickness. Thin linear enhancement 

of non - disseminated ependymoma. A landmark prospective 
phase II trial of conformal radiation therapy (RT - 1) was con-
ducted at St Jude Children ’ s Research Hospital (SJCRH) between 
1997 and 2003  [41] . RT - 1 accrued 88 patients including 48 chil-
dren aged less than 3 years at the time of irradiation. Importantly, 
over 85% of children enrolled on RT - 1 achieved a gross - total 
tumor resection, since patients with residual disease were referred 
routinely for second surgery prior to radiation therapy. Con-
sequently, local disease control was achieved in 80%    ±    6% and 
95%    ±    4% of children with anaplastic and differentiated ependy-
moma, respectively, and the overall event - free survival rate was 
75%    ±    4% at 3 years (Figure  3.3 ). Importantly, longitudinal pro-
spective assessment of neurologic, endocrine and cognitive func-
tion among children treated on RT - 1 has shown that most 
function within the normal range following therapy  [75] .   The 
encouraging survival rates associated with RT - 1 have been attrib-
uted to a combination of factors that include better tumor 
imaging, the high - rate of gross - total tumor resection and 
improved radiation planning and delivery methods. The 
Children ’ s Oncology Group (COG) subsequently conducted a 
clinical trial (ACNS0121) with more than 350 subjects that used 
the same methods of irradiation and strongly encouraged second 
surgery. This trial was completed in 2007 and the results are 
expected in 2011.    

  Surgery 
 Total tumor resection remains the most important treatment for 
patients with localized ependymoma  [36 – 38] . Resection of 
tumors arising in the supratentorial brain follows the same prin-
ciples as those used to remove other supratentorial tumors. 
Tumors in the infratentorial brain, especially those involving the 
lateral aspect of the brainstem and lower cranial nerves, often 
present a particular challenge to the neurosurgeon. A two step 
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 < 0.5   cm, regardless of the area involved, was regarded as near -
 total resection. It remains to be determined which, if any, clas-
sifi cation of surgical resection is useful for predicting prognosis.  

  Second  s urgery 
 If a gross - total resection is not achieved at fi rst surgery, careful 
consideration needs to be given to the use of additional or second 
surgery. There are a number of reasons why gross - total resection 
may not be achieved at a fi rst attempt, e.g. patients  in extremis  at 
presentation, or tumors that require two different surgical 
approaches. Second surgery may be accomplished safely and in 
most cases has been shown to be effective at achieving a gross -
 total resection ( [45]  and  [76] . Second surgery should be per-
formed as soon as possible. Chemotherapy might be helpful in 
reducing further the size of the primary tumor in between fi rst 
and second look surgery and improving the chance of achieving 
a complete resection  [46] . This strategy was studied in the 
ACNS0121 trial. Although, a gross - total resection is an important 
goal for all patients, radiation is an effective therapy and aggres-
sive surgery should not be conducted at the expense of damaging 
the cranial nerves or brainstem that could result in devastating 
side - effects.  

  Chemotherapy   
 Although ependymoma is sensitive to conventional chemother-
apy, there is no convincing evidence that this treatment improves 
overall patient survival: 
   •      Cisplatin is the most active agent against ependymoma, with 
reported response rates of 30%  [47 – 49] .  
   •      Carboplatin  [50, 51] , ifosfamide  [52]  and etoposide  [53, 54]  
have each demonstrated modest activity against the disease; but 

combination chemotherapy regimens have proved ineffective at 
improving the cure rates achieved with surgery and radiation 
therapy alone.  
   •      Combination regimens have proved equally ineffective.  
   •      A randomized trial of lomustine (CCNU), vincristine and pred-
nisone, versus no chemotherapy for one year following surgery 
and radiation conducted by the Children ’ s Cancer Group (CCG), 
failed to show any added benefi t of the chemotherapy  [55] .  
   •      A second CCG study of children aged  ≥ 2 years with newly 
diagnosed ependymoma that randomized patients to receive 
either CCNU, vincristine and prednisone or the eight - drugs - in -
 1 - day regimen, also demonstrated no advantage of chemotherapy 
relative to historical controls  [36] . The German HIT 88/89 and 
91 trials failed to show any benefi t of chemotherapy for patients 
with newly diagnosed anaplastic ependymoma  [56] .  
   •      Very young patients with ependymoma have shown responses 
to chemotherapy and this modality may have a role in delaying 
radiation of the brains of very young patients. The role of dose 
intensive chemotherapy in this age group, however, is unclear.  
   •      Pediatric Oncology Group 8633 reported a 48% response rate 
to a combination of vincristine, cyclophosphamide, cisplatin and 
etoposide among 25 children with post - operative residual tumor 
 [57] .  
   •      The French Society of Pediatric Oncology reported a 4 year 
overall survival rate of 23% among patients aged  < 5 years receiving 
seven cycles of adjuvant alternating  ‘ procarbazine and carbopla-
tin ’  -  ’ etoposide and cisplatin ’  -  ’ vincristine and cyclophosphamide ’  
and no radiation,  [58] . Early reports that dose intensifi cation of 
chemotherapy might improve survival rates among young chil-
dren with ependymoma have not been validated. More recent 
studies suggest that myeloablative chemotherapy and autologous 
stem cell rescue does not improve survival of patients with ependy-

     Figure 3.4     Cerebellopontine angle tumor that 
required two surgical approaches.  
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to the primary tumor site. This has been made possible by tech-
nological improvements in radiation planning and delivery. The 
volume of irradiation required to treat patients adequately, while 
sparing normal tissue, is one of the primary questions under 
investigation by radiation oncologists. The ability of new treat-
ment systems to limit the highest dose of radiation to the tumor 
bed and spare surrounding normal tissues has been demonstrated 
in the RT - 1 trial  [41] . Patients enrolled on RT - 1 were treated with 
54 – 59.4   Gy of conformal radiation with a 1   cm clinical target 
volume margin targeted to the post - operatively - defi ned tumor 
bed. Serially   evaluation of patients using a variety of objective 
measures of cognitive function identifi ed no decline in cognitive 
function  [77] .    

  Craniospinal  i rradiation 
 Although rare, ependymoma can disseminate throughout the 
neuraxis, and craniospinal irradiation is required treatment for 
these patients. In pediatric neuroradiotherapy, craniospinal irra-
diation is defi ned as irradiation of the entire neuraxis with addi-
tional focal or  ‘ boost ’  treatments of the primary tumor and 
metastatic sites. Historically, all patients were treated with this 
extensive volume based on the erroneous assumption that a large 
proportion of ependymomas are disseminated throughout the 
neuraxis at diagnosis. Retrospective studies have since shown that 
neuraxis irradiation does not improve the survival of patients 
with adequately staged disease compared with focal irradiation 
 [61, 62] . Craniospinal irradiation continues to be employed for 
the less than 7% of patients who present with metastatic ependy-
moma. Doses in excess of 36   Gy, and typically 39.6   Gy, are pre-
scribed prior to boost treatment of the primary (59.4   Gy) and 
metastatic sites ( > 54   Gy). Radiosurgery (high - dose single fraction 
radiation therapy) to small intracranial or spinal lesions has been 
used with limited success as a supplement to craniospinal irradia-
tion or focal fractionated irradiation  [63, 64] . Despite aggressive 
surgery and radiation therapy, disseminated ependymoma is 
extremely diffi cult to cure. Long - term survival rates for this pop-
ulation are unknown but are likely to be in the 20 – 30% range 
when measured at 5 years. 

 Radiation therapy has contributed increasingly to the contem-
porary care of children with ependymoma. This has been made 
possible by the advent of more sophisticated planning and deliv-
ery methods that can reduce the radiation dose to normal tissues 
(Plate  3.2 ). The dosimetric and theoretical safety advantages of 
proton beam therapy should be explored among children with 
ependymoma now that it is becoming increasingly available. It is 
important to note that proton radiotherapy has commanded the 
attention of parents and caregivers and will have a signifi cant 
effect on future protocol development and will likely concentrate 
patients in centers with this capability.   

  Long -  t erm  s ide  e ffects 
 The side effects of ependymoma therapy depend on the age of the 
patient and tumor location, as well as the impact of specifi c treat-
ments on normal tissues. 

moma but is associated with unacceptable toxic death - rates  [40, 
59, 60] . The current strategy in COG is to test the ability of post -
 irradiation chemotherapy to improve event - free and overall sur-
vival in children with ependymoma after gross -  or near - total 
resection. This trial known as ACNS0831 was opened in 2010. It 
will randomize patients between observation after radiation 
therapy and treatment with four cycles of chemotherapy including 
the followingt agents: vincristine, cyclophosphamide, etoposide 
and cisplatin.     

  Radiation  t herapy 
  Focal  i rradiation 
 Most children with ependymoma present with localized disease 
and may be treated with post - operative focal irradiation directed 

     Figure 3.5       Supratentorial ependymoma before (upper) and after (lower) 
gross - total resection. MR T2 - weighted imaging of cystic and solid anaplastic 
ependymoma in the left parietal region.  



Part I Central Nervous System Tumors of Childhood

30

the patient and time after diagnosis. With younger patients tol-
erating aggressive surgery and newer methods of radiation 
therapy, concerns about treatment - related effects give way to 
fears of disease progression and the lack of effective therapy in 
patients who fail frontline treatment. Improving our understand-
ing about side effects of treatment, especially radiation therapy, 
and appreciating that limited objective and prospective data has 
been published about radiation - related side effects, will help 
patients, parents and caregivers make important decisions. 
Proactive surveillance for side effects, regardless of their attri-
bution, will also serve to improve functional outcomes for all 
children.  

  Future  s trategies 
  Continued  i mprovements in the  u se of 
 c onventional  t herapies 
 In the future, risk - adapted strategies for the treatment of ependy-
moma may be developed with knowledge from ongoing clinical 
trials and tumor biology research. The ACNS0121 trial results will 
provide more information about patients who might be observed 
after microscopic complete resection, the value of chemotherapy 
to improve gross - total resection rates, and the feasibility of con-
formal radiation therapy administered in a cooperative group 
setting. Other important fi ndings will include correlation of func-
tional outcomes with the effects of therapy and important infor-
mation about tumor pathology, the value of medical imaging and 
the follow - up care provided to these patients. Current data 

   •      Surgery (including cerebrospinal fl uid shunting) and chemo-
therapy are both associated with relatively rare treatment com-
plications, e.g. incidental infections.  
   •      Exposure of the brain to radiation results in long - term endo-
crine and cognitive defi cits (including learning, memory atten-
tion, and behavior disorders).  
   •      In addition to damaging the hypothalamic – pituitary axis 
(Figure  3.6 ), radiation therapy can disrupt normal growth by 
impacting directly bone and soft tissues within the fi eld of 
treatment.  
   •      Rare but devastating complications of radiation therapy include 
symptomatic vasculopathy, brain and spinal cord necrosis, and 
secondary malignancies. Some patients show changes on MRI in 
brain tissues that receive the highest doses of radiation. These 
changes may be more apparent in children who receive chemo-
therapy and may indicate tissue damage or treatment effects that 
do not necessarily result in serious complications and often 
resolve with time.  
   •      Recent data suggest that IQ after radiation therapy may be 
predicted on the basis of 3 - dimensional radiation dosimetry  [65] . 
If validated, these models should prove useful for designing the 
next generation of clinical trials and in particular implementing 
intensity - modulated radiation therapy.      
 When parents and caregivers seek information about ependy-
moma, their interest alternates between the effectiveness of treat-
ment and the potential for side effects. The balance of concern 
about disease control and side effects is modulated by the age of 

     Figure 3.6     Incidence of hormone replacement 
after conformal radiation therapy. Thyroid (solid 
line), growth (dashed line) and glucocorticoid 
(dotted line) replacement based on 148 patients 
with a median follow - up of 71 months.  
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indicate that local tumor control is greatest among patients with 
differentiated ependymoma who receive 59.4   Gy after gross - total 
resection. Indeed, all patients treated with gross - total resection 
have relatively high rates of local tumor control but distant meta-
static spread has become a more common mode of failure. New 
methods are required to defi ne residual disease at the primary site 
or evidence of metastatic dissemination. There are patients who 
might benefi t from craniospinal irradiation or chemotherapy or 
delays in the administration of adjuvant therapy. Differences in 
outcome need to be determined with optimally treated patients; 
prognostic factors from the past may be less relevant when state 
of the art therapy is administered.  

  Development of  n ovel  t herapies 
 While improvements have been made in the use of conventional 
treatments, these will not cure all patients with ependymoma. 
There is therefore a great need for new treatments of ependy-
moma. Seminal studies of a variety of hematologic and solid 
tumors have identifi ed gene mutations as targets of effective new 
anti - cancer therapies  [66 – 70] . Thus, the charac terization of 
oncogenic mutations in ependymoma could lead to the develop-
ment of new treatments. Further, the recent discovery that epend-
ymomas are derived from radial glia - like cancer stem cells that 
reside in perivascular niches  [26, 31]  has identifi ed a series of 
completely new potential drug targets to treat this disease  [71] .    
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   Introduction 

 Embryonal tumors are the most common type of malignant brain 
tumor to arise during the fi rst and second decades of life  [1, 2] . 
This group of tumors includes a range of different histologic 
disease types (Table  4.1 ). In this chapter we will focus on medul-
loblastoma, the most common childhood embryonal tumor, 
alongside providing a consideration of its rarer embryonal tumor 
counterparts; the supratentorial primitive neuroectodermal 
tumor (PNET) and the atypical teratoid rhaboid tumor (ATRT) 
(see Box  4.1  and Table  4.2 ).      

  Medulloblastoma 

  Histological  c lassifi cation of  m edulloblastoma 
 The latest (2007) World Health Organization (WHO) classifi ca-
tion of tumors of the CNS lists the classic medulloblastoma and 
several variants: desmoplastic, anaplastic and large - cell medul-
loblastomas, and the medulloblastoma with extensive nodularity 
(MBEN) (Table  4.1  and Plate  4.1 )  [3] . 

  Classic  m edulloblastoma 
 This is the most common histologic subtype accounting for 
around two - thirds of all tumors: 
   •      Tumors are composed of small round or ellipsoid cells with a 
high nuclear:cytoplasmic ratio and round - to - oval or triangular 
hyperchromatic nuclei.  
   •      Uniform cells with round nuclei, in which the chromatin is 
less condensed, are frequently intermingled with the hyperchro-
matic cells, and occasionally form the dominant population 
(Plate  4.1 ).  
   •      Cell turnover in most medulloblastomas is high; indices of 
proliferation and apoptosis can be as great as in any other neu-
roepithelial tumor. However, these measures can be unexpectedly 
low in some classic tumors.  

   •      Overall, the mitotic index for childhood medulloblastomas is 
usually in the range of 0.5 to 2%  [5, 6] . The growth fraction, as 
assessed by Ki - 67 immunolabeling, is generally greater than 20% 
 [6, 7] .     

  Anaplastic and  l arge -  c ell  m edulloblastomas  (Plate  4.1 )  
     •      Form a continuum; all large - cell medulloblastomas have 
regions of anaplasia.  
   •      Large - cell and anaplastic tumors make up between 2 and 4%, 
and 10 and 22% of medulloblastomas, respectively  [5 – 7] .     

  Desmoplastic  m edulloblastomas 
 Desmoplastic medulloblastomas encompass the nodular/desmo-
plastic medulloblastoma and the MBEN which contribute 
approximately 7% and 3% of all medulloblastomas, respectively 
(Plate  4.1 )  [7, 8] . 
   •      Defi ned as having a biphasic architecture consisting of regions 
with dense intercellular reticulin and nodular reticulin - free 
zones, in which tumor cells show a neurocytic phenotype  [8] .  
   •      Desmoplasia, a pericellular deposition of collagen in this 
context, and a nodular architecture may occur together or sepa-
rately in medulloblastomas.  
   •      Desmoplasia can be a reactive phenomenon when medullob-
lastoma cells invade the leptomeninges. The desmoplastic his-
topathological sub - type is common in infants ( < 3 years of age; 
 ∼ 50% of cases), but occurs less frequently in older children ( ≥ 3 
years;  ∼ 5% of cases)  [8] .      

  Biology of  m edulloblastoma 
  Genetics and  e pigenetics 
 A series of key non - random molecular genetic and epigenetic 
abnormalities have been identifi ed in medulloblastoma which: (i) 
have informed our understanding of the molecular mechanisms 
underlying its pathogenesis; (ii) identifi ed key signaling pathways 
involved in medulloblastoma and; (iii) offer signifi cant potential 
for improved treatment stratifi cation and/or the identifi cation of 
novel therapeutic targets. 

  Chromosomal  a berrations in  m edulloblastoma 
     •      Abnormalities of chromosome 17 are the most common chro-
mosomal aberrations in medulloblastoma: isochromosome 17q 
(iso(17q)) is observed in approximately 40% of cases  [9 – 13] .  
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   •      Isolated loss of 17p is observed in an additional  ∼ 20% of cases 
 [10, 11, 13, 14] .  
   •      Gain of chromosome 7 occurs in  ∼ 40% of cases.  
   •      Extensive non - random losses of chromosomes 8, 9, 10q, 11 and 
16q are each observed in  ∼ 30% of cases  [11, 13, 15] .     

  Gene  a mplifi cation 
     •       MYCN  (at 2p24) and  MYC  (at 8q24) are the most commonly 
amplifi ed loci occurring in 5 – 15% of medulloblastomas, associ-
ated with the large - cell/anaplastic medulloblastoma variant  [10, 
16, 17] .  
   •      Additional rare gene amplifi cations have been documented 
including  OTX2 ,  NOTCH2 ,  hTERT, MYCL1 ,  PDGFRA ,  KIT , 
 MYB ,  PPM1D  and  CDK6   [18 – 21] . The incidence and biological 
and clinical signifi cance of these events, require clarifi cation.     

  Tumor  p redisposition  s yndromes 
     •      Although only a small proportion of medulloblastomas ( < 5%) 
are associated with an inherited familial predisposition (Table 
 4.3 ), many of the genetic defects which cause these syndromes 
have subsequently been shown to play a more extensive role in 
sporadic medulloblastoma development.  

  Table 4.1    World Health Organization 2007 pathological classifi cation of 
childhood central nervous system ( CNS ) embryonal tumors  [3]  . 

   Medulloblastoma   
  Desmoplastic/nodular medulloblastoma  
  Medulloblastoma with extensive nodularity (MBEN)  
  Anaplastic medulloblastoma  
  Large cell medulloblastoma  

   CNS primitive neuroectodermal tumor   
  CNS neuroblastoma  
  Medulloepithelioma  
  CNS ganglioneuroblastoma  
  Ependymoblastoma  

   Atypical teratoid rhabdoid tumor   

  Table 4.2    Medulloblastoma  /primitive neuroectodermal tumor descriptive 
factors  [4]  . Percentages may not add to 100% due to rounding. 

   Age (years)   
  0 – 3    244 (32%)  
  4 – 9    315 (41%)  
  10 – 14    140 (18%)  
  15 – 19    69 (9%)  
  All ages    768  

   Gender   
  Male    487(63%)  
  Female    281(37%)  

   Ethnicity   
  White    626(82%)  
  Black    70(9%)  
  Other    72(9%)  

   Anatomic location   
  Supratentorial    53(7%)  
  Infratentorial    649(85%)  
  Mixed/overlapping    21(3%)  
  Brain (not otherwise specifi ed)    45(6%)  

  Box 4.1    Key points regarding the epidemiology of 
embryonal tumors. 

        •      Approximately 461 patients younger than 20 years of age are 
diagnosed with embryonal central nervous system tumors in 
the United States each year, the most common form being 
medulloblastoma.  

   •      Peak incidence is between 4 and 9 years of age.  

   •      Predominate in males (7.3 per million relative to 4.2 per 
million in females) and are more common in Caucasians as 
compared with African Americans.  

   •      Arise most frequently in the posterior fossa.     

   •      Mutations of  TP53, APC , and  PTCH  in sporadic medulloblas-
toma have been uncovered through their causative roles in Li -
 Fraumeni, Turcot and nevoid basal cell carcinoma   (NBCC) 
syndromes, respectively  [22 – 26, 28, 29,36 – 42] .  
   •      Fanconi anemia subtype - D1 and subtype - N kindreds associ-
ated with  BRCA2  and  PALB2  mutations carry an increased risk 
of medulloblastoma  [30, 31] . It is not known if these genes are 
mutated in sporadic medulloblastomas.       

  Epigenetic  e vents in  m edulloblastoma 
     •      Epigenetic alterations cause changes in gene expression which 
are not associated with changes in the nucleotide sequence, e.g. 
gene expression silencing caused by hypermethylation of pro-
moter - associated CpG islands  [43] .  
   •      Unlike genetic mechanisms of gene inactivation (e.g. gene 
mutation or deletion), gene silencing by DNA hypermethylation 
is reversible by DNA methyltransferase inhibitors or demethylat-
ing agents, and therefore may represent a potential therapeutic 
target  [44] .  
   •      Multiple loci in medulloblastoma have been shown to be meth-
ylated  [45 – 48] , e.g.  RASSF1A  (in  > 90% of cases),  CASP8  (35 –
 40%) and  HIC - 1  (35 – 40%)  [49 – 55] .  
   •      Epigenetic events may serve as prognostic biomarkers, e.g. 
methylation of  CASP8  has been associated with non - desmoplas-
tic tumors and  S100A6  methylation is associated with the aggres-
sive large cell/anaplastic disease sub - type.  HIC1  methylation 
levels in excess of those observed in the normal brain, and weak 
or low expression of the CASP8 protein, have both been reported 
as independent indicators of poor survival  [48, 51, 53, 56] .      
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  Key  c ell  s ignal  p athways in  m edulloblastoma  t umorigenesis 
 The discovery that genetic alterations target multiple members of 
the same signal pathways has identifi ed these signaling systems as 
key regulators of medulloblastoma tumorigenesis. 

  Sonic  h edgehog  p athway 
 The sonic hedgehog (SHH) pathway plays a key role in normal 
cerebellar development. SHH is secreted by Purkinje neurons and 
promotes mitogenesis in external granule layer (EGL) progenitor 
cells during early development  [57, 58] . Response to the SHH 
signal is controlled through two trans - membrane proteins, PTCH 
and its associated protein  ‘ smoothened ’  (SMO) (Figure  4.1 ). In 
the absence of SHH ligand, PTCH suppresses SMO activity. 
Upon SHH stimulation, this inhibition is removed, leading to a 
SMO - induced transcriptional response, mediated by the activa-
tion and repression of target genes by the  ‘ GLI ’  family of zinc -
 fi nger - containing transcription factors (GLI - 1, GLI - 2, GLI - 3). In 
human cells, suppressor of fused (SUFU), co - operates with 
BTRCP, to inhibit GLI - 1 - mediated transcription. However, the 
mechanisms by which SMO activation is coupled to nuclear pro-
teins in the mammalian SHH pathway are otherwise not well 
understood  [57 – 59] . Key observations regarding SHH signaling 
in medulloblastoma include: 
   •      Aberrant SHH pathway activation by genetic mutation occurs 
in at least 15% of medulloblastomas and include inactivating 
mutations in  PTCH  ( ∼ 10% of cases),  SMO  activating mutations 
( ∼ 5% of cases), and inactivating mutations in  SUFU  (0 – 10% of 
cases)  [37, 38, 41, 42, 60 – 62] .  
   •      Gene expression microarray studies indicate up to 25% of 
medulloblastomas display aberrant SHH signaling suggesting 
mechanisms in addition to mutation of  PTCH ,  SMO  and  SUFU  
components operate in the disease  [63] .  

   •      Mice in which the Shh pathway is aberrantly activated develop 
cerebellar tumors that mimic human medulloblastoma at both 
the histologic and gene expression level (e.g.  Ptch  +/ −   or  Ptch  +/ −  , 
 Tp53   − / −   mice;  Sufu  +/ −  ,  Tp53   − / −   mice;  ND2:SmoA1  mice)  [64 – 67] .  
   •      Aberrant SHH pathway activation appears to be associated with 
development of the nodular/desmoplastic medulloblastoma his-
tological sub - type  [11, 27, 37, 60] . However, the relationship 
between SHH defects and nodular/desmoplastic medulloblasto-
mas is not absolute and pathway activation is also observed in 
classic and large cell/anaplastic tumors  [41, 63] .       

  The  WNT /Wingless ( WNT )  p athway 
 APC   is an essential component of the canonical WNT signaling 
pathway, which is necessary for normal development, including 
roles in the determination of neural cell fates  [58, 68] . The canon-
ical WNT pathway regulates intra - cellular localization of  β  -
 catenin, a key transcriptional activator (Figure  4.1 ). In the absence 
of pathway stimulation,  β  - catenin is phosphorylated and targeted 
for degradation by a complex that includes APC, GSK - 3 β  and 
AXIN1 proteins. Stimulation of WNT signaling destabilizes the 
APC/GSK - 3 β /AXIN1 complex resulting in  β  - catenin accumula-
tion and signaling  [58, 69, 70] . Key observations regarding WNT 
signaling in medulloblastoma include: 
   •      10% of medulloblastomas contain oncogenic mutations in the 
 CTNNB1  gene (which encodes  β  - catenin). Mutations of alterna-
tive pathway components ( APC, AXIN1  and  AXIN2 ) each affect 
a further  ∼ 2.5% of cases  [39, 40, 71 – 74] .  
   •      Nuclear  β  - catenin protein stabilization provides a indication of 
WNT pathway activation in medulloblastoma, and affects 18 –
 30% of cases overall  [72, 75] .  
   •      WNT pathway activation defi nes a unique molecular sub -
 group of medulloblastomas, which display a distinct gene 

  Table 4.3    Medulloblastoma in hereditary cancer syndromes. 

   Syndrome     OMIM     Gene     Locus     Tumour susceptibilities     Risk     Reference  

  Brain tumor - polyposis syndrome 2/Turcot syndrome Type 2    175100     APC     5q21 –
 q22  

  Medulloblastoma 
 Multiple colorectal adenomas  

  79% 
 100%  

   [22, 23]   

  Nevoid basal cell carcinoma syndrome (NBCCS)/ 
 Gorlin syndrome  

  109400     PTCH     9q22.3    Medulloblastoma 
 Basal cell carcinoma  

  3 – 5% 
 100%  

   [24 – 27]   

  Li - Fraumeni syndrome    151623     TP53     17p13.1    Medulloblastoma 
 Multiple primary neoplasms  

   ∼ 2% 
 3 – 25%  

   [28, 29]   

  Fanconi anemia (FA) subtype  ‘ D1 ’  

 Fanconi anemia (FA) subtype  ‘ N ’   

  605724 

 610832  

   BRCA2  

  PALB2   

  13q12.3 

 16p12.1  

  Medulloblastoma 
 Wilms ’  tumor 
 Neuroblastoma 
 Hematological malignancies 
 (pediatric kindred members) 
 Breast cancer 
 (adult kindred members)  

  High     [30 – 32]   

  Rubenstein - Taybi syndrome    180849     CREBBP     16p13.3    Medulloblastoma 
 Other nervous system tumors 
 Neural crest tumors  

  Rare 
 Rare 
 Rare  

   [33]   

  Coffi n - Siris syndrome    135900     –      –     Medulloblastoma    Rare     [34, 35]   
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   •       TP53  mutations have been found in around 10% of sporadic 
cases  [36, 80 – 83] . A further 10% of medulloblastomas may 
contain mutually exclusive alterations in  ARF  (homozygous dele-
tion or promoter hypermethylation); however,  MDM2  amplifi ca-
tion is rarely observed  [80, 83, 84] .  
   •      Elevated expression of the TP53 protein is observed in a signifi -
cant proportion of cases and has been associated with a poor 
clinical outcome  [82, 85, 86] , and disruption of the TP53 pathway 
has been associated with the anaplastic histologic phenotype  [80] .     

  Additional  a berrant  c ell  s ignals in  m edulloblastoma 
     •      Mutations in  PIK3CA , a member of the family of the phos-
phatidylinositol 3 ′  - kinase (PI3K) signaling pathway, have been 
reported in  ∼ 5% of medulloblastomas  [87] , and suggest that 
PI3K, its pathway components, and effectors may play a role in 
medulloblastoma tumorigenesis.  

expression profi le and monsomy 6 and very favorable prognosis 
 [63, 75 – 77] .     

   TP 53 and  a ssociated  p athways 
  TP53  is a critical regulator of the cell cycle and apoptosis, and 
disruption of this gene occurs commonly in multiple cancer 
types. The TP53 pathway includes p14  ARF  , a cell cycle inhibitor 
encoded by the  INK4A/ARF  locus. p14  ARF   expression is induced 
in response to cellular stresses including oncogene activation. 
p14  ARF   stabilizes TP53 by sequestering MDM2 (a negative regula-
tor of TP53), thus diverting cells to either cell cycle arrest or 
apoptosis. Disruption of the TP53 pathway in cancer can occur 
by genetic events including mutation of  TP53 , p14  ARF   inactivation 
(by hypermethylation, mutation, or deletion) or amplifi cation of 
the  MDM2  oncogene  [78, 79] . Key observations regarding  TP53  
signaling in medulloblastoma include: 
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     Figure 4.1     (a), The Sonic hedgehog and (b), Wnt/Wingless cell signaling pathways. Pointed arrows, stimulatory effect. Blunted arrows, inhibitory effect. P, 
phosphorylation. See text for detailed descriptions of each signaling cascade. Mutations in pathway components marked  *  *  have been reported in medulloblastoma, 
associated with aberrant pathway activation. SHH, sonic hedgehog. PTCH, patched. SMO, smoothened. SUFU, suppressor of fused. GLI, GLI family of transcription factors. 
FRZ, frizzled. DSH, disheveled. GSK3 β , glycogen synthase kinase 3 beta. APC, adenomatous polyposis coli protein. AXIN1, axis inhibition protein 1. TCF/LEF, TCF/LEF 
transcriptional complex. CCND1, cyclin D1.  
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  Investigation and  s taging 
  Imaging 
 High - quality neuroimaging is required to stage accurately patients 
with medulloblastoma. For most patients, the initial modality 
used for imaging is computerized tomography (CT) of the head. 
The classic fi nding on CT scans is a mass in the fourth ventricle 
that is hyperdense on non - contrast imaging and enhances uni-
formly with contrast. Occasionally medulloblastomas only 
enhance centrally with contrast or present as hypodense non -
 enhancing masses  [93] . 

 All contemporary protocols stage patients according to the 
results of magnetic resonance imaging (MRI)  [94] . MRI scans of 
the head are usually obtained with and without contrast pre -
 operatively and within 24 – 48 hours of surgical resection. 
Particular care should be taken to identify both the enhancing 
and non - enhancing portions of the tumor on the pre - operative 
MRI, so as to accurately determine the extent of tumor resection 
on the post - operative MRI. Care should also be taken to inspect 
all areas of the brain for metastasis, and especially the frontal 
horns of the lateral ventricles and folia of the cerebellum that are 
often overlooked (Figure  4.2 a - c). Fluid attenuated inversion 

   •      Additional signaling networks, including those regulated 
through the neurotrophin, PDGFR, and ERBB2 receptor families, 
have been implicated by gene expression studies in human 
primary medulloblastomas. However, a genetic basis for their 
disruption has not yet been uncovered  [88 – 92] .       

  Clinical  p resentation 
 The typical presentation of a child with medulloblastoma 
includes: 
   •      Morning headache relieved by projectile emesis.  
   •      Irritability and lethargy.  
   •      Infants whose fontanelles have not fused, often present with an 
enlarging head circumference.  
   •      Ataxia, blurred vision, sixth nerve palsy, deterioration in hand-
writing at school, and on rare occasions back pain in patients with 
bulky spinal metastatic disease.  
   •      Fundoscopy should be included in the examination of any child 
presenting with these symptoms. This will often reveal papille-
dema that is indicative of raised intracranial pressure and man-
dates further investigation.     

a

b

c

     Figure 4.2     Medulloblastoma, showing 
(a), metastasis beyond the thecal sac, 
(b), metastasis in the anterior horn of the lateral 
ventricle, and (c), discrete enhancement in the folia 
of the cerebellum.  
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best confi rmed on CSF that is obtained by lumbar puncture 2 
weeks after surgical resection of the tumor  [97] . Although the 
prognostic signifi cance of several biologic factors have been eval-
uated, none of these factors are currently being used to assign 
disease risk  [8, 85, 98, 99] .   

 Staging of infants is similar to that of older children. Emerging 
data from several studies document that infants with desmoplas-
tic medulloblastoma have an improved survival as compared to 
those infants with either classic or large cell/anaplastic histology 
 [100] . The same principles of staging are utilized for staining 
PNET and ATRT patients. Similar to medulloblastoma patients, 
the extent of resection and presence of metastatic disease are 
important determinants of prognosis.   

  Treatment 
  Infants 
 Surgical resection, neuraxis radiation therapy, and chemotherapy 
are the three modalities that are used to successfully treat children 
diagnosed with medulloblastoma. Due to the devastating conse-
quences of radiation therapy to the young brain, investigators 
have devised research protocols that seek to avoid or delay radia-
tion therapy in children aged less than 3 years  [101, 102]  (Table 
 4.6 ). These studies demonstrated that radiation could be delayed 
or even omitted without compromising survival in a subset 
of medulloblastoma patients younger than 3 years of age at 
diagnosis.   

  Delayed  r adiation 
 The Pediatric Oncology Group (POG) and Children ’ s Cancer 
Study Group (CCG) adopted a delayed radiotherapy approach 

recovery (FLAIR) sequences can often assist in distinguishing 
subtle metastatic disease from non - specifi c enhancement (Figure 
 4.3 ).   

 MRI of the spine can be obtained either pre - operatively or 
10 – 14 days post - operatively. Caution needs to be exercised when 
evaluating the spinal cord for metastatic disease. The entire length 
of the spinal cord needs to be imaged with sagittal T1 sequences 
both pre -  and post - gadolinium enhancement. Note that meta-
static deposits are often located at the tip of the conus or just 
caudal of this point and can be missed if the entire neuraxis is 
not imaged (Figure  4.2 a). Any areas of concern within the spine 
should be reimaged with axial T1 sequences that can help to 
determine the presence of metastases. Since clinical outcome is 
correlated so closely with disease stage, it is recommended that 
all imaging studies of patients treated on prospective clinical trials 
undergo central review. 

 Imaging changes seen during the post - therapy period have 
been known to mimic recurrent disease; hence extreme cau-
tion needs to be exercised when interpreting scans during this 
period  [95] .  

  Risk  s tratifi cation 
 The extent of tumor resection and presence of metastatic disease 
are the key factors that determine disease risk for newly diagnosed 
patients with medulloblastoma (Tables  4.4  and  4.5 ). The current 
system is based on the Chang staging system developed in the 
1960s; however, improvements in surgical management have 
reduced the relevance of the tumor (T) stage component  [96] . 
The presence of tumor cells in the cerebrospinal fl uid (CSF) is 

  Table 4.4    Risk - adapted classifi cation for medulloblastoma (older children)  [77]  . 

        Standard risk     High risk  

  Extent of 
resection  

  Gross total resection 
or    ≤    1.5   cm 2  of 
residual disease  

  Residual disease    ≥    1.5   cm 2   

  Presence of 
metastatic 
disease  

  No metastatic disease    Presence of metastatic disease 
documented by lumbar 
cerebrospinal fl uid cytology or 
gadolinium - enhanced magnetic 
resonance imaging scan of the 
head/spine  

  Table 4.5    Staging of metastatic disease  [96]  . 

  M0    No metastatic disease  
  M1    Tumor cells present in the cerebrospinal fl uid  
  M2    Presence of metastatic disease limited on the intracranial region only  
  M3    Presence of metastatic disease coating the spine  
  M4    Presence of metastatic disease outside the neuraxis  

     Figure 4.3     Fluid attenunated inversion recovery (FLAIR) sequences distinguish 
metastatic disease from non - specifi c enhancement.  



Part I Central Nervous System Tumors of Childhood

40

(POG 8633/34 [termed Baby POG - 1]  [103, 104]  and CCG 921 
trials  [109] ). 
   •      Baby POG - 1: children under the age of 3 years were treated 
with chemotherapy consisting of vincristine, cyclophosphamide, 
etoposide, and cisplatin. Neuraxis radiation was delivered after 1 
or 2 years following diagnosis, but was successfully delayed in 
only 40% of patients. The 5 - year progression - free survival (PFS) 
and overall survival (OS) for all medulloblastoma patients were 
31.8    ±    8.3% and 39.7    ±    6.9% respectively. Patients with non -
 metastatic and gross totally resected tumors (M0R0) had much 
better outcomes, with 5 - year OS of 69%.  
   •      POG study 9233/34 (termed Baby POG - 2) intensifi ed the 
chemotherapy regimen. Patients were randomized between 
standard Baby POG - 1 treatment or an intensifi ed version of Baby 
POG - 1 therapy in which the same drugs were administered at 
higher doses and more frequently. No difference in event - free 
survivial (EFS) or OS was observed between patients receiving 
standard or intensifi ed Baby POG therapy (unpublished data).  
   •      CCG 921  [109]  included children younger than 18 months of 
age. Patients were treated with the  ‘ 8 in 1 ’  chemotherapy regimen, 
followed by delayed neuraxis radiation or focal radiotherapy. 
Only 10% (nine of 91) of patients received the planned radio-
therapy (RT) treatment. Patients with medulloblastoma had a 

  Table 4.6    Summary of outcome for infant studies. 

    S  
  Trial   

    n  
 n  

   5 – year 
 Event - free survival ( ± SE) *   

   5 – year 
 Overall survival ( ± SE) *   

   Reference  

   M0 no residual   
  Baby POG    13        69%     [103, 104]   
  CCG 9921    38    41    ±    8%    54    ±    8%     [105]   
  Early studies that showed that these patients can be cured with chemotherapy and radiation therapy  
  SFOP    47    29% 

 (95% CI 18 – 44)  
  73% 
 (95% CI 59 – 84)  

   [106]   

  HIT – SKK92    17    82    ±    9%    93    ±    6%     [100]   
  Head Start I   +   II (age    >    3 year)    14    64    ±    13%    86    ±    9%     [107]   
  Next generation of studies that showed that  > 70% of infants can be cured with more aggressive chemotherapy or radiation therapy at the time of relapse  

   M0 with residual   
  CCG 9921    23    26    ±    9%    40    ±    11%     [105]   
  SFOP    17    6% 

 (95% CI 1 – 27)  
  41% 
 (95% CI 22 – 64)  

   [106]   

  HIT – SKK92    14    50    ±    13%    56    ±    14%     [100]   
  Head Start I   +   II (age    >    3 year)    7    29    ±    17%    57    ±    19%     [107]   
  Infants with residual disease at the time of surgery had a lower event - free survival despite aggressive combined modality therapy  

   Metastatic (M+)   
  CCG 9921    31    25    ±    8%    31    ±    9%     [105]   
  SFOP    15    13% (95%CI 4 – 38)    13% (95%CI 4 – 38)     [106]   
  HIT – SKK92    12    33    ±    14%    38    ±    15%     [100]   
  Head Start II  *  (age    <    6 year)    21    3 - year EFS 49% 

 (95%CI 27 – 72)  
  3 - year OS 60% 
 (95%CI 36 – 84)  

   [108]   

  Infants with metastatic disease have a dismal prognosis despite aggressive therapy.  

    * The Head Start II protocol only included nine patients  < 3 years of age.   

3 - year PFS of 22%. The outcome for patients with M0R0 disease 
was marginally superior (5 - year PFS 30%)  [109] .  
   •      CCG 9921  [105]  used a strategy of more intensive chemo-
therapy to improve outcome. Children younger than 3 years of 
age were randomly assigned to receive one of two fi ve - cycle 
induction chemotherapy regimens, followed by a uniform 
regimen of maintenance chemotherapy for 56 weeks. Patients 
with residual or metastatic disease were to receive focal radiation 
or neuraxis radiotherapy at the end of maintenance or at 3 years 
of age, whichever came earlier. Only a minority (40%) of patients 
received RT treatment as planned. There was no difference in 
EFS or OS between chemotherapy arms.     

  Neuraxis  r adiation  r estricted to  d isease  r ecurrence 
or  p rogression 
 The Baby Brain Societe Fran ç aise d ’ Oncologie Pediatrique 
(BBSFOP)   trial treated patients younger than 4 years of age with 
conventional chemotherapy alone, reserving radiation (focal to 
the posterior fossa only) combined with high - dose chemotherapy 
and autologous stem cell rescue (ASCR), for patients whose 
tumors progressed or recurred  [106] . The BBSFOP chemotherapy 
regimen resulted in a 5 - year PFS of 29% (95% CI, 18 – 44) for 
M0R0 patients, revealing that this subset can achieve long - term 
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by the small size of the study and inclusion of older children (only 
nine patients under age 3 years at diagnosis were enrolled). 
Children aged less than 3 years with M0 medulloblastoma treated 
on Head Start I and II trials were treated with identical therapy 
as patients with metastatic disease, except they did not receive 
high - dose methotrexate. For patients with M0R0 medulloblast-
oma ( n    =   14) the results of this trial are comparable with those 
of the German group, with 5 - year EFS and OS of 64    ±    13% and 
86    ±    9% respectively (unpublished data). This strategy appears to 
add no benefi t for patients with non - metastatic residual disease 
(M0R1) ( n    =   7), since the 5 - year EFS of 29    ±    17% for this group, 
is comparable to the CCG 9921 trial result of 26    ±    9%, which was 
achieved without the use of myeloablative chemotherapy with 
ASCR  [105] .     

  Older  c hildren with  a verage -  r isk  d isease 
 Collectively, studies conducted among these patients have dem-
onstrated that the addition of adjuvant chemotherapy has 
improved the cure rates for average - risk medulloblastoma (Table 
 4.7 ).   

  Reduced  d ose  r adiation 
 A series of initial studies demonstrated the effi cacy of reduced -
 dose neuraxis radiation (23.4   Gy) with chemotherapy  [110 – 112] . 

  POG - CCG A9961 . Patients were treated with neuraxis radia-
tion (23.4   Gy) and with posterior fossa boost (55.8   Gy); vincris-
tine was administered weekly during radiotherapy. After the 
completion of radiotherapy, patients were randomly assigned to 
groups that received either the standard regimen of lomustine, 
cisplatin, and vincristine or the alternative regimen of cyclophos-
phamide, cisplatin, and vincristine. The 5 - year EFS for the 379 
eligible patients enroled on the study was 81    ±    2% and there was 
no difference in the EFS of either arm of the study  [113] . Based 
on this result, the current Children ’ s Oncology Group (COG) is 
conducting a randomized study that is seeking to reduce further 

survival with no radiation and relatively mild chemotherapy. 
Many patients were successfully salvaged with focal radiation and 
high - dose chemotherapy with ASCR, resulting in a 5 - year OS for 
M0R0 patients of 73% (95% CI, 59 to 84)  [106] .  

  Strategies to  a void  n euraxis  r adiation 
     •      High - dose systemic and intensive intraventricular methotrex-
ate combined with standard chemotherapy  [100] . Using this 
approach, the HITSKK92 trial achieved the best results to date 
for children aged less than 3 years old with M0/M1R0 medul-
loblastoma ( n    =   17), with 5 - year PFS and OS of 82    ±    9% and 
93    ±    6% respectively. Outcomes for patients with residual disease 
( n    =   14) were also somewhat better than in prior series, with 
5 - year PFS and OS of 50    ±    13% and 56    ±    14% respectively. Only 
patients with macroscopic metastasis (M2 – M3) ( n    =   12) faired 
poorly, with 5 - year PFS and OS of 33    ±    14% and 38    ±    15% 
respectively. This study reported no toxic deaths, but there was a 
very high frequency (19 of 23 [83%] evaluated patients) of 
asymptomatic leukoencephalopathy noted on MRI, most likely 
attributable to the intensive use of intrathecal methotrexate. This 
study revealed that the majority of young children without mac-
roscopic metastasis and completely resected medulloblastoma 
can be cured with chemotherapy alone, but at a cost of meth-
otrexate - induced neurotoxicity  [100] .  
   •      Myeloablative chemotherapy with ASCR has also been investi-
gated as an alternative to neuraxis irradation. This approach was 
used by the Head Start II trial, which utilized fi ve cycles of induc-
tion chemotherapy very similar to CCG 9921, but with the addi-
tion of high - dose intravenous methotrexate, followed by a single 
consolidation course of myeloablative therapy using carboplatin, 
thiotepa, and etoposide with ASCR. Using this strategy the Head 
Start II trial has achieved the best results to date for young chil-
dren (defi ned as age less than 6 years in this trial) with metastatic 
medulloblastoma (M1 – M3) ( n    =   21), with 3 - year EFS and OS of 
49% (95% CI, 27 – 72) and 60% (95% CI, 36 – 84), respectively 
 [108] . Though promising, interpretation of these results is limited 

  Table 4.7    Results of prospective clinical trials for older children with standard - risk medulloblastoma. Large prospective studies demonstrating that approximately 80% of 
patients with standard - risk medulloblastoma can be cured with either standard dose (35   Gy) or lower dose (23.4   Gy) neuraxis radiation and adjuvant chemotherapy. 

   Trial     Treatment     Radiotherapy dose (Gy)  

   Neuraxis radiation     PF  

  Average risk (M0R0)  
  CCG 9892 (1990 – 1994)    Reduced dose RT with weekly VCR followed by CHT (VCR, CDDP and CCNU)    23.4    55.8  
  SIOP - PNET3 (1992 – 2000)    Standard dose RT only vs Pre - RT CHT (VCR, VP - 16, CBDA and Cyclo)    35    55  
  HIT - 91 (1991 – 1997)    Pre - RT CHT (Ifos, ara - C, VP - 16, HD - MTX, CDDP) vs Post - RT CHT (VCR, CDDP and CCNU)    35.2    55.2  
  A9961 (1996 – 2000)    Weekly VCR during RT then CCNU, CDDP, VCR vs. Cyclo, CDDP, VCR    23.4    55.8  
  SJMB96 (1996 – 2003)    Reduced dose RT followed by four cycles of high - dose CHT with ASCR (VCR, CDDP and Cyclo)    23.4    55.8  

   EFS, event - free survival. Radiation, radiation therapy. CHT, chemotherapy. RD, residual disease. Neuraxis radiation, craniospinal irradiation. PF, posterior fossa. Cyclo, 
cyclophosphamide. CDDP, cisplatin. VCR, vincristine. CCNU, lomustine. VP - 16 -  Etoposide, MTX, methotrexate; etoposide. 8 - in - 1, 8 chemotherapeutic agents administered 
in one day (consisting of VCR, methylprednisolone, CCNU, CDDP, hydroxyurea, procarbazine, ara - c and cyclo).  * Unless otherwise stated.   
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   •      HIT 91 compared the outcome of patients receiving pre -  or 
post - radiation chemotherapy  [116] . Two - hundred and eighty 
patients were enrolled on the study. Patients with M1 disease and 
residual tumor following surgery were included in the average -
 risk group. Included among the 234 average - risk patients were 69 
patients with residual tumor and 49 patients with M1 disease. 
Once again, these disease risk criteria render any comparisons 
with US study data problematic. Post - radiation chemotherapy 
included eight cycles consisting of lomustine, cisplatin, and vin-
cristine. Radiation for all patients consisted of neuraxis radiation 
(35.2   Gy) and irradiation of the posterior fossa (55.2   Gy). Pre -
 radiation chemotherapy included procarbazine, ifosfamide/
etoposide, high - dose methotrexate, cisplatin, and Ara - C. Patients 
whose tumor responded poorly to the pre - radiation chemother-
apy were given additional chemotherapy consisting of carbopla-
tin, lomustine, and vincristine after radiation. The 5 - year PFS 
estimate for patients in the post - radiation chemotherapy arm was 
78%    ±    6%, whereas that for patients in the pre - radiation chemo-
therapy group was 65%    ±    5% ( P    =   0.03)  [116] . The results for 
the post - radiation chemotherapy arm confi rm those seen in 
United States studies in which a similar approach was used, albeit 
with a lower dose of neuraxis radiation and a more clearly defi ned 
group of average - risk patients.      

  Treatment of  h igh -  r isk  p atients 
 Attempts to improve survival estimates for high - risk patients 
( ≥ 1.5   cm 2  residual disease or presence of metastatic disease) have 
relied on a variety of chemotherapy regimens administered before 
or after radiation (Table  4.8 ). Historically, high - risk patients 

the dose of neuraxis radiation to 18   Gy in patients  ≥ 3 –  ≤  8 years 
of age while maintaining the same degree of disease control.  

  Timing of  r adiation 
 Studies by the International Society of Pediatric Oncology (SIOP) 
have attempted to answer the question of timing of chemother-
apy in relation to radiation. 
   •      SIOP II clearly demonstrated that use of prolonged pre - radia-
tion chemotherapy negatively affects the EFS estimate for aver-
age - risk patients. The negative result could also be attributed to 
the choice of drugs given before radiation, because this chemo-
therapy regimen did not contain cisplatin, a drug that is particu-
larly effective against medulloblastoma  [114] .  
   •      SIOP III compared EFS estimates for patients treated with 
radiation alone with those for patients treated with vincristine, 
carboplatin, cyclophosphamide, and etoposide for four cycles 
and subsequent radiation. The dose of neuraxis radiation was 
36   Gy, and the dose to the posterior fossa was 56   Gy. In contrast 
to United States studies that exclude M1 patients from average -
 risk protocols, patients with M0 and M1 disease were enroled on 
this study; therefore the comparison of these data with those from 
the United States is diffi cult. Of the 217 patients enrolled on the 
SIOP III study, 179 were eligible for analysis. The EFS probability 
at 5 years for the group that received chemotherapy and radiation 
was 74%, whereas that for the group that received only radiation 
was 60% ( P    =    0.036 ). This study confi rms that post - operative 
standard - dose neuraxis radiation alone achieves 5 - year EFS rates 
of between 60 and 65% and that this can be improved with the 
addition of platinum - based chemotherapy  [115] .  

  Table 4.8    Prospective studies documenting poor survival for high - risk patients treated with neoadjuvant chemotherapy. The best results are documented in patients 
treated with high dose neuraxis radiation post -  RT  followed by moderately intense adjuvant chemotherapy. 

   Trial     Treatment     Radiotherapy dose (Gy) 
 Neuraxis radiation  

   PF     5 - year EFS 
 ( ± SE)  *    

  High risk 
 (M1 – M3  ±  R1)  

                

  HIT - 91 
 (M2 – M3) 
 (1991 – 1997)  

  Pre - RT CHT (Ifos, ara - C, VP - 16, HD - MTX, CDDP) vs Post - RT CHT 
(VCR, CDDP and CCNU) 

 Separate results for the two treatment arms were not provided)  

  35.2    55.2    30    ±    15% 
 (3 year EFS)  

  SIOP - PNET3 
 (M2 – M3) 
 (1992 – 2000)  

  Pre - RT CHT 
 (VP - 16 VCR, Cyclo and CBDA)  

  35    55    34.7%  

  CHOP 
 (M1 – M3)  

  Weekly VCR during RT then CCNU, CDDP, VCR    36    55.8    67    ±    15%  

  SJMB96 
 (M1 – M3) 
 (1996 – 2003)  

  Topotecan window pre - RT followed by four cycles of high dose CHT 
with ASCR (VCR, CDDP and Cyclo)  

  36    55.8    70% 
 (95%CI 55 – 85)     − 39.6  

   EFS, event - free survival. Radiation, radiation therapy. CHT, chemotherapy. Neuraxis radiation, craniospinal irradiation. PF, posterior fossa. Cyclo, cyclophosphamide. CDDP, 
cisplatin. VCR, vincristine. CCNU, lomustine. VP - 16, Etoposide. MTX, methotrexate.      *    Unless otherwise stated.   
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stem cell support, over 16 weeks. The 5 - year EFS for 48 patients 
with high - risk medulloblastoma was 70% at 5 years  [77] . This 
study suggests that chemotherapy does signifi cantly improve the 
survival for patients with high - risk medulloblastoma, but the 
timing of chemotherapy in relation to radiation is critical to 
achieve good results. Despite using drugs with proven effi cacy 
against medulloblastoma, neo - adjuvant chemotherapy used for a 
duration of greater than 6 weeks may have a detrimental impact 
on EFS in high - risk patients.    

  Prognostic  f actors 
 Only clinical variables are currently used in the therapeutic strati-
fi cation of patients with medulloblastoma; molecular markers 
and histopathological subclassifi cation do not currently infl uence 
therapeutic strategy. However, variability in outcome exists 
within current clinical risk groups. The accurate identifi cation of 
disease risk thus remains a major goal, as a more robust stratifi ca-
tion of disease - risk would facilitate the targeted use of adjuvant 
therapies; intensive regimens for aggressive tumors and reduced 
long - term side effects for patients with responsive tumors. 

 Assessment of the prognostic signifi cance of molecular defects 
in medulloblastoma has frequently been limited by the retrospec-
tive analysis of individual markers in small, heterogenously 
treated cohorts. Nonetheless, a range of molecular markers with 
prognostic potential have now been identifi ed in trial - based 
studies (Table  4.9 ). 
   •      Markers associated with good prognosis: nuclear immunore-
activity of  β  - catenin  [75, 77] , expression of  TRKC  neurotrophin 
receptor  [90] . The MBEN, which is a tumor of infancy, is associ-
ated with a good prognosis  [122] , and the wider desmoplastic 
variant (including MBENs) has consistently been associated 
with a more favorable outcome in trials - based studies in infants 
 [8, 100] .  
   •      Markers associated with poor prognosis:  a mplifi cation and or 
expression of the  MYC  and  MYCN  oncogenes  [10, 98, 99] , defects 
of chromosome 17  [10] , and expression of the ERBB2 receptor 
tyrosine kinase  [98] . Among the histopathological variants of 
medulloblastoma, an aggressive biological behavior has been 
established for the overlapping large - cell and anaplastic variants, 
which have been associated with a poor outcome in several clini-
cal trial cohorts  [6, 8, 77, 123, 124] .        

  Treatment of  o ther  f orms of  e mbryonal  t umors 

  Atypical  t eratoid  r habdoid  t umors 
 Atypical teratoid/rhabdoid tumor (ATRT) has only recently been 
recognized as a distinct tumor entity from other CNS embryonal 
tumors  [125, 126] . Key features are: 
   •      Highly aggressive tumor.  
   •      Occurs primarily in children younger than 2 years of age and 
frequently presents with metastatic disease at diagnosis  [127, 128] .  
   •      Characterized by alterations in the  SMARCB1  (also known as 
 INI1/hSNF5 ) gene on chromosome 22q11  [129] .  

treated with radiation alone have had 5 - year PFS estimates of 
25 – 40%  [117] . In a trial conducted at fi ve institutions and reported 
by Packer  et al. , the 5 - year PFS probability was 67%    ±    15% for 15 
patients with M+ disease treated with radiation with concurrent 
vincristine and adjuvant chemotherapy consisting of lomustine, 
cisplatin, and vincristine  [118] . The impact of combined modality 
therapy on the PFS probability of high - risk patients has been 
confi rmed in a recently reported POG study (POG 9031)  [119] . 
Of the 224 patients enroled on the study, 94 patients had M+ 
disease. Patients were randomly assigned to groups that received 
three cycles of cisplatin and etoposide either before or immedi-
ately after RT; all patients subsequently received eight cycles of 
cyclophosphamide and vincristine. Patients with M1 disease 
received 35.2   Gy neuraxis radiation, and most patients with M2/
M3 disease received 40   Gy neuraxis radiation with a boost of 
4.8   Gy to gross sites of metastatic disease. The dose of irradiation 
to the posterior fossa ranged from 53.2 to 54.4   Gy. The 5 - year EFS 
estimate for the patients with M+ disease was approximately 55%, 
a result that confi rms the pilot experience of Packer  et al.    

 Another large study in which pre - radiation and post - radiation 
arms were randomized was the CCG 921 study. This study 
enrolled 203 eligible patients with high - risk medulloblastoma; 
188 patients were randomly assigned to two treatment groups. 
The experimental arm got two cycles of  ‘ 8 in 1 ’  chemotherapy 
pre - radiation and then received an additional six cycles of the 
same chemotherapy. In the standard arm, the chemotherapy was 
similar to the study by Packer  et al.  described above  [118] . 
Patients received 36   Gy neuraxis radiation with a further radia-
tion boost to the primary tumor site. The 5 - year estimate of PFS 
for the entire cohort of patients was 54%    ±    5%. Patients treated 
with the standard regimen of lomustine, vincristine, and pred-
nisone had a 5 - year PFS probability of 63%    ±    5%. This estimate 
is similar to those noted from the Packer study and the POG 
study and superior to those achieved with the investigational  ‘ 8 -
 in - 1 ’  regimen  [120] . 

 For high - risk patients, the use of pre - radiation chemotherapy 
for a prolonged period of time yielded results that were clearly 
inferior to those obtained by the use of a shorter window (approx-
imately 6 – 8 weeks of chemotherapy). Results from the PNET III 
trial and the HIT 91 trial that used pre - radiation chemotherapy 
did not demonstrate a survival advantage for patients despite the 
use of drugs that were active against medulloblastoma. The EFS 
for M2 – M3 patients were 34.7% ( n    =   68) and 30% ( n    =   19) at 5 
years and 3 years for the PNET III and HIT trials respectively 
 [116, 121] . 

 The best result for high - risk medulloblastoma to date has 
been published by a consortium of investigators led by St Jude 
Children ’ s Research Hospital. Following maximal surgical resec-
tion of the tumor, therapy consisted of neuraxis radiation (36   Gy 
M0 – M1; 39.6   Gy M2 – M3) with an additional radiation boost 
to the primary tumor bed and a 2   cm margin delivered by a 3 - 
dimensional conformal technique. Six weeks post - completion of 
radiation these investigators used four courses of cyclophospha-
mide - based dose intensive chemotherapy, with hematopoietic 
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  5     SPNET and medulloblastomas are molecularly distinct 
 [138 – 141] .  

   •      SPNET display chromosomal losses affecting 1p12 - 22.1 and 
9p, and gains at 19p, which are not commonly observed in 
medulloblastoma.  
   •      SPNET show a reduced frequency of imbalances involving 
chromosome 17, the most common chromosome defect in 
medulloblastoma  [142, 143] .    

  6     Radiation therapy is an important component of the treatment 
of SPNET (Table  4.10   ). 

    •      Timmerman  et al.  have recommended treating the entire 
neuraxis of patients with SPNET with at least 35   Gy and the 
primary tumor with at least 54   Gy  [144] .  
   •      Massimino  et al.  treated children older than 4 years with 
SPNET with initial chemotherapy and then hyperfractionated 
craniospinal radiation therapy (31.2 – 39   Gy) and boost to the 
tumor site to a total dose of 59.7 – 60   Gy  [145] . After the com-
pletion of hyperfractionated radiation therapy, these patients 
received either standard or high - dose chemotherapy followed 
by autologous stem - cell rescue. The 3 - year EFS for all 15 
patients was 34%.  
   •      In the SIOP/UKCCSG experience by Pizer  et al. , 68 patients 
were treated with radiation therapy that consisted of neuraxis 
radiation (35   Gy) with an additional 20   Gy boost to the primary 
tumor site  [135] . Forty - four of these patients also received four 
cycles of chemotherapy before the start of radiation therapy, 
whereas the others received radiation therapy alone. The 5 - year 

   •      The majority (85%) of ATRTs have inactivation of the 
 SMARCB1  gene, either through homozygous deletions or loss of 
one allele with concomitant mutation of the other copy.  
   •      Older children with ATRT have been successfully treated with 
a combination of complete resection, neuraxis radiation, and 
high - dose chemotherapy with ASCR  [130] . In contrast, possibly 
because of the omission of neuraxis radiation, outcomes for chil-
dren younger than 3 years of age with a highly aggressive tumor 
are dismal. The 2 - year EFS for 28 children less than 3 years old 
treated on the CCG 9921 trial was 14    ±    7%  [105] . Likewise, in 
the St Jude experience reported by Tekautz  et al.  the 2 - year EFS 
for the 22 children less than 3 years of age at diagnosis was 
11    ±    6%  [130] . Effective chemotherapy regimes for young chil-
dren with ATRT remain elusive.     

  Supratentorial  p rimitive  n euroectodermal  t umors 
 i ncluding  p ineoblastoma 
 Supratentorial primitive neuroectodermal tumors (SPNET) in 
children are rare and represent less than 2.5% of childhood brain 
tumors  [131] . Key features are: 
  1     SPNET are histologically similar to medulloblastomas  [132] .  
  2     SPNET are thought to be less curable than medulloblastoma 
(Table  4.10 )  [133, 134]   .  
  3     Higher doses of radiation therapy are used routinely to treat 
SPNET, regardless of the stage of the disease.  
  4     Pineal tumors have a better outcome as compared with non -
 pineal SPNET  [133 – 137] .  

  Table 4.9    Molecular and histopathological markers of disease - risk in medulloblastoma, showing disease features which display consistent associations with prognosis in 
two or more clinical trials - based studies. 

   Disease feature     Method of 
detection  

   Prevalence     Survival 
(risk - group 
vs others)  

   Statistical 
analysis  

   Clinical trial     Cohort age 
range (years)  

   Reference  

   Favorable risk  
Wnt/Wg pathway 
activation - catenin 
nuclear((stabilization)  

  IHC    27/109 (25%)    92% vs 65% 
(5 year OS)  

   P    =    0.006   m      PNET3    3 – 16.8     [75]   

  10/69 (14%)    100% vs 68% 
(5 year EFS)  

   P    =    0.03   u      SJMB96    3.1 – 20.2     [77]   

  Desmoplasia (in infants 
 ≤ 3 years)  

  Histopathological 
assessment  

  20/43 (47%)    85% vs 34% 
(7 year PFS)  

   P     <     0.001   m      HIT - SKK ’ 92     < 3     [100]   

  17/28 (61%)    53% vs 17% 
(5 year OS)  

  NR    CNS9204     < 3     [8]   

   Adverse risk   MYC  
gene amplifi cation  

  FISH    5/84 (6%)    All dead at 
5 years  *    

   P     <     0.001   m      PNET3     > 3     [10]   

  qPCR    5/111 (4.5%)    40% vs 66% 
(7 year OS)  

  NS    HIT  ’ 91    3 – 18     [99]   

  Large - cell/anaplastic 
histology  

  Histopathological 
assessment  

  23/116 (20%)    57% vs  ∼ 80% 
(5 year EFS)  

   P    =    0.04   u      SJMB96    3.1 – 20.2     [77]   

  52/315 (17%)     ∼ 55% vs  ∼ 75% 
(5 year OS)  

   P    =    0.024   m      PNET3    2.7 – 16.4     [8]   

   IHC, immunohistochemistry. FISH, fl uorescence  in situ  hybridization. qPCR, quantitative polymerase chain reaction. OS, overall survival.     EFS, event - free survival. PFS, 
progression - free survival.      m    multivariate analysis.      u    univariate analysis. NR, not reported. NS, not signifi cant. COG, Children ’ s Oncology Group.      *    Cases showing high - level 
gene amplifi cation in  > 25% of tumor nuclei.   



Chapter 4 Embryonal Tumors

45

disease that did not respond to retrieval chemotherapy may not 
be the best candidates for this intervention. The toxicity of this 
approach was also a concern in this early series. Subsequently 
other investigators have further explored the role of high dose 
chemotherapy in patients with recurrent medulloblastoma  [148, 
149] . Recent data has demonstrated that high dose chemotherapy 
has failed to cure patients treated with radiation therapy and 
chemotherapy as part of their initial treatment  [150] . 

 The lack of randomized prospective studies that use HDCT vs 
standard dose chemotherapy for patients with recurrent disease 
make it diffi cult to compare the effi cacy and short -  and long - term 
toxicities between the two approaches.  

  Complications of  t reatment and  i mportant 
 l ate -  e ffects 

 Patients treated with multimodality therapy unfortunately do 
suffer from multiple early and late consequences of therapy. Early 
side effects include the expected side effects of therapy, many of 
which are reversible. Irreversible consequences of therapy are 
hearing loss  [151, 152] , endocrine defi ciencies  [153 – 158] , neuro-
cognitive decline  [159 – 161] , secondary malignancies  [162] , and 
sterility  [163] . Age of the patient and dose of neuraxis radiation 
are key factors implicated in the degree of neurocognitive decline 
with the younger patients who are treated with higher dose irra-
diation suffering the worst decline  [102, 164] . In addition to the 
decline in global IQ, these patients also demonstrate a decline in 
memory, attention, and processing speed  [165 – 167] . Current 
attempts to reduce the dose of neuraxis radiation in standard - risk 
patients are seeking to reduce the degree of neuroendocrine 
and neurocognitive decline in this patient population while 
seeking to maintain a high cure rate  [168, 169] . Current research 

EFS was 40.7% for patients with non - pineal PNET and 71.4% 
for those with pineal PNET (14 patients). The overall 5 - year 
EFS estimate was 47% for the entire group. The addition of 
pre - irradiation chemotherapy did not impact favorably on the 
EFS. This European experience demonstrates the relatively 
good outcome for pineal SPNET compared with non - pineal 
SPNET with all patients receiving at least 35   Gy to the cranios-
pinal axis.        

  Treatment  s trategies for  r elapsed  d isease 

 Considerable debate remains as to the best therapeutic approach 
for patients who have recurrent disease. Infants who have not had 
irradiation as part of their original therapy and have a local 
relapse can clearly be salvaged by surgical resection and local 
radiation    ±    high dose chemotherapy (HDCT)  [146] . For infants 
with metastatic relapse of medulloblastoma, HDCT alone is not 
effective and though neuraxis radiation can salvage a propor-
tion of these patients the neurocognitive outcome is devastating 
 [101, 102] .   

 The outcome for patients with embryonal brain tumors who 
relapse following previous neuraxis radiation and who are 
retreated with  ‘ conventional therapy ’  is abysmal. In this respect, 
HDCT has been widely investigated to improve the outcome of 
such patients. More than a decade ago, Finlay  et al.  published a 
landmark article in which they demonstrated that a subset of 
patients with recurrent brain tumors of diverse histological diag-
nosis could be salvaged with high - dose chemotherapy followed 
by ASCR  [147] . Observations from this early series suggested that 
patients with minimal residual disease at the time of high - dose 
chemotherapy may be the appropriate candidates for this retrieval 
strategy. Patients with bulky, metastatic recurrent disease or 

  Table 4.10    Results   of prospective studies demonstrating that supratentorial primitive neuroectodermal tumors ( PNET ) have an inferior event - free S survival as compared 
with posteria fossa  PNET  despite aggressive therapy. Patients with pineoblastoma have a better prognosis in this age group. 

   Study      n      Radiation dose (neuraxis radiation )     Survival estimates     Pineal/non - pineal     Reference  

  CHOP/CNMC    22    34 – 40   Gy    5 - year PFS, 37%    13/9     [137]   
  CCG    44    36 – 40   Gy    3 - year PFS, 45%    17/27  a       [133]   
  CCG    27    36   Gy for those older than 3 years 

 23.4   Gy for those 1.5 – 3 year ( n    =   9)  
  5 - year PFS, 31%    0/27     [136]   

  HIT 88/89    63    35.2   Gy    3 - year PFS, 39%    11/52  b       [144]   
  CCG    17    36   Gy for those older than 3 years ( n    =   15) 

 23.4   Gy for those 1.5 – 3 years ( n    =   2)  
  3 - year PFS, 61%    17/0     [134]   

  SIOP/UKCCSG    68    35   Gy    5 - year EFS, 47%    14/54     [135]   
  Milan/Rome    15    31.2   Gy for those younger than 10 years 

 39   Gy for those 10 years or older (6 patients)  
  3 - year EFS, 34% 
 3 - year PFS, 54%  

  3/12  c       [145]   

   Neuraxis radiation, craniospinal irradiation. PFS, progression - free survival. EFS, event - free survival.      a    PFS estimate for those with pineal tumors, 61%; PFS estimate for 
those with non - pineal tumors, 33%.      b    Disease in 46 patients was classifi ed as M 0 .      c    Ten patients received high - dose thiotepa and stem - cell rescue after the completion of 
neuraxis radiation (hyperfractionated).     Second tumors developed in two patients. All patients received high dose chemotherapy prior to radiation. CHOP, Children ’ s 
Hospital of Philadelphia. CNMC, Children ’ s National Medical Center. CCG, Children ’ s Cancer Group.   
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which target critical aspects of tumor biology  [182] . International 
collaborations that increase the accrual to clinical protocols and 
tissue acquisition will be a cornerstone to making advances in 
curative strategies for this disease.  
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initiatives are focusing on introduction of intervention programs 
to compensate for the neurocognitive decline  [170] .  

  Novel  t herapeutic  a pproaches 

 There has been a paucity of effective new traditional cytotoxic 
drugs which have shown effi cacy against recurrent medulloblas-
toma  [171 – 174] . In a phase II study in newly diagnosed patients 
with medulloblastoma/PNET, topotecan, a topoisomerase I 
inhibitor with good CSF penetration, showed effi cacy in a third 
of the patients demonstrating response  [175, 176] . However, this 
lack of newer effective chemotherapy agents has impeded the 
development of therapeutic strategies for medulloblastoma. 

 The application of novel small molecule inhibitors targeted 
against specifi c biological pathways offers promise for the 
improved therapy of embryonal brain tumors, with long - term 
potential for the development of therapies tailored to the biologi-
cal profi le of individual tumors, coupled with enhanced drug 
specifi city and reduced toxicity/late - effects. Pre - clinical studies of 
compounds which target pathways constitutively activated by 
gene mutations in medulloblastoma pathogenesis are underway; 
small molecule inhibitors of the SHH pathway show signifi cant 
pre - clinical activity against both xenograft models and tumors 
which arise spontaneously in transgenic ( ptch  +/ −  ;  p53   − / −  ) models 
 [177 – 179] , while effective inhibitors of the canonical Wnt/Wg 
pathway are at much earlier stages in their development  [180] . 
Additionally, inhibitors which target other pathways overex-
pressed in subsets of medulloblastomas (e.g. ERBB2, PDGFR and 
the RAS/MPK pathway) are at various stages of clinical develop-
ment and merit investigation. The identifi cation of specifi c bio-
logical pathways which could be targeted therapeutically in ATRT 
and SPNETs remains the focus of ongoing basic research inves-
tigations. Alongside the potential benefi ts offered by targeted 
therapies, careful consideration must be given to potential toxici-
ties, associated with the delivery to young children of compounds 
which inhibit critical development pathways, in the planning of 
early clinical trials  [181] .  

  Summary and  f uture  d irections 
for  m anagement 

 Therapeutic approaches to medulloblastoma have yielded very 
encouraging results over the last three decades; cure rates have 
gradually increased as a result of improvements in multimodality 
based therapy. Despite these successes, signifi cant challenges 
remain, particularly in improving the long - term neurocognitive 
outcome for survivors and improving the cure rate for infants 
and high - risk presentations. Signifi cant insights have been gener-
ated into the patho - biology of medulloblastoma using advanced 
molecular genetics. Future studies will seek to integrate this 
knowledge into front - line treatment protocols, through the 
development of risk - tailored stratifi cation schemes, and therapies 
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   General  o verview 

 Spinal cord tumors are between eight and 20 times less frequent 
than childhood brain tumors  [1 – 3]  and comprise 3 – 5% of all 
pediatric central nervous system (CNS) neoplasms  [1] . Pediatric 
and adult tumors differ in location and histologies; 60% of intrin-
sic cord tumors in children are intramedullary compared with 
only 15 – 20% of adult tumors. Cervico - thoracic astrocytomas are 
most common in children; rare tumors include malignant astro-
cytoma, mixed gliomas, and primitive neuroectodermal tumors 
(PNET). 

 Intrinsic cord tumors include lesions of various histologies  [4]  
that largely mirror the normal composition of the spine and 
associated coverings. Except for radiation exposure, no specifi c 
environmental factors are implicated; incidence of brain and 
spinal cord tumors are highest in Western, particularly European, 
countries  [1] , and reported to be lower in native and emigrant 
Asian populations, suggesting a strong genetic infl uence on 
tumor incidence. Although intramedullary tumors represent the 
majority of pediatric spinal neoplasms, their overall low inci-
dence and varied histologies has signifi cantly limited prospective 
evaluation. Existing literature report largely retrospective studies 
of adult and pediatric tumors collected over decades; thus extrap-
olation of these data to current practice is diffi cult. Nonetheless, 
management of intra - medullary pediatric tumors has evolved 
based on several observations. 

  Epidemiology and  g enetics 
     •      Sixty to seventy percent present at  > 5 years of age.  
   •      Neurofi bromatosis (NF) types 1 and 2 predispose to spinal 
astrocytomas and ependymomas; one fi fth of children with these 
tumor predisposition syndromes have intramedullary tumors 
 [5] , but only 7 – 10% of lesions are symptomatic  [6, 7] .    

 Malignant spinal tumors occur in the Li - Fraumeni syndrome, 
hereditary non - polyposis coli or Turcot, and rare uncharacter-
ized familial glioma syndromes  [8] .  

  Histology and  c linical  p resentation 
     •      More than 85% of pediatric intra - medullary tumors are benign 
and compatible with long survival.  
   •      Prodromes may span months to years.  
   •      More than 70% present with back pain.  
   •      Other signs at diagnosis include gait disturbances with sensory 
or motor defi cits ( > 50%), spinal deformities ( ∼ 30 – 40%), sphinc-
ter dysfunction ( ∼ 20%) and hydrocephalus ( ∼ 10%).  
   •      Upper cervical tumors may cause torticollis, lower cranial nerve 
and brainstem dysfunction  [9] .  
   •      Spinal tumors in children are associated with disease and treat-
ment - related morbidities that are different to those observed in 
adults.     

  Diagnosis and  c linical  m anagement  (Table  5.1 )    
     •      Full sequence brain and spine magnetic resonance imaging 
(MRI) should be repeated within 24 – 48 hours post - surgery to 
provide an accurate assessment of tumor residuum, since non -
 specifi c changes that confuse image interpretation increase with 
time. Specifi c intra - spinal histology is not predicted reliably by 
MRI.  
   •      Spine X - rays should be performed for associated scoliosis.  
   •      Systemic investigations should be performed only as indicated 
by clinical history or exam.  
   •      Aggressive measures, such as radical surgeries and radiation, do 
not always provide survival benefi ts and may compound treat-
ment - related toxicity.  
   •      Low dose chemotherapy is effective in a proportion of low 
grade astrocytomas, the most common pediatric intramedullary 
tumor.        

  Disease  s pecifi c  i ssues 

  Gliomas  (Box  5.1 )  
  Clinical  p resentation,  i nvestigations and  s taging 
 Spinal gliomas are characteristically large cervical tumors span-
ning fi ve to seven vertebral segments and associated frequently 
with cysts or syrinx (40 – 50%); 5 – 10% are holocord  [16] . Spinal 
deformities, seen in 40%, are associated with long histories, holo-
cord, and lower grade tumors  [14, 17] .   
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tumors present with hydrocephalus due to leptomeningeal 
disease. 

 Spinal gliomas enhance variably therefore diagnostic investiga-
tions should include MRI T2 or FLAIR sequences to delineate 
tumors completely. MRI spine is best for staging as cerebrospinal 
fl uid (CSF) cytology is frequently negative in both benign and 
malignant tumors  [13, 19] . Elevated CSF protein often accompa-
nies leptomeningeal disease  [9]  and may be used to follow treat-
ment response.  

  Treatment of  l ow  g rade  s pinal  a strocytoma 
  Surgery 
 Treatment guidelines for spinal cord gliomas are lacking. Since 
the fi rst reported resection in the early 1900s  [21] , surgery 

 Benign and malignant spinal gliomas manifest similar symp-
toms that differ in onset and severity. Low grade tumors may have 
minimal manifestations even with holocord involvement  [17] ; 
50% of malignant tumors present with signifi cant defi cits. 
Prodromes in low grade tumors span a median of 9 – 12 months 
with 30 – 50% exceeding 1 – 2 years  [17, 18] ; median prodromes in 
malignant tumor is 5 weeks  [19] . 

 Shorter prodromes (median 5 months) are reported in chil-
dren  < 3 years, without correlation to tumor grade, and probably 
refl ects easier detection of motor delays which present in 50% of 
young children at diagnosis  [11] . 

 Intraspinal, leptomeningeal, or intracranial dissemination may 
be seen in both low (10 – 20%) and high grade (30 – 50%) spinal 
tumors  [13, 19, 20] . Twenty to thirty percent of malignant spinal 

  Table 5.1    Differential diagnoses of pediatric spinal tumors. 

   Intradural  –  Intramedullary tumors   
  Astrocytoma  
  Ependymoma  
  Ganglioglioma  
  Hemangioblastoma  

   Intradural  –  extramedullary tumors   
  Myxopapillary ependymomas  
  Nerve sheath tumors (schwannoma, neurofi broma)  
  Meningioma  
  Dermoid/epidermoid  
  Teratoma  
  Lipoma  
  Primitive neuroectodermal tumor  

   Extradural tumors   
  Neuroblastoma  
  Sarcoma  
  Lymphoma  
  Metastatic tumors  

  Box 5.1    Glioma key facts. 

        •      Ninety percent present by 10 years of age  [10] ; and  < 10% are 
seen in children  < 3 years old  [11] .  

   •      Gliomas are the most common intramedullary spinal tumor 
 [2, 6, 10]  (Table  5.2 ).  

   •      WHO grade 1 (juvenile pilocytic astrocytoma [JPA]) and 
grade II (fi brillary astrocytoma) tumors are the most common 
to arise in children.  

   •      Pilomyxoid astrocytoma, a recently described aggressive 
intracranial pilocytic astrocytoma variant, arise occasionally in 
the spine  [12] .  

   •      Less than 10% of spinal tumors are malignant astrocytomas. 
Higher proportions (30 – 50%) reported in multi - institutional 
studies  [13,14]  may refl ect referral biases and differences in 
grading criteria. Approximately 70% of malignant spinal 
gliomas are grade III; grade IV tumors are more frequent in 
patients treated with prior radiotherapy  [15] .  

   •      Malignant spinal gliomas are rare in very young children  [11, 
16] .     

  Table 5.2    Epidemiological features of pediatric intraspinal tumors. 

        Frequency     Median age range     M   :   F ratio     Associated genetic syndromes  

  Astrocytoma     > 50%    5 – 7 years (3 months – 18 years)    1 – 1.3   :   1    NF1, NF2, 
 Li – Fraumeni 
 Turcot  

  Ganglioglioma     < 10%    7 years (7 months – 18 years)    1   :   1    None known  
  Ependymoma    8 – 10%    11 – 12 years    1   :   1    NF2  > NF1  

  Chromosome 22 familial 
ependymoma  

  Myxopapillary ependymoma    5 – 10%     > 8 years    2.2   :   1    Spinal dysraphism  †    
  Klinefelter ’ s syndrome  †    
  MEN  †    

    †    Isolated cases.   
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  Chemotherapy 
 Similar to intracranial gliomas, response and duration of control 
with chemotherapy may be unpredictable for spinal tumors  [26, 
30] . Spinal gliomas are included in several prospective trials of 
vincristine and carboplatin in progressive low grade gliomas. 
These include the North American Children ’ s Oncology Group 
CCG 9952, the German HIT and the European International 
Society for Paediatric Oncology (SIOP) glioma studies. Although 
formal results remain pending, vincristine – carboplatin is often 
used as fi rst line treatment in recurrent spinal astrocytomas 
largely based on promising preliminary reports and published 
data on intracranial tumors. Monotherapy with temozolomide or 
vinblastine has also been used successfully in patients with inad-
equate response or poor tolerance of vincristine - carboplatin  [27] . 
The relative effi cacy of different drugs regimens in primary versus 
recurrent spinal astrocytoma remains unknown. 

 In addition to recurrent tumors, chemotherapy has been used 
in primary treatment of disseminated or inoperable spinal astro-
cytomas  [30] . Although, a small study reported good neurological 
outcome and tumor control after conservative surgery and adju-
vant chemotherapy in patients with focal spinal astrocytoma  [33] , 
the precise impact of chemotherapy on the unpredictable natural 
history of spinal astrocytomas remains to be studied in larger 
populations. In the absence of prospective data, our institutional 
approach for low grade spinal astrocytoma has been: 
   •      Upfront chemotherapy only for patients with signifi cant resid-
ual disease and/or persistent clinical signs/symptoms.  
   •      Stable patients with small or no residual tumor are followed 
clinically and with surveillance MRI.  
   •      Chemotherapy is considered if patients develop persistent clini-
cal signs and symptoms not explained by reactive changes such 
as cysts or syrinx, and/or tumor progression on serial imaging, 
with or without change in clinical status. For symptomatic or 

continues to be an important diagnostic and treatment modality 
for intrinsic spinal tumors. Tumor resectability is dependent on 
histology; circumscribed tumors like JPA are frequently com-
pletely respectable  [22] , radical removal of infi ltrative grade II 
tumors is diffi cult with risk of additional neurological morbidity. 
Early studies advocated radical resection for all spinal tumors  [17, 
23] ; however, longer follow - up studies indicate no signifi cant 
benefi t of radical resection on recurrence risk or overall survival 
for tumors with similar histology  [14, 18, 23] . Therefore, maximal 
safe surgery to improve or preserve neurological function is most 
often undertaken. 

 Over 80% of children with grade 1 spinal gliomas survive  > 10 
years even without radical surgery  [14, 24] . Grade II spinal 
gliomas have variable outcomes and the role of adjuvant treat-
ment for these tumors remains controversial. Multi - institutional 
studies have reported limited benefi ts of radiotherapy for improv-
ing long - term survival of primary and recurrent tumors  [14, 25] . 
Therefore radiation is often deferred or avoided in pediatric low 
grade spinal gliomas to limit toxicity. 

 For progressive or recurrent tumors, repeat surgeries may be 
necessary to limit or reverse neurological symptoms, and may 
alone provide long - term control in a proportion of patients. 
Limited experiences suggest low grade spinal astrocytoma, like 
intracranial gliomas, may be chemoresponsive. Tumor reduction 
or stabilization, with neurological stabilization or recovery, has 
been reported in most progressive spinal tumors treated with 
various agents, including low dose carboplatin - based and more 
intensive regimens (Table  5.3 ). Treatment intensifi cation appears 
to provide no additional benefi ts; the North American CCG 945 
study, which used multi - agent chemotherapy and radiation in a 
small number of patients, reported 5 year progression free sur-
vival (PFS) (67%) and overall survival (OS) (83%)  [26]  compa-
rable to more modest regimens  [27, 28] .    

  Table 5.3    Chemotherapy experience in treatment of low grade spinal tumors. 

   Study     No. of patients     Chemotherapy     Objective response or 
stable disease  

   Histology  

  Packer  et al.  (1993)  [28]     1    Carboplatin/vincristine    1    LGA  
  Lowis  et al.  (1998)  [29]     1    Carboplatin/vincristine    1    LGA  
  Doireau  et al.  (1999)  [30]     6    BB SFOP    6    JPA, OA, A  
  Merchant  et al.  (2000)  [31]     2    CDDP/VP16 

 Carboplatin  
  1    LGA  

  Hassall  et al.  (2001)  [32]     2    Carboplatin    2    JPA  
  Fouladi  et al.  (2003)  [26]          ‘ 8   :   1 ’ chemotherapy    6    LGA  
  Townsend  et al.  (2004)  [33]     4    Carboplatin/vincristine    3    LGA  
  Lafay - Cousin  et al.  (2005)  [27]     1    Carboplatin/vincristine 

 Vinblastine  
  1    LGA  

  Khaw  et al.  (2007)  [34]     3    Temozolomide    3    LGA  
  Mora  et al.  (2007)  [35]     2    Irinotecan/CDDP    2    LGA  

   LGA, low grade astrocytoma. OA, oligoastrocytoma. A, astrocytoma. JPA, juvenile pilocytic astrocytoma.   
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 Unlike in intracranial gliomas, younger patients are reported 
to fare as well or better than older children. A study of spinal 
astrocytoma in children  < 3 years old reported 3 and 5 year PFS 
(81 and 76%)  [11]  comparable to that in older children  [11] . 
Similarly, better 10 year OS (76%) has been reported in children 
 < 7 years compared with those  > 7 years (38% 10 year OS)  [14] . 

 Factors inconsistently correlated with prognosis include tumor 
location, extent and patient gender  [14, 23] .  

  Treatment of  h igh  g rade  s pinal  a strocytoma 
 Malignant spinal gliomas have a 5 – 10 year OS of 20 – 30%. Factors 
associated with poorer outcome include prodrome ( < 2 months), 
grade IV histology, and dissemination  [13, 19, 37] . Glioblastoma 
multiforme (GBM) with leptomeningeal dissemination have 
dismal outcomes with rapid death ( < 2 months) and no reported 
survivors. Extent of surgery trends with better outcome with 
shorter survival reported after incomplete surgery or biopsy  [13] .   

 With only limited survivors reported from heterogenous 
studies, optimal treatment strategies remain unclear. Despite 
upfront post - operative radiation most tumors exhibit distant and 
local progression within 10 months  [15, 19] . Up to two - thirds of 
tumors disseminate at recurrence indicating a need for CNS 
prophylaxis. Best outcomes of 46% 5 year PFS and 54% OS were 
reported in a small cohort of tumors treated with a  ‘ sandwich 
regimen ’  of post - operative  ‘ 8 in 1 ’  chemotherapy and involved 
fi eld, spine, or craniospinal radiation in the North American 
CCG 945 study  [13] . Although objective response to chemo-
therapy was reported in fi ve of ten evaluable patients, the specifi c 
contribution of chemotherapy is unclear as most patients also 
received cranio - spinal irradiation. 

 For localized malignant spinal astrocytoma, the standard 
approach involves maximum safe surgery and focal radiation; 
whether specifi c chemotherapeutic agents, such as temozolo-
mide, add survival benefi ts is unknown. The best approach to 
disseminated tumor is uncertain and may include high dose 
chemotherapy with or without craniospinal radiation.  

  Biological  p rognosticators and  p rospects for  n ovel  t herapy 
of  s pinal  c ord  g lioma 
 Very few dedicated biological studies of spinal tumors have been 
published. Limited observations in the CCG945 study indicate an 
MIB - 1 index  > 7% correlate with worse 5 year OS in low grade 
spinal astrocytoma  [26] . Recent studies link telomere length  [38] , 
tumor vascularity  [39] , infi ltrative histology and myelin basic 
protein expression with recurrence risk in intracranial low grade 
gliomas  [40] . Similarities in clinical phenotypes of intracranial 
and spinal low grade astrocytoma suggest these factors are also 
likely to be relevant to spinal tumors. 

 For malignant spinal astrocytoma, increased mitotic indices, 
necrosis, and endothelial proliferation in grade III tumors are 
reported to correlate with worse outcome  [24] . Whether genetic 
changes such as 1p/19q loss in mixed spinal tumors, and p53 gene 
mutations in grade III/IV spinal tumors have the same prognostic 
implications as intracranial tumors is unknown. 

signifi cant tumor re - growth, repeat surgery is considered prior to 
chemotherapy.  
   •      Radiation is considered primarily for patients who have failed 
several lines of chemotherapy or earlier for patients with tenuous 
neurological function or deterioration on chemotherapy.      

  Clinical  p rognostic  f actors 
 Tumor grade is the strongest predictor of outcome  [9, 14, 18, 25] . 
Bouffet  et al.   [14]  reported progressive decline in 10 year OS of 
83%, 69%, 40% and 0% respectively for grades 1 – 4 spinal astro-
cytoma. Not surprisingly, brief prodromes, increased neurologi-
cal symptoms, and lower baseline function at diagnosis mirror 
aggressive pathology and correlate with decreased PFS and OS 
 [14, 18, 33] . Interestingly, poor post - operative neurological status 
also correlates with worse median survival  [24, 36] , perhaps 
refl ecting more aggressive surgical attempts at infi ltrative tumors. 

 Spinal deformity at diagnosis, refl ecting indolent tumor growth 
with gradual bony displacement  [14, 33] , predicts better outcome 
(Figure  5.1 ).     

a

b

     Figure 5.1     Progressive spinal deformity in a child with holocord low grade 
astrocytoma. (a), Images at diagnosis. (b), Images 9 years later, depict severe 
kyphoscoliosis due to progressive cysts and syrinxes.    
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tumors are most common, while grade 3 anaplastic tumors are 
rare. Grading criteria for ependymoma remains controversial, 
thus reported incidence of anaplastic spinal ependymoma is vari-
able; although smaller pediatric series report incidence of  < 2 – 3% 
 [23] , a large series of 117 tumors reported no anaplastic spinal 
ependymoma  [43] . Clinical presentation resembles that of low 
grade spinal astrocytoma. Some cases may present acutely with 
intra - tumoral hemorrhage after a trivial injury; a small propor-
tion ( < 3%), have signs and symptoms of intracranial metastases 
at diagnosis.  

  Treatment,  o utcome and  p rognosis of 
 i ntramedullary  e pendymomas 
 Pediatric intramedullary ependymomas have excellent outcomes. 
Lonjon  et al . reported 5 and 10 year actuarial survival of 90%, 
and 5 and 10 year PFS of 93% and 70% respectively in the only 
exclusive study of 20 childhood spinal ependymomas  [7] . Similar 
results have been reported from combined retrospective studies 
of adult and pediatric tumors  [54] ; in contrast intracranial 
ependymomas have a PFS of 30 – 50%  [55] . 

 Maximum surgery offers the best long - term outcome with 10 
year OS of 86 – 100% achievable with surgery alone  [7] . Most 
ependymomas are well circumscribed and  > 80% are completely 
respectable  [10] ; subtotal removal results in substantially 
decreased OS  [10, 56]  with ultimate progression in 20 – 50% of 
partially resected tumors. A multivariate study of 126 pediatric 
and adult spinal ependymomas, identifi ed radiotherapy and 
extent of surgery as key predictors of survival. However, only 
surgical extent correlated with 15 year PFS  [25] , thus indicating 
survival advantages of radiation may not be independent of 
surgery. Sustained control of post - radiation relapse has been 
reported with repeat radical surgery  [2, 7] . 

 Adjuvant radiation has historically been advocated for partially 
resected tumors; however, in contrast to sustained remission in 
all patients with complete tumor resection  [7] , up to two - thirds 
of patients with irradiated incompletely resected tumors can 
recur, sometimes 6 – 7 years after radiotherapy. 

 Failures of spinal ependymomas are confi ned to the neuraxis, 
and in the majority of cases to the primary tumor location. 
Recurrent spinal ependymomas may have a higher incidence of 
intracranial metastases (6%)  [57] , thus full re - staging with MRI 
studies and CSF analysis are recommended for recurrent/pro-
gressive tumors.  

  Epidemiology of  m yxopapillary  e pendymoma 
 Less than 10% of childhood spinal tumors are myxopapillary 
ependymomas (MPE)  [58]  compared to 40% of adult spinal 
ependymomas are MPE  [25] .  

  Histopathology and  c linical  p resentation of 
 m yxopapillary  e pendymoma 
 MPE is a distinct histopathological entity fi rst described by 
Kernohan in 1931. These WHO grade 1 tumors typically arise in 
the conus and/or cauda equina and seldom at other CNS sites. 

 Chemotherapeutic approaches to spinal gliomas has largely 
been empirically extrapolated from intracranial tumors. Although 
direct comparative studies are pending, the similar clinical phe-
notypes of intracranial and spinal astrocytoma is suggestive of 
common molecular pathogenesis. Thus, emerging novel thera-
peutics in both low and high grade intracranial gliomas is likely 
to be relevant to treatment of spinal astrocytomas. Promising new 
agents include rapamycin and other inhibitors of mTOR  –  a 
direct NF1 target frequently upregulated in NF1 - defi cient astro-
cytomas  [41] . Modulators of tumor angiogenesis and prolifera-
tion respectively by specifi c tyrosine kinase inhibitors and 
telomerase inhibition are also candidate novel therapies for spinal 
gliomas  [42] .   

  Spinal  e pendymomas  (Box  5.2 )  
  Epidemiology of  i ntramedullary  e pendymomas 
 Only 8 – 10% of childhood spinal tumors are ependymomas  [2, 3, 
6]  in contrast to adults where  > 50% of spinal tumors are ependy-
momas  [43] . Incidence increases with age:  < 10% arise in children 
 < 5 years, and  > 50% are diagnosed in children  > 10 years old 
 [2, 10] .   

 Most tumors are sporadic, however, genetic associations are 
suggested in up to 20% of cases  [44]  (Table  5.2 ) with up to 15% 
reported in NF2 individuals  [7] . Truncating NF2 mutations 
which is associated with earlier onset of NF2 predispose to 
intramedullary tumors  [45, 46]   . NF2 mutations are also frequent 
in sporadic tumors  [47]  and indicate an essential role for NF2 in 
the pathogenesis of spinal ependymoma.   

 Spinal and intracranial ependymomas have distinct genetic 
and biological features. Chr22q loss, NF2 mutations  [47, 48]  
or decreased NF2 protein expression  [49]  seen in 30 – 70% of 
intramedullary ependymomas, are uncommon in intracranial 
tumors  [50, 51] . Intracranial tumors also rarely exhibit chr 7 and 
9 gains that is reported in most spinal ependymomas. Consistent 
with these observations, recent gene expression and genomic pro-
fi ling studies  [52, 53]  indicate derivation of intracranial and spinal 
ependymomas from distinct precursor cell populations  [53] .  

  Histopathology and  c linical  p resentation of  i ntramedullary 
 e pendymomas 
 Intramedullary and intracranial ependymomas have similar his-
tological spectra; World Health Organization (WHO) grade 2 

  Box 5.2    Spinal ependymomas key facts. 

        •      Commonly intramedullary cervico - thoracic tumors of cellular 
histology.  

   •      Conal and cauda equina tumors are less common and 
characteristically of myxopapillary histology.  

   •      Differ genetically from, and have superior outcomes 
compared with intracranial ependymomas.  

   •      Grade I and II tumors are surgically curable.     
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  Novel  t herapeutic  a pproaches to  s pinal  e pendymomas 
 Therapeutic studies of pediatric spinal ependymomas are limited. 
The relatively good outcome of MPE and intramedullary ependy-
moma after surgery and radiation  [72, 73]  has precluded inves-
tigations of novel therapies in these rare tumors. Existing studies 
indicate that spinal and intracranial ependymomas are biologi-
cally distinct  [52,53] . However, whether spinal tumors share the 
chemoresistant phenotypes of intracranial ependymoma is 
unknown. Promising responses has been reported in a few 
patients with recurrent spinal ependymomas or MPE using pro-
longed low dose etoposide with or without tamoxifen  [74, 75] , 
or Gleevec  [76] . Cox - 2 is overexpressed in up to 40% of spinal 
ependymomas  [77] , thus Cox - 2 inhibitors which have demon-
strated promising  in vitro  effects on intracranial ependymomas 
cell lines  [78]  represent additional novel agents. The role of other 
agents with activity against glial tumors  [79] , such as temozolo-
mide, remains unexplored.   

  Rare  i ntramedullary  t umors 
  Gangliogliomas 
     •      Gangliogliomas comprise 1 – 5% of pediatric cord tumors  [31] ; 
higher incidences (27 – 35%) reported in large single institutional 
series  [18, 43]  suggest referral bias.  
   •      Most tumors are WHO grade I lesions with characteristic 
glioneuronal histology resembling cerebral gangliogliomas 
and present as cervico - thoracic or holocord lesions with clinical 
and radiologic features resembling low grade spinal gliomas; 
tumors may disseminate (Figure  5.2   ).  
   •      Spinal gangliogliomas are reported at younger ages (mean age 
7 years) than cerebral tumors.  
   •      Data is limited to case reports  [80, 81]  and one large mixed 
pediatric and adult series  [82] . Treatment approaches have been 
empiric and follow that of other low grade spinal tumors.  
   •      Overall survival at 5 years and 10 years is excellent at 88 – 77% 
with surgery alone. However, spinal tumors have a three -  to four 
fold higher recurrence risk  [83]  and inferior 10 year PFS (58%), 
indicating biological differences between cerebral and spinal gan-
gliogliomas (Figure  5.2 )  [84] .       

  Hemangioblastomas 
     •      Hemangioblastomas are benign vascular lesions that may arise 
sporadically but are characteristically associated with Von - Hippel 
Lindau (VHL) disease.  
   •      They comprise only 15% of all pediatric hemangioblastomas, 
most commonly present in the second decade  [85] .  
   •      They are typically focal with associated syrinx/cysts and avid 
enhancement on MRI.  
   •      Work - up for VHL disease is recommended for all children with 
CNS hemangioblastoma.  
   •      VHL - associated hemangioblastomas may have unpredictable 
growth patterns  [86] ; therefore treatment is usually only under-
taken with persistent and symptomatic tumor growth  [86, 87] . 
Surgery, and more recently microsurgery, with or without embol-
ization is the preferred treatment. SU5416, a VEGF receptor 

Rare cases of subcutaneous MPE are proposed to originate from 
ependymal rests, or vestigial neural tube remnants. MPE are not 
linked to known genetic syndromes. However, rare cases are 
reported in sporadic  [59]  or syndrome - associated spinal dysra-
phism  [60]  . Unlike in intramedullary ependymomas, NF2 gene 
alterations are uncommon in MPE  [48] . 

 MPE are associated with a very favorable clinical outcome thus 
accurate histologic diagnosis is important. Histologically, MPE 
contain ependymal or perivascular rosettes, abundant peri - 
vascular myxoid deposits, low mitotic indices, rare nuclear pleo-
morphism, and frequent hemorrhage. MRI typically shows 
well - circumscribed, avidly enhancing, lumbar lesions with an 
enlarged fi lum, and multiple lumbar and sacral segments with 
associated cysts; tumors may extend to lower thoracic segments 
 [61] . The indolent growth of MPE may result in bony displace-
ment/deformity visible on X - rays. 

 Childhood MPE is typically localized. However, retrospective 
series indicate metastases in up to one - third of new or recurrent 
tumors  [61 – 65] . Metastasis is usually confi ned to the neuraxis 
and may manifest as leptomeningeal infi ltration, subarachnoid 
drop metastasis, or multifocal lesions; rare recurrent MPE involve 
extraneural sites  [64] . Clinical presentation resembles that of 
other low grade spinal tumors with long non - specifi c prodrome 
(median 10.4 months; range 2 – 66 months). Almost all patients 
( > 80%) present with back pain, lower extremity paresthesias, 
motor and gait abnormalities; one -  to two - thirds have sphincter 
dysfunction  [66] . Rare presentation of MPE include subarach-
noid hemorrhage after minor trauma  [67]  and communicating 
hydrocephalus  [68] .  

  Treatment,  o utcome and  p rognosis of 
 m yxopapillary  e pendymoma 
 Only  ∼ 60 cases of pediatric MPE are reported to date; treatment 
approaches are extrapolated from adult data. Overall retrospec-
tive data indicate pediatric and adult MPE have a comparable 
excellent long - term outcome with 85 – 100% 5 year OS  [61, 67] . 

 Surgery is the primary treatment for MPE: 
   •      Complete removal which can be safely achieved in 70 – 90% of 
tumors.  
   •      Adjuvant treatment is unnecessary for completely resected 
MPE  [58, 61, 67, 69] .    

 MPE recurs in 15 – 30% of patients: 
   •      Local recurrence is most common and can occur years after 
initial treatment.  
   •      Incomplete surgery is more frequently associated with disease 
extension beyond the fi lum  [61, 62, 67, 70, 71]  and symptom 
durations  < 1 year  [70]  are associated with diminished 5 and 10 
year PFS.    

 Due to favorable overall outcome of MPE, we generally advo-
cate conservative management with surgery only. For children 
with new or recurrent unresectable tumors, histology and extent 
of tumor residual, time to progression, and risk of clinical dete-
rioration are considered in deciding whether repeat surgery or 
radiation may be used.  
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   •      Spinal deformity is the most signifi cant and common late effect 
seen in almost all long - term survivors; up to 70% of children who 
received post - operative radiation required spondylodesis  [3] .  
   •      Children often have progressive defi cits that peak during 
periods of normal rapid growth. Uncorrected spinal deformities 
in extreme cases can result in cord compression and progressive 
myelopathy.  
   •      All children require routine clinical monitoring for changes in 
neurological status, and imaging as clinically indicated.  
   •      Children who receive spinal or cranio - spinal radiation should 
be followed for growth or thyroid hormone defi ciencies, neuro-
cognitive sequelae, malignant transformation of residual tumor, 
and second malignancies within the radiation fi eld.  
   •      Despite frequent and substantial physical morbidity, surpris-
ingly, a small study reported psychosocial outcomes comparable 
to that of healthy controls in spinal tumor survivors  [91] .     

  Conclusions 

 As childhood intramedullary tumors are rare, establishment of 
treatment guidelines will continue to be challenging. Regardless 
of specifi c treatments, most children with intramedullary tumors 
will have long survival, often with substantial and progressive 
neurological defi cits. Therefore, a multi - disciplinary approach is 
essential both in treatment planning and in follow up to maxi-
mize and preserve neurological function in this highly vulnerable 
population.  

inhibitor, has demonstrated promising results in retinal heman-
gioblastomas  [88]  and is currently on trial for surgically challeng-
ing CNS lesions  [89] . It is exciting to anticipate future applications 
of such therapies for pre - symptomatic intervention in pre - dis-
posed individuals.         

  Strategies for  f ollow  u p and  i mportant 
 l ate  e ffects 

 Despite their benign nature, childhood spinal astrocytoma and 
ependymoma have signifi cant risk of late recurrence or 
progression. 
   •      We follow all patients with low grade spinal tumors with sur-
veillance MRI for 3 – 5 years after completion of treatment. Initial 
MRI are scheduled every 3 – 4 months, and then weaned to an 
annual schedule over 2 – 3 years.  
   •      Up to 50% of children have residual neurological and spinal 
defi cits after treatment. In addition to sensory and motor defi cits, 
bladder/bowel dysfunction may also persist  [2, 18, 90, 91] . 
Worsening neurological symptoms may result from tumor asso-
ciated cyst or syrinx, maturation of an old defi cit (e.g spasticity), 
or progressive spinal deformities and may require neurosurgical, 
orthopedic, or plastic surgery intervention.  
   •      Early post - operative rehabilitation is essential for minimizing 
morbidity, and maximizing functional recovery. Brief low dose 
steroid treatment to relieve cord edema may help early neurologi-
cal recovery  [92] .  

     Figure 5.2     Intracranial and leptomeningeal 
dissemination of a spinal ganglioglioma.    
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   Introduction 

 Craniopharyngioma, mixed glioneuronal, and atypical teratoid/
rhabdoid tumors are among the rarest pediatric brain tumors. 
The treatment of these diseases remains controversial. The mixed 
glial neuronal tumors are a surgical success story with patients 
usually achieving a cure with a high quality of life after surgical 
resection alone. While craniopharyngioma can be cured also, this 
is often achieved at signifi cant price to the child, and there is 
considerable debate within the medical community on how best 
to treat this disease. In contrast, atypical teratoid/rhabdoid tumor 
(ATRT) has a grave prognosis despite aggressive treatment.  

  Craniopharyngioma 

  Epidemiology 
     •      Rare parasellar and sellar tumor accounting for approximately 
1.8 – 4.4% of pediatric intracranial neoplasms  [1, 2] .  
   •      No sex predilection.  
   •      No known geographic distribution bias.  
   •      Frequent juxtaposition to vital structures such as the optic 
apparatus, hypothalamus, cavernous sinus, cranial nerves, and 
the circle of Willis can result in high surgical morbidity.     

  Pathology and  p athogenesis 
 Two subtypes of craniopharyngioma are recognized, the adaman-
tinomatous and the papillary subtypes. 

  Adamantinomatous  s ubtype 
 This occurs in childhood, is often highly calcifi ed and cystic. 
   •      Cysts contain fl uid with a characteristic  ‘ motor oil ’  consistency 
that is rich in cholesterol crystals  [3] .  

   •      The cyst walls contain whorls and sheets of pallisading colum-
nar cells arranged around stellate epithelial cells  [3] .  
   •      Cysts can contain calcium or bone arising from desquamated 
cells of eosinophilic masses termed  ‘ wet keratin ’ .    

 Histologically, these tumors resemble the embryonic tooth and 
therefore, the adamantinomatous subtype is thought to arise 
from epithelial cells derived from stomadeum in the remnants of 
the craniopharyngeal duct  [4] .  

  Papillary  s ubtype 
 The papillary subtype occurs predominantly in adults. 
   •      Typically solid.  
   •      Usually not calcifi ed.  
   •      Well - differentiated squamous epithelium surrounding a fi brov-
ascular core  [4] .  
   •      Thought to arise as a result of metaplasia of the squamous 
epithelial rests in the craniopharyngeal duct remnants.      

  Clinical  p resentation and  i maging  c haracteristics 
 Symptoms at presentation depend on patient age and tumor 
location but often include one or more of three main problems 
 [5, 6] . 
   •      Visual impairment: secondary to compression of the optic 
apparatus. The location of the lesion to some extent predicts 
visual changes, as impairment in acuity is higher in pre - chias-
matic lesions  [7] .  
   •      Headache, nausea, and vomiting: secondary to hydrocephalus 
due to third ventricular compression.  
   •      Endocrinopathies: secondary to compression of the hypotha-
lamic - pituitary axis.    

 Initial CT imaging of craniopharyngioma shows an enhancing 
cystic sellar and/or suprasellar mass with calcifi cation  [8, 9]  
(Figure  6.1  and Box  6.1 ). The solid focus predominates in the 
sella with a suprasellar cystic extension  [10] .      

  Treatment 
 There is ongoing long - standing debate regarding the optimal 
treatment of craniopharyngioma. 
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   •      The longevity of the debate indicates that no single approach 
can be applied to all tumors, children, and families.     

  Surgical  m anagement 
 Surgical management has evolved dramatically since Harvey 
Cushing fi rst attempted to reach the sellar/suprasellar region and 
remove a craniopharyngioma. The advent of the operating 

   •      Some clinicians advocate initial radical resection with the aim 
of achieving cure, improving visual function, and avoiding radia-
tion treatment.  
   •      Others advise a more conservative surgical approach followed 
by adjuvant radiation therapy in an effort to avoid the consider-
able risk of surgical morbidity that includes endocrine dysfunc-
tion, obesity, and neurocognitive decline.  

a b
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     Figure 6.1     Radiographic appearance of 
craniopharyngioma. (a), Non - contrast CT showing 
suprasellar mass with calcifi cation. (b), Axial T1 MRI 
showing suprasellar mass. (c, d), Coronal T1 MRI 
images with and without gadolinium showing 
suprasellar mass, compression of the Foramen of 
Monroe and associated hydrocephalus. (e), Coronal 
T2 images showing the cystic nature of suprasellar 
mass. f, Sagittal T1 MRI of suprasellar mass.  
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   2     The debilitating hypothalamic syndrome is unique to the 
pediatric population and may be underestimated in mixed 
adult and pediatric series  [19] .  
  3     Improved MRI image - based assessment of surgical resection 
suggest recurrence rates may be lower in cases of  ‘ true ’  gross 
total resection.    

   •      Zuccaro reported zero recurrence in the 69% of patients that 
had radiographic gross total resection ( n =153) with a range of 
follow up from 1 to 16 years. Sixty - nine patients required com-
bined surgical approaches  [20] . Mortality rate was of 7%.  
   •      Caldarelli  et al.  reported a recurrence rate of only 7.5% among 
40 patients with radiographic evidence of gross total resection 
(fi ve cases had multiple operations)  [21] . Mortality rate was 3.5%.  
   •      Morbidity was deemed acceptable in both studies, although 
endocrine dysfunction was present in over 80% of patients post -
 operatively in both series.     

  Conservative  s urgical  a pproach 
 Other groups have taken a more conservative surgical approach, 
suggesting that pre - operative imaging characteristics such as 
hypothalamic involvement should guide decisions regarding 
gross total versus subtotal resection  [15, 22] . 
  1     Puget  et al.  reported a prospective study of children with crani-
opharyngioma plus hypothalamic involvement. Treatment 
included subtotal resection and radiation; none of the 22 children 
treated in this manner experienced hyperphagia, morbid obesity, 
or behavioral dysfunction  [22] .  
  2     A review by De Vile  et al.  suggested that the deleterious effects 
of radical surgery can be predicted pre - operatively by:  

   •      Degree of hydrocephalus.  
   •      Tumor size (classifi ed by intracranial compartments 
involved).  
   •      Age less than 5 years.  
   •      Presence of hypothalamic dysfunction at presentation.    

  3     During surgery vascular complications and the degree of 
hypothalamic involvement may predict poor outcome  [15, 23] .  
  4     A more fl exible approach that restricts radical surgical resection 
in those predictive of a good outcome may decrease surgical mor-
tality, and improve cognitive status, but endocrine dysfunction 
and degree of hypothalamic dysfunction remain unchanged  [15] .      

  Radiation  t herapy 
 The serious morbidities associated with radical surgery, coupled 
with the variable rates of recurrence, has lead to the exploration 
of adjuvant treatments of craniopharyngioma  [5, 7, 24 – 26] . The 
most common adjuvant treatment strategy is radiotherapy fol-
lowing subtotal resection. 
  1     The Royal Marsden Hospital reported the largest series of 
patients treated in this manner:  

   •      173 cases of craniopharyngioma, 148 having limited surgery 
plus radiation.  
   •      45% were pediatric patients.  
   •      10 - year progression free and overall survival rates were 83% 
and 77% respectively  [27] .  

microscope, advances in microsurgical technique, and the use of 
image - guided stereotactic surgery have allowed surgeons to 
access the sella/suprasellar regions and make gross total resection 
of craniopharyngioma possible. A variety of surgical approaches 
has been used to reach the sellar/suprasellar region, subfrontal, 
pterional, transcallosal, transtemporal, subtemporal, transfacial, 
transpheniodal, as well as combinations of the above  [12] . 

  Gross  t otal  r esection 
 Proponents of radical resection suggest that in skilled hands with 
modern operating techniques, up front gross total resection 
should always be the goal. Key points relating to gross total resec-
tion of chraniopharyngioma include: 
   •      Recurrence rates following gross total resection range from zero 
to 52.8%  [13] . Van Effenterre and Boch reviewed their series of 
122 adult and pediatric craniopharngiomas with 59% obtaining 
complete resection with an 11% total mortality rate, excellent 
functional outcome in 85% and an 18% recurrence rate  [14] .  

  1     Other contemporary series suggest post - operative endocrine 
dysfunction is present in over 80% of patients, and approxi-
mately 15% of patients suffer from hypothalamic dysfunction 
 [7, 14 – 18] .    

   •      Diabetes insipidus is almost unavoidable: 80% of cases require 
replacement of two or more hormones, and non - endocrine mor-
bidity secondary to hypothalamic damage (obesity, cognitive 
impairment, and decreased sociability) are probably underesti-
mated at 15%  [15, 19] . 

  Box 6.1    Key points regarding imaging of 
craniopharyngioma. 

       1     Can present a wide range of imaging characteristics: 

 T1 MRI sequences:  

   •      Often isointense to hyperintense depending on the protein 
content of the cystic structure.  

   •      Cholesterol clefts, fat, hemorrhage, and calcifi cation can 
contribute to high T1 signal  [11] .    

  T2 MRI sequences: 

    •      Heterogeneous solid component with a high signal in the 
cystic portion  [9] . 

 Gradient Echo images are useful to identify calcifi cation. 

 Diffusion weighted imaging can be useful to exclude an 
epidermoid tumor  [9] .    

  2     Differential diagnosis of lesions in the sella include  [9] : 

    •      Pituitary adenoma.  

   •      Hypothalamic/optic glioma.  

   •      Rathke ’ s pouch cyst.  

   •      Epidermoid, thrombosed aneurysm.  

   •      Simple arachnoid cyst.       
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or at time of recurrence. These cyst cavities have been used as a 
means of delivering chemotherapy or radiotherapy to the lesion 
via catheters placed into the cyst  [41,42] . Catheters are placed 
into the cyst using stereotactic, ultrasonic, or endoscopic guid-
ance and attached to an Ommaya reservoir. Intracavity agents 
have included: 
  1      Bleomycin:   

   •      Takeuchi fi rst used the antitumoral antibiotic, bleomycin, in 
1975 with favorable results  [43] .  
   •      Standard dosing is 2 – 5   ml of bleomycin over a course of days 
to weeks  [41] .  
   •      Bleomycin works on the walls of the cyst and is best used in 
patients harboring monocystic lesions with minimal solid 
components  [44] .  
   •      The majority of studies show at least 50% reduction (from 
50 to 100%) of the cystic component in a majority of patients 
undergoing this therapy for purely cystic craniopharyngiomas 
 [45, 46] .  
   •      Toxicity has been reported with the use of intracavitary 
bleomycin. Death (rare) and hypothalamic injury secondary 
to bleomycin leakage outside the cyst walls, and acoustic 
nerve injury, optic neuritis, and vascular injury as a result of 
leakage into the subarachnoid space have been reported 
 [47 – 50] .  
   •      Most authors support continual MRI evaluation during 
treatment to monitor for leakage and high - dose steroids to 
control bleomycin toxicity  [41, 50] .    

  2     Interferon alpha (IFN -  α ): 
    •      Used in the treatment of cystic craniopharyngioma.  
   •      Followed the use of systemic IFN -  α  that demonstrated mod-
erate activity against craniopharyngioma  [51] .  
   •      Cavalheiro  et al . used IFN -  α  intralesionally via a catheter 
inserted subfrontally and attached to an Ommaya reservoir in 
10 patients  [52] . Patients had alternative days of IFN -  α  admin-
istration and cyst drainage with seven of the 10 having com-
plete disappearance of the cyst in follow - up imaging  [52] . This 
same group reported on these initial 10 patients plus 11 more 
in 2007, follow up ranging from 6 months to 4 years, 11 of 21 
had a complete response, 7 of 21 had a partial response and 
three were non - responders  [53] . It is unclear to what extent 
the reduction in lesional size can be attributed to IFN -  α  versus 
cyst decompression.    

  3     Intracavitary irradiation: 
    •      Most commonly yttrium - 90 and 32 - phosphorus have been 
employed to treat cystic craniopharyngioma. Lack of cyst pro-
gression ranges from 55 to 100%  [42, 54 – 60] .  
   •      Toxicity to intracavitary irradiation includes amarosis, 
chemical meningitis, moyamoya vessel changes, and death  [24, 
56, 58] .       

  Conclusion 
 The optimal treatment of craniopharyngioma remains unclear. 
Arguably, the most strategic approach accounts for patient factors 
such as pre - operative endocrine and hypothalamic function, age, 

   •      Younger age, and modern radiation therapy techniques were 
predictive of survival, but extent of surgical resection was not 
 [27] .    

  2     Boston ’ s Children ’ s Hospital series: 
    •      61 patients, 37 patients treated with radiation (mean dose of 
54.6 Gy) and surgery.  
   •      10 - year survival 91%.  
   •      After 10 years of follow up there was statistical advantage in 
local control rates when radiation was employed  [24] .  
   •      Diabetes insipidus and pituitary defi ciency rates may be less 
than in aggressive surgical counterparts  [24,27] .    

  3     University of Pennsylvania: 
    •      10 year control rate was signifi cantly lower (42% vs. 84%) 
among patients receiving surgery alone versus subtotal resec-
tion and radiation.  
   •      Survival rates were similar for the two groups, and were 
attributed to the effi cacy of salvage radiation  [28] .    

  4     Neurocognitive and neuropsychological sequelae from subto-
tal surgery and radiation may be less than that following radical 
surgery alone  [29 – 31] .  
  5     Radiation may be useful as a salvage strategy following recur-
rence after surgery  [29] .    

 Radiation therapy is not without serious complications. The 
proximity of the optic apparatus (tolerance of 54 Gy/30 fractions 
or 8 – 9 Gy in a single fraction), brainstem, hypothalamus, and 
pituitary present the same restrictions to radiation as they do to 
aggressive surgical treatment. The majority of these complica-
tions are dose related and must be balanced with the advantage 
of surgical sparing. 
  1     Optic neuropathy:  

   •      Does not appear to occur in patients treated with 1.5 Gy 
fractions to total doses of 50 Gy  [27] , but may result when the 
total dose exceeds 60 Gy  [32] .    

  2     Neurocognition: 
    •      Children less than 3 years are at particular risk.  
   •      Surgical management, either radical resection or temporiz-
ing surgery, is indicated until such time as radiation is deemed 
safer.    

  3     Vasculopathy, and of moyamoya syndrome: 
    •      Advances in stereotactic surgery, such as the gamma knife, 
may show some benefi t. However, large and long - term studies 
are still pending and currently only small lesions  < 2.5   cm that 
are  < 3   mm away from the chiasm are amenable to radiosurgery 
 [33 – 35] .    

  4     Second malignancy: 
    •      While rare, ependymomas, meningiomas, brainstem glioma, 
and glioblastoma multiforme have all been reported after radi-
ation therapy for craniopharyngioma  [28, 36 – 40] .  
   •      In the Royal Marsden series with a follow up of 12 years, no 
secondary malignancies have yet been reported  [27] .       

  Intracavitary  t reatments 
 Approximately 90% of craniopharyngiomas will present with 
cystic cavities as a portion of the tumor, either at initial diagnosis 
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mately 50% showing enhancement  [10] . On T1 MRI imaging the 
mass is hypo -  to iso - intense to grey matter with possible associ-
ated areas of cortical dysplasia and broadening of the gyrus. T2 
imaging shows a hyper - intense signal  [67] . 

 Complete surgical resection is curative, with only 3% of 
patients experiencing recurrent tumor and a 7.5 year survival rate 
of 97%  [65] . Complete and sustained seizure relief after resection 
will be experienced by 60 – 84% of patients  [65, 68] . Given the 
success of gross total resection there is little role for adjunctive 
chemotherapy or radiation in low - grade GG. Recurrences can 
usually be treated with re - operation  [69] . The role of adjunctive 
therapy for completely resected high grade GG is limited given 
the rarity of the lesion, with some authors showing no difference 
between progression free survival rates regardless of grade in the 
setting of gross total resection  [69] . However, adjunctive therapy 
is recommended in those instances where subtotal resection of a 
high - grade lesion has occurred  [69] .  

  Desmoplastic  i nfantile  g anglioglioma 
 Desmoplastic infantile ganglioglioma (DIG) is a very rare tumor 
that occurs predominantly in infants with a peak age of occur-
rence between 3 and 6 months  [70] . Recent case reports have 
shown DIG can occur in older patients (eldest 25 years of age) 
 [71 – 74] . The disease was fi rst described in 1987 by VandenBerg 
 et al.   [75]  as a tumor displaying: 
   •      Divergent astrocytic and ganglionic differentiation.  
   •      Prominent desmoplastic stroma.  
   •      Voluminous size.  
   •      Cystic component.  
   •      Presentation within the fi rst 18 months of life.  
   •      Good prognosis.    

 The World Health Organization (WHO) classifi es DIG as a 
grade I neoplasm. With the exception of one case in the literature, 
DIG occurs almost exclusively supratentorially  [71] . Imaging 
refl ects a solid superfi cial mass or plaque attached to the dura and 
associated with a large septated cystic component (Figure  6.2 ). 
The solid portion of the tumor is hyperdense on CT with marked 
contrast enhancement; on MRI the solid portion is hypointense 
on both T1 and T2 sequences  [70] . The cystic portion does not 
enhance with contrast, and usually is large enough to cause ven-
tricular compression  [10] .   

 Given the young age at presentation and the large size of DIG, 
patients present with a brief clinical history. Signs and symptoms 
of intracranial hypertension predominate, including a rapidly 
enlarging head circumference, bulging anterior fontanelle, cranial 
bulge at tumor location, lethargy, and vomiting  [70] . 

 The treatment of choice is gross total surgical resection result-
ing in an excellent prognosis  [76] . However, gross total resection 
is attainable in less than 50% of cases  [70, 76] . There are too few 
case studies to determine the effectiveness of adjunctive chemo-
therapy in these residual cases. Follow up of these residual tumors 
often shows no growth, or diminishing growth over time, and 
thus the majority of neuro - oncologists delay adjunctive chemo-
therapy until progression occurs  [71] .  

and imaging characteristics such as cystic size, and degree of 
hypothalamic involvement.   

  Mixed  g lioneuronal  t umors 

  Overview 
 Mixed glial neuronal tumors present a rare, interesting, and 
diverse group of tumors (Box  6.2 ).    

  Ganglioglioma 
 Gangliogliomas (GG) represent 1% of all primary intracranial 
neoplasms and 4% of pediatric central nervous system (CNS) 
neoplasms. Of all tumors associated with epilepsy, 40% are iden-
tifi ed pathologically as GG  [62] . Histologically, GG are comprised 
of a dysplastic neuronal component and a variable glial compo-
nent: pilocytic astrocytoma (93%), fi brillary astrocytoma (6%) 
 [65] . The diagnosis may be aided by the identifi cation of the 
marker CD34 in the neuronal component  [61] . Malignant trans-
formation of the glial (anaplastic or glioblastoma multiforme) 
constituent is rare, but occurs in approximately 2% of cases  [65] . 

 Clinically, the majority of GG present in patients with a history 
of epilepsy  [66] . The most common location is the temporal lobe: 
temporal mesial (50%) and temporal lateral (29%)  [65] . However, 
GGs can occur in the brainstem, spinal cord, mid - brain, as well 
as other cortical locations. On imaging they appear as circum-
scribed solid or cystic lesions, which are hypo -  to iso - dense on 
non - contrast CT, with or without calcifi cation, with approxi-

  Box 6.2    Key facts about mixed neuronal glial 
tumors. 

       1     Comprised of large dysplastic neurons mixed with a back-
ground of neoplastic glial cells. The World Health Organization 
(2007) recognizes six variants of mixed neuronal glial tumors:  

   •      Ganglioglioma.  

   •      Anaplastic ganglioglioma.  

   •      Desmoplastic infantile ganglioglioma (DIG).  

   •      Papillary glioneuronal tumor.  

   •      Rosette forming glioneuronal tumor of the fourth ventricle.  

   •      Benign biological behaviour and a low proliferative index 
 [61, 62] .    

  2     As a group they usually present with epilepsy in the pediatric 
population and are probably related to the focal cortical 
dysplasias  [62] .  

  3     Cortical dysplasia can often be found in the cortex adjacent 
to the glioneuronal tumor and it has been postulated that the 
focal cortical dysplasias and the glioneuronal tumors 
originate from the same precursor cells and/or the tumor 
arises from dysplastic cortical tissue  [62 – 64] .     



Chapter 6 Rare Brain Tumors

67

imaging reveals a hypoattenuating cortical/subcortical lesion with 
possible calcifi cation (20 – 36%)  [10] . DNETs are usually non -
 enhancing. However, faint or patchy enhancement may be seen 
in up to 20% of cases and this may indicate a higher rate of recur-
rence  [10] . A multinodular hypointense lesion on T1 - weighted 
and hyperintense lesion on T2 - weighted MRI sequences is char-
acteristic. Again, faint contrast enhancement can be seen in 
approximately 20% of cases  [10] .   

 Treatment of DNET is surgical resection, either complete or 
partial with no adjunctive chemotherapy or radiotherapy required 
 [81] . Clinically, DNET comprise 14% of epilepsy associated 
tumors  [64] . Given the rarity of this lesion most series include 
DNET with other low grade gliomas in determining favorable 
seizure control rates after surgery (Engel class I rates of 50 – 90%) 
 [64, 77, 81 – 86] .   

  Atypical  t eratoid  r habdoid  t umors 

 Malignant rhabdoid tumors were fi rst described as a highly 
malignant subtype of Wilm ’ s tumor  [87] . It is now recognized 

  Dysembryoplastic  n euroepithelial  t umor 
 Daumas - Duport et al. fi rst described dysembryoplastic neuroepi-
thelial tumor (DNET) in 1988 as a tumor characterized by the 
following features: 
   •      Indolent and highly epileptogeneic.  
   •      Multiple nodules composed of astroyctoma, oligodendrogli-
oma, and oligoastrocytoma intermixed with foci of dysplastic 
cortical organization arranged in columns perpendicular to the 
cortex  [77, 78] .    

 Focal cortical dysplasia is present in the surrounding cortex, 
suggesting this lesion is in the spectrum of a malformation. Reports 
of malignant transformation are rare and is usually from the glial 
component  [79] . DNETs typically present as medically refractory 
seizures in children and young adults prior to the age of 20  [77] . 

 The CT and MRI imaging are quite characteristic for DNET. 
DNETs are most commonly found in the temporal and frontal 
lobes. However, subcortical locations have been described  [67]  
(Figure  6.3 ). DNETs are usually well circumscribed, wedge -
 shaped lesions involving a single expanded gyrus. They are typi-
cally described as  ‘ bubbly ’  in appearance. There is often 
remodeling of the cranial vault overlying the lesion  [80] . CT 
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     Figure 6.2     Radiographic appearance of 
desmoplastic infantile ganglioglioma. 
 (a), Sagittal T1 MRI showing large cystic lesion. 
(b, c), Coronal and axial T1 MRI with gadolinium 
showing a large non - enhancing cystic lesion 
associated with an enhancing solid portion. There is 
a large mass effect and ventricular compression. 
(d), Axial T2 MRI showing the large cystic 
component of the tumor.  
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  Histology and  m olecular  b iology 
 AT/RT was diagnosed initially on the histological presence of 
rhabdoid cells (bland cells with eosinophilic cytoplasm)  [97] . 
However, only a minority of AT/RT is composed entirely of nests 
or sheets of rhabdoid cells. Two - thirds of AT/RT contain rhab-
doid cells intermixed with areas indistinguishable histologically 
from primitive neuroectodermal tumors (PNET) or medullob-
lastoma  [89] . This variability underscores the importance of sam-
pling error when biopsies for AT/RT are performed. AT/RT can 
less commonly resemble choroid plexus carcinoma, ependy-
moma, germ cell tumors, or glioblastoma  [90, 91] . Improved 
understanding of the pathology and molecular biology of AT/RT 
has increased diagnostic accuracy considerably. 

 The majority of AT/RT stain positive for EMA (embryonal 
membrane antigen), vimentin, cytokeratin and SMA (smooth 
muscle actin), whereas PNET are histologically negative for these 
markers  [91, 97] . AT/RT do not stain for germ cell markers such 
as alpha - fetoprotein, placental alkaline phosphatase, or human 
chorionic gonadotropin, allowing for differentiation from germ 
cell tumors  [97] . 

 Cytogenetic studies of AT/RT reveal minimal genetic altera-
tions and lack of the classic isochromosome 17q typical of medul-
loblastoma  [98] . 

that rhabdoid tumors occur throughout the body. Biggs  et al.  
fi rst described the malignant intracranial rhabdoid tumor in 
1987  [88] . These tumors were fi rst termed atypical teratoid rhab-
doid tumors (AT/RT) in a landmark paper in 1995 because of 
their histological constellation of neuroepithelial, peripheral epi-
thelial, and mesenchymal elements  [89] . The WHO fi rst recog-
nized AT/RT as a separate tumor entity in 2000. 

  Epidemiology 
     •      AT/RT comprise 2 – 3% of all pediatric CNS tumors.  
   •      AT/RT comprise 10 – 20% of primary intracranial malignancies 
in infants  [89, 90] .  
   •      Median age of diagnosis is 20 months.  
   •      Slight male predominance of 1.6:1  [89 – 91] .  
   •      Occur both supratentorially and infratentorially, notably in the 
cerebellopontine angle and cerebellum  [90] . AT/RT have been 
reported to occur as intradural extramedullary/intramedullary 
lesions in the spine  [92 – 96] .  
   •      At the time of presentation approximately 20% of patients will 
have disseminated disease  [90] . Prior to the advent of intense 
multi - modal therapies, the vast majority children succumbed to 
their disease within a year  [90] .  
   •      Two - year survival rate for AT/RT is around 15%.     
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     Figure 6.3     Radiographic appearance of 
dysembryoplastic neuroepithelial tumor. (a, c), Axial 
and sagittal T1 with gadolinium images showing a 
left frontal non - enhancing hypodense lesion 
expanding the gyrus. (b, d), Coronal T1 and T2 MRI 
images.  
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features. Other signs and symptoms include cranial nerve palsies, 
ataxia, hemiplegia, reversal of motor milestones and head tilt. 
Supratentorial lesions may present with seizure, focal cortical 
neurological symptoms, and regression of previously attained 
milestones  [90, 109] . Given the aggressive nature of AT/RT the 
duration of symptoms are relatively short prior to diagnosis.  

  Imaging  c haracteristics 
 There are no distinguishing features on radiographic imaging 
that specifi cally distinguish AT/RT from other fourth ventricular 
tumors such as medulloblastoma (MB), ependymoma, choroid 
plexus carcinoma and cerebellar astrocytoma (Figure  6.4 ). 
Similarly to MB, the solid portions of AT/RT are predominantly 
hyperdense on CT, due to the tumor ’ s high cellularity  [109, 110] . 
The lesions commonly contain cysts, hemorrhagic foci (in con-
trast to MB), and fl ecks of calcium  [94, 110 – 112] . There is het-
erogeneous contrast enhancement on CT. AT/RT are usually 
isointense on T1 - W with foci of hyperintensity corresponding to 
areas of hemorrhage or cysts  [110, 111, 113 - 117] . T2 images show 
heterogeneous areas within the tumor bed refl ecting cystic and 
hemorrhagic areas. Administration of gadolinium results in het-
erogeneous enhancement and may reveal leptomeningeal spread, 
although a minority of AT/RT will homogenously enhance or not 
enhance at all  [110] . In fact, 20 – 30% of imaging studies show 
leptomeningeal spread at initial imaging studies  [90, 110, 117, 
118] . Unlike AT/RT, cerebellar astrocytomas tend to have cystic 
lesions with an enhancing mural nodule with no evidence of 
leptomeningeal spread. In contrast to AT/RT, ependymomas can 
be seen to extend through fourth ventricular outlets (Magendie 
and Luschka). Unlike MB, supratentorial PNETs often show 
areas of hemorrhage and calcifi cation making the differential 
diagnosis more diffi cult.    

  Treatment and  o utcome  s tudies 
 Three major series have reported outcomes of AT/RT. Given the 
close similarity between AT/RT and other tumor types that can 
display very different prognoses, it is important to consider the 
diagnostic tools used when assessing the validity of studies of the 
clinical outcome of AT/RT. 

 The landmark paper defi ning AT/RT by Rorke  et al.  included 
52 infants and children with microscopically diagnosed AT/RT. 
  1     Diagnosis:  

   •      Fluorescence  in - situ  hybridization (FISH) was performed on 
15 cases, nine of which showed abnormalities of chromosome 
22.  
   •      INI - 1 nuclear staining was not yet described at the time of 
publication  [90] .    

  2     Chemotherapy: 
    •      Thirty - nine children received chemotherapy by a variety of 
protocols (baby POG, augment baby POG, high dose chemo-
therapy with stem cell rescue). Six had a documented 50% 
reduction in tumor mass. Ten children were treated with 
chemotherapy after relapse: none had an objective response to 
treatment.    

 Biegel  et al.  showed a high proportion of rhabdoid tumors have 
monosomy of chromosome 22  [98] . Further analysis revealed 
that a specifi c region of chromosome 22, 22q11.2 was deleted or 
translocated in AT/RT  [95] . Using cloning strategies integrase 
interactor - 1 ( INI - 1 ) was identifi ed as the putative tumor suppres-
sor in rhabdoid tumors  [99] . 

 INI - 1 is part of the SWI/SNF complex: 
   •      Remodels chromatin by disrupting the nucleosome and remov-
ing DNA from the histone octamer surface  [100] .  
   •      Allows the SWI/SNF complex to transcriptionally activate or 
repress specifi c genes, although the signals for recruiting SWI/
SNF to specifi c gene targets has yet to be elucidated  [101] .  
   •      Truncating germline mutations of  INI - 1  have been described 
by several groups with loss of the remaining wild type allele 
within the rhabdoid tumor  [99, 101] .  
   •      Heritable truncating germline mutations of  INI - 1  predisposing 
to rhabdoid tumors  [102, 103] . Interestingly, in each case there 
was an asymptomatic adult carrier of the  INI - 1  mutation.  
   •      Deletion of  Ini - 1  in mice is embryonically lethal; however, 
5 – 10% of haploinsuffi cient mice (developmentally normal) 
develop rhabodid tumors later in life  [104, 105] .  
   •      The precise mechanism of  INI - 1  tumor suppressor function has 
yet to be determined but current studies suggest it may play a role 
via the p16INK4a/cdk4/RB pathway  [106] .  
   •      Two large series have been published that describe lack of INI1 
nuclear staining as a marker for AT/RT:  

  i     Judkins  et al . reviewed 53 pediatric CNS tumors. Twenty - fi ve 
tumors had a microscopic diagnosis of AT/RT. Nineteen of the 
AT/RT had  INI - 1  mutations, and one had lack of  INI - 1  RNA 
expression. All of these tumors had lack of INI - 1 nuclear stain-
ing. Five of the microscopic AT/RTs were re - classifi ed as PNET 
due to a lack of  INI - 1  mutation, and the presence of INI - 1 
nuclear positivity on immunohistochemistry  [107] . Four of 
these fi ve lacked the robust EMA staining typical of AT/RT. Of 
the 53 tumors, only two had negative nuclear staining for INI - 1 
without a diagnosis of AT/RT, one was a recurrent ependy-
moma (which on re - biopsy showed characteristic rhabdoid 
cells) and the other was an oligodendroglioma  [107] .  
  ii     Haberler  et al.  reviewed a larger series of 289 pediatric CNS 
tumors. All 17 tumors microscopically diagnosed as AT/RT 
lacked INI - 1 nuclear staining. Six medulloblastomas and two 
PNET microscopically had negative INI - 1 nuclear staining. 
These eight cases were re - reviewed and found to harbour no 
rhaboid cells. However, six of eight were positive for EMA 
 [108] . In two of the eight post - mortem analysis of the tumor 
tissue found small focal areas of rhabdoid tumor cells, under-
scoring the importance of INI - 1 nuclear staining in AT/RT 
diagnosis.       

  Clinical  p resentation 
 Signs and symptoms are dictated by both tumor location and age 
at presentation. Posterior fossa tumors often present with symp-
toms of hydrocephalus. Therefore vomiting, lethargy, irritability, 
headache, and macrocephaly (in infants) are common presenting 
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     Figure 6.4     Radiographic appearance of atypical 
teratoid rhabdoid tumor. (a), Non – contrast CT 
showing fourth ventricular mass causing 
hydrocephalus. (b, c, e), Axial and sagittal T1 
without and with gadolinium showing heterogenous 
mass with some enhancement invading the 
brainstem. (d), Sagittal T2 imaging showing the 
partially cystic nature of the lesion. f, FLAIR MRI 
sequence.  

  3     The median overall survival was 6 months.    
 The second case series was published in 2004 and presented 
43 patients with AT/RT from a central registry in Cleveland 
 [117] . 
  1     Diagnosis:  

   •      Seventy - fi ve percent of patients had a deletion of chromo-
some at 22q.  

   •      Twenty - two tumors underwent gene sequence analysis: eight 
had no identifi able mutation. However, two of these patients 
harbored 22q deletions.  
   •      INI - 1 staining was not performed.    

  2     Surgery: 
    •      Twenty patients had gross total resection. The median sur-
vival and event - free progression were 20 and 14 months 
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  5     Two - year overall survival was 78% for children  > 3 years old, 
and 11% for children aged  < 3 years  [118] .     

  Conclusion 
 AT/RT is an aggressive CNS tumor that presents a therapeutic 
challenge to clinicians. Long - term survivors are possible with a 
combination of surgery, intense chemotherapy and irradiation. 
However, the impact of treatment on quality of life is high.   
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   Introduction 

 Acute lymphoblastic leukemia (ALL) is the commonest leukemia 
of childhood. It accounts for 30% of new cases of childhood 
cancer in the USA and Western Europe and in absolute numbers 
about 2000 cases per annum in the USA and about 400 cases per 
annum in the UK or France. 

 The story of ALL is the story of childhood cancer. It is the story 
of improving treatment success through clinical trial. It is the 
story of childhood cancer epidemiology and pathogenesis. With 
increasing treatment success in ALL it is also the story of treat-
ment refi nement so that treatment intensity refl ects disease risk. 
The numbers of patients with ALL have allowed focus on the 
costs of treatment success in terms of late effects to be set against 
the risk factors that can be identifi ed for failure of treatment. 

 Our job as clinicians in the management of childhood cancer 
is this juggling of risk. Childhood ALL is a fatal disease without 
treatment. Our treatment also carries risk  –  both short - term mor-
bidity and mortality during treatment and long - term morbidities. 
As clinicians we must neither inadequately treat the disease and 
risk treatment failure, nor over treat the disease and risk unneces-
sary toxicity. Understanding the disease through careful scientifi c 
study and well designed clinical trials over 40 years have allowed 
us to make these risk - based decisions and explain them, during 
treatment consent, to patients and their families. 

 In this chapter we will discuss fi rst the pathology of ALL and 
its classifi cation. Its epidemiology and pathogenesis will be 
reviewed before a discussion of the clinical features of ALL and 
its treatment, with a focus on risk - based therapy.  

  Epidemiology of  a cute  l ymphoblastic  l eukemia 

  Incidence 
 ALL is the commonest malignancy of childhood and accounts for 
85% of childhood leukemias. Its incidence in the UK is 30 per 

million children per year  [1] . It has a peak incidence between the 
ages of 2 and 5 years and is commoner in white than black chil-
dren. Its incidence is greater in developed than developing coun-
tries  [2] . It is unclear whether it is becoming commoner with time 
as there are confl icting studies, but it is not thought that in devel-
oped countries there is much signifi cant change  [3 – 5] .  

  Etiology 
 For any individual child the cause of leukemia is seldom apparent 
and is little more than an interesting question to family and clini-
cian. For that child and his family this leukemia will represent a 
desperately unlucky chance and will not represent something that 
they as a family have done wrong or that is more likely to affect 
other children. 

 However the etiology of ALL is a research fi eld in its own right 
and, on a population level, it is possible to make some statements 
about the origins of this leukemia. 

 Many cases of leukemia will have their clonal origin during 
fetal life. This is especially true of the ALL of early life, including 
the peak incidence leukemias of early childhood. This can be 
shown by: 
   •      The increased concordance rate of leukemia in monozygotic as 
compared with dizygotic twins. It can be shown that this increased 
concordance rate is a consequence of twin to twin leukemia 
metastasis through a shared circulation  [6] .  
   •      Backtracking leukemia specifi c genotypic change to a blood 
sample (usually the Guthrie card) taken in early life. Using the 
polymerase chain reaction (PCR) the leukemia - specifi c DNA 
(e.g. a leukemia specifi c translocation such as TEL - AML) can be 
found in this neonatal sample and long before the clinical pres-
entation of leukemia  [7] .    
 The clinical relevance of this is that twins and especially monozy-
gotic siblings of an index case diagnosed early in life should be 
regarded at high risk of leukemia and screened as such after dis-
cussion and consent. 

 Various possible causes of leukemia have been described. 

  Infection 
 In certain animal leukemias it is clear that there is a direct rela-
tionship between virus infection, usually with retrovirus, and 
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  Table 7.1    Modalities of classifi cation of acute lymphoblastic leukaemia ( ALL ). 

   Classifi cation mode     Question     Aid defi nitive diagnosis?     Risk stratifi cation?  

  Clinical    What are the presenting features of this leukemia?    No    Yes  
  Blast cell morphology    Do the blast cells appear as typical lymphoblasts using standard haematological 

stains? (FAB classifi cation)  
  Yes    No  

  Cytochemistry    Do the blast cells lack cytochemical evidence of myeloid lineage commitment 
(MPO) and / or show the typical cytochemical properties of lymphoblasts 
(B or T - lineage) with PAS or AP stains.  

  Yes    No  

  Immunophenotype    Does the leukemia cell possess the membrane antigens that are present in 
normal precursor B and T - cells?  

  Yes    No  

  Cytogenetics    What are the chromosomal changes associated with the clone and are these 
recognized fi ndings in ALL?  

  Yes    Yes  

  Molecular Genetics    Is there clonal immunoglobulin gene rearrangement (B - lineage ALL) or is there 
clonal T - cell receptor rearrangement (T - cell ALL)? Are there fusion genes that 
are described in ALL?  

  Yes    Yes  

leukemogenesis  [8] . There is no such direct viral cause of leuke-
mia in children. Epstein - Barr virus (EBV) is strongly associated 
with endemic Burkitt ’ s lymphoma /leukemia but the molecular 
biology of this disease  –  c - myc translocation to the immunoglob-
ulin gene  –  is the same as sporadic forms demonstrating that the 
virus has a facilitating effect rather than a causative effect  [9] . 

 However, the peak incidence of ALL strongly suggests an 
infectious etiology. This is not directly causal. Several other lines 
of evidence (international comparison, geographical clusters, 
inverse correlation with breast feeding, decreasing incidence with 
birth order) suggest that ALL is a rare response to a common 
infection and delayed exposure to the agent is critical to this aber-
rant response. Population mixing may bring this agent into a 
susceptible community and some individuals are more prone 
genetically to such a response as shown by an association with 
HLA type  [10, 11] .  

  Genetic  c auses 
 Few cases of ALL have an association with a genetic syndrome. 
Down ’ s syndrome (DS), Bloom syndrome, ataxia telangiectasia 
(AT)  [12, 13]  and neurofi bromatosis (NF1) [14]  all have an 
increased incidence of ALL compared with the general popula-
tion  [15] . In DS and NF1 the increased leukemia incidence is 
reduced for ALL compared with myeloid leukemia. A search for 
AT with genetics and measurement of serum alpha - fetoprotein 
should be undertaken in any individual with cerebellar ataxia 
and ALL, however mild the former might be. As discussed above 
there may be inherited differences that infl uence response to 
infection and that therein infl uence leukemia risk.  

  Physical  c auses 
 Undoubtedly, exposure to ionizing radiation is a cause of ALL. 
This will include pre - natal exposure during maternal X - rays  [16]  
and there was an increase in the incidence of ALL following the 
nuclear bombs dropped in World War 2. However, there has 
been no detectable increase in ALL following the nuclear acci-

dents and fallout at Chernobyl and Three Mile Island  [17] . 
Similarly, there has been no increase in ALL close to nuclear 
plants that cannot be explained by other factors such as popula-
tion mixing. It is unlikely that low energy electro - magnetic fi elds 
produced by electricity supply pylons will cause ALL as it does 
not damage DNA in the laboratory, although it has been a matter 
of considerable public debate  [18] .  

  Chemical and  p esticide  e xposure 
 Exposure to certain chemicals and pesticides has been asso-
ciated with leukemia but not usually ALL. The suggestion that 
parenteral vitamin K administration to neonates leads to an 
increased incidence of ALL has been disproved with further 
study  [19] .    

  Pathology of  a cute  l ymphoblastic  l eukemia 

 These are neoplasms of lymphoblasts committed to either B - cell 
lineage or T - cell lineage. Our understanding of leukemia is that 
it is a clonal disease and originates by mutation in a single cell 
and that the remainder of leukemia cells within the clone are 
derived from this one cell. 

 About 80 – 85% of ALL in childhood is of B - lineage. Several 
levels of classifi cation are attempted as scientifi c techniques have 
advanced. Thus ALL can be classifi ed according to clinical fea-
tures, blast cell morphology, cytochemistry, immunophenotype, 
cytogenetics and molecular genetics. 

 In employing any classifi cation system in ALL there are two 
questions to be answered: 
   •      Am I certain that this is ALL and can treatment be instituted?  
   •      Does this classifi cation of ALL tell me anything about the risk 
that this leukemia poses the patient? This is the era of risk - based 
therapy and only at the beginning of therapy can a complete clas-
sifi cation of the clinical and biological features of the presenting 
leukemia be made (Table  7.1 ).      
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  Morphology 
 For all our sophisticated immunophenotype tools and cellular 
and molecular genetics ALL is still diagnosed fi rstly by light 
microscopy of a bone marrow smear taken from a child with a 
suggestive history and abnormal peripheral blood cell counts. 
Diagnostic immunophenotyping should only be performed on a 
morphologically abnormal marrow or mistakes will be made. 

 The FAB classifi cation is a morphological sub - classifi cation of 
ALL. It describes three types of ALL  –  L1, L2 and L3  [20] . 
   •      In L1 disease the blast cells are small, uniform with a high 
nuclear/cytoplasmic (N/C) ratio, inconspicuous nucleoli and 
variable cytoplasmic vacuolation.  
   •      In L2 disease there is pleomorphism with larger and more vari-
able blasts, with variable cytoplasmic volume and vacuolation. 
Nucleoli may be multiple and prominent.  
   •      In L3 ALL the blasts are large and uniform. There is moderate 
intensely basophilic cytoplasm with prominent vacuolation. 
There are multiple, prominent nucleoli.    
 Only the recognition of L3 leukemia has any modern relevance 
to diagnosis or relevance to therapy. As in acute promyelocytic 
leukemia (APML) a molecular change  –  in this case translocation 
of the c - myc oncogene to the transcriptionally active heavy 
or light chain regions of the immunoglobulin gene  –  defi nes a 
disease with typical clinical features, morphology, immunophe-
notype, cyto -  and molecular genetics that responds poorly to 
standard leukemia therapy. 

 Otherwise morphology alone does not distinguish T -  and 
B - lineage ALL and does not distinguish lymphoblastic leukemia 
from certain myeloid leukemias where there is little maturation 
of the abnormal clone (FAB AML M0 and M1).  

  Cytochemistry 
 The principle of cytochemistry is that an apparently primitive and 
microscopically bland blast cell will show lineage commitment in 
its enzymes. The principle importance in ALL is that ALL blasts 
do not have myeloperoxidase and are therefore Sudan Black 
negative and distinguishable from most cases of AML. ALL blasts 
of T -  and B - lineage may be positive for periodic acid Schiff (PAS) 
stain, often in a characteristic block pattern and T - lineage leuke-
mia may be positive in a characteristic polar pattern for acid 
phosphatase (AP)  [20] .  

  Immunophenotyping 
 Immunophenotyping is the cornerstone of modern leukemia 
diagnosis  [21] . Just as cytochemistry assigns lineage commitment 
to an undifferentiated cell by its enzymatic capability, so immu-
nophenotyping classifi es leukemia by the membrane and cyto-
plasmic antigens it shares with cells of a certain lineage. In 
B - lineage leukemia there are therefore B - lineage antigens and in 
T - lineage leukemia there are T - lineage antigens. These antigens 
are specifi c to the lineage and not to the leukemia. 

 During normal B - cell or T - cell ontogeny or development there 
is serial and characteristic gain and loss of specifi ed antigens. 
Thus the developmental stage of a B - lineage cell from uncommit-

ted stem cell to antibody producing plasma cell can be defi ned by 
its pattern of antigen expression. Leukemia may arise as a clonal 
disease from cells of different developmental stages and the 
antigen expression of the subsequent malignant clone refl ects the 
antigen expression of the developmental stage at which malig-
nancy arose. 

 Usually immunophenotypic analysis consists of two stages 
 [22] : 
   •      In the fi rst instance a broad panel of antibodies is employed. 
Such a panel includes antibodies directed at common T - lineage, 
B - lineage and myeloid  –  including monocytic and erythroid  –  
antigens. This will enable a broad immunophenotypic classifi ca-
tion of leukemia to be made  –  in conjunction with morphology 
and cytochemistry.  
   •      A second panel of more lineage specifi c antibodies will enable 
a more exact diagnosis and sub - classifi cation of leukemia to be 
made. In the case of precursor B and precursor T lymphoblastic 
leukemias this second panel of antibodies will allow classifi cation 
according to the normal cell ontogeny (Tables  7.2  and  7.3 ).      
 It should be noted that several different classifi cations of B - lineage 
ALL can be attempted. In the modern treatment era the impor-
tance of immunophenotyping is to make a certain diagnosis of 
precursor B - lineage leukemia and to make a certain diagnosis of 
B - cell leukemia as this has important treatment implications. The 
sub - classifi cation of precursor B disease has little impact on prog-
nosis compared with other criteria of risk stratifi cation and little 

  Table 7.2    An immunophenotypic classifi cation of acute lymphoblastic 
leukaemia ( ALL ). 

   Leukemia     Immunophenotype/
common antigens  

   Discriminatory 
antigens  

   Leukemia 
frequency  

  Early pre - B, 
CD10 −   

  CD19, CD22, CD79a    TdT+, CD10 −     8  

  Early Pre - B, 
CD10+  

  CD19, CD22, CD79a    TdT+, CD10+, 
Surface  μ  −   

  70  

  Late pre - B    CD19, CD22, CD79a    cytoplasmic  μ +,
SIg μ  − , CD10+/ − ,  

  18  

  Mature B    CD19, CD22, CD79a    TdT − , CD10+/ −  , 
SIg μ +  

  4  

  Table 7.3    An immunophenotypic sub - classifi cation of T - acute lymphoblastic 
leukaemia ( ALL ). 

   Leukemia     Immunophenotype/
common antigens  

   Discriminatory antigens  

  Pro - T    cyCD3, CD7    TdT+  
  Pre - T    cyCD3, CD7    TdT+, CD5+/ −   
  Cortical T    cyCD3, CD7    TdT+, CD1a+, CD5+, CD4/8+/ −   
  Mature T    cyCD3, CD7    TdT − , sCD3+, CD5+, CD4 or CD8+  
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  Alterations of  c hromosome  n umber 
 ALL can be classifi ed into fi ve types according to the number of 
chromosomes: 
  1     Hyperdiploidy ( > 50 chromosomes). This is a common fi nding 
and as many as 30% of ALL cases have a chromosome number 
between 51 and 68. Such hyperdiploidy, especially where the 
chromosome number is 51 to 55 chromosomes, is associated with 
other good risk features and an improved cure rate. Rarely there 
may be near tetraploid or, more rarely still near triploid karyo-
type. These do not appear in more recent analysis to have adverse 
outcome  [24, 25] . The pattern of chromosome gain in hyperdip-
loidy is not random and the commonest chromosome gained is 
chromosome 21 and chromosomes 6, X and 14 are also com-
monly gained. Hyperdiploidy can also be detected by fl ow cytom-
etry  –  expressed as DNA index, and this may sometimes be more 
sensitive than conventional cytogenetics  [26] .  
  2     Low hyperdiploidy (47 – 50 chromosomes). This does not 
confer such a good prognosis as higher hyperdiploidy but the 
prognosis is not adverse  [27] . Where only chromosome 21 is 
gained then the prognosis is good  [28]  and where chromosome 
8 is gained it is usually associated with T - cell disease and the 
prognostic signifi cance is uncertain  [29] .  
  3     Pseudodiploidy. In this group, although there are 46 chromo-
somes, there are structural or numeric abnormalities. This is a 
heterogenous group therefore whose outcome with therapy will 
refl ect the specifi c abnormality within the apparent normal chro-
mosome number.  
  4     Diploidy. In this group there is apparent normal chromosome 
number and structure. About 10 – 15% of ALL are in this group. 
It may be commoner in T - cell ALL  [30] . This group will contain 
children with cryptic translocations, e.g. t(12;21) in B - ALL and 
t(5;14) in T - ALL which will themselves confer prognostic 
signifi cance.  
  5     Hypodiploidy and near haploidy. In this there are a reduced 
number of chromosomes. Where there is near haploid karyotype 
there is a poor prognosis even where there are relatively good 
presenting National Cancer Institute (NCI) features  [23] .     

  Structural  c hromosome  c hanges 
 The commoner structural abnormalities in ALL , their lineage 
specifi city and prognostic signifi cance are given in Table  7.4  
 [23, 31] .     

  Molecular  g enetics 
 Molecular genetics is the application of molecular biological tech-
niques to determine the genes involved in ALL. Such techniques 
include analysis of the clonal origin of T and B leukemias and the 
acquired genetic origin of these illnesses  [31] . 

 B - cells and T - cells generate the antibody and T - cell receptor 
diversity necessary for an adaptive immune system by rearranging 
the germ line variable (V), diversity (D) and junctional (J) regions 
of the IG/TCR gene complexes. Each developing lymphocyte 
therefore obtains a specifi c VDJ combination and diversity is 

sleep should be lost by the practising clinician in making such an 
exact diagnosis. Indeed the WHO classifi cation of acute B - cell 
neoplasms is into precursor - B leukemia/lymphoma and Burkitt 
leukemia/lymphoma and further sub - grouping is based on 
cytogenetic abnormalities  [21] .     

 A similar sub - classifi cation of T - cell ALL can be attempted 
where the leukemia immunophenotype refl ects the stage of T - cell 
ontogeny in which malignant change has arisen. As in sub - clas-
sifi cations of B lineage ALL there is limited relevance to the treat-
ing clinician and the WHO classifi cation does not attempt any 
classifi cation beyond this, even with cytogenetics. The frequency 
of T - ALL is about 12% of all ALL.     

 Aberrant antigen expression is not uncommon in ALL and 
refers to the expression of antigens that are not associated with 
that leukemia ’ s lineage. Aberrant antigens do not infl uence the 
diagnosis where there are immunological, cytogenetic and molec-
ular features of a strong commitment to ALL. Over half of ALL 
cases will express some aberrant myeloid marker  –  usually CD13, 
33 or 15. In these cases blasts are myeloperoxidase (MPO) nega-
tive and have the other typical immunophenotypic features of 
B - ALL (CD19, CD22 and CD79a positive) or T - ALL (CD7 and 
cyCD3). Such aberrant antigen expression does not appear to 
independently infl uence outcome after treatment. Myeloid 
antigen aberrant expression is common in infant ALL with 
the t(4;11) translocation which is associated itself with a poor 
prognosis. 

 Where there are co - expression of MPO and these typical ALL 
markers then this is a true bi - phenotypic leukemia. Mixed T - ALL 
and B - ALL leukemias are also described. Gene rearrangement 
and expression may help accurately classify these leukemias 
which pose otherwise a therapeutic diffi culty for the clinician. 
Rarely there are two clear populations of blast cells expressing 
different antigens  –  this is termed bi - lineage leukemia.  

  Cytogenetics 
 Cytogenetics is the study of cellular chromosomal re - arrange-
ments associated with leukemia and may fi nd typical rearrange-
ments that both confi rm the diagnosis and aid prognosis and 
therefore therapy  [23] . There are two techniques: 
   •      Conventional cytogenetics. This remains the standard screen-
ing for karyotypic abnormalities in newly diagnosed leukemia. It 
will pick up abnormalities only in dividing cells (metaphase).  
   •       ‘ Molecular cytogenetics ’ . In fl uorescent  in situ  hybridization 
(FISH) a probe that is specifi c for normal (e.g. for a specifi c 
chromosome) or abnormal (e.g. for a particular translocation) 
part of the genome is applied to the cell that need not necessarily 
be dividing. It cannot be readily be used as a screen as it can only 
determine whether a particular probe binds or not, but it is useful 
for monitoring known abnormalities as in disease response 
monitoring.    
 Two patterns of cytogenetic alteration are described  –  alterations 
of chromosome number and structural abnormalities. Both can 
confer prognostic information. 
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further generated by nucleotide insertion and deletion during the 
VDJ coupling. As ALL is a clonal disorder arising from a develop-
ing lymphoid cell this unique DNA  –  specifi c to that developing 
cell  –  will act as a DNA  ‘ fi ngerprint ’  for all its progeny. There are 
two implications in terms of leukemia diagnosis and risk 
stratifi cation: 
  1     The presence of clonal TCR or IG gene rearrangement may aid 
diagnosis in diffi cult cases of leukemia such as biphenotypic or 
bilineage leukemias  [32] .  
  2     The unique DNA may be used as a target for monitoring the 
disappearance of the leukemia clone during therapy  [33] . Thus 
primers for junctional regions are matched to either side of the 
junctions, generally within a distance of less than 500bp. Usually 
consensus primers will be used that recognize virtually all V or J 
gene segments  –  germ line DNA will not be amplifi ed because of 
the long distance between these regions in unrecombined DNA. 
The PCR product  –  specifi c to the leukemia clone  –  can then be 
sequenced and patient specifi c (or allele specifi c) primers can be 
designed for the further monitoring of that leukemia clone during 
therapy. This is the basis of minimal residual disease (MRD) 
monitoring during ALL therapy and is strongly predictive of 
treatment outcome.    

 The structural chromosomal alterations usually disrupt genes 
that encode transcription factors. Leukemia specifi c transloca-
tions can activate transcription factors either by generating new 
fusion genes with oncogenic properties or by translocating those 
transcription factors to transcriptionally active portions of the 
genome  –  those coding for IG or the TCR. The importance to the 
clinician is twofold: 
  1     The chimeric gene is unique DNA and specifi c, within that 
patient, to the leukemic clone and can be monitored either by 
PCR or by FISH as analysis of MRD in the same way as the IG/
TCR gene rearrangement  [33] .  

  Table 7.4    The commoner structural chromosome abnormalities in acute lymphoblastic leukemia ( ALL ). 

   Structural 
chromosome change  

   Lineage 
specifi city  

   Genes     Frequency (%)     Prognostic signifi cance  

  (1; 19)    B    E2A - PBX1    5    Adverse  *    
  t(17; 19)    B    E2A - HLF    1    Adverse  
  t(4; 11)    B    MLL - AF4    5% (higher in infants)    Adverse  
  11q23 trans, inv, deletion    Usually B    Variable        Adverse, except deletion or inversion  –  these are neutral  
  t(9; 22)    B    BCR - ABL     < 5    Adverse  
  t(12; 21)    B    TEL - AML    25    Good  
  Tan dup (21)    B    AML1 amplifi cation    2    Adverse  
  Del (6q)    Non - specifi c    Unknown    10    Neutral  
  10q24, various partners    T    HOX11    0.5    Good  
  19p13, various partners    T    LYL1    1.5    Adverse  
  1p32    T    TAL1    6    Adverse  
  8q24    True B - cell    c - myc over expression    2    Good  †    

    *    This adverse treatment outcome can be overcome with intensive therapy.      †    Prognosis is good with short - term intensive chemotherapy.   

  2     The action of the fusion oncoprotein or the translocated tran-
scription factor will enable us to better understand the molecular 
etiology of the leukemia and may in future allow the leukemia to 
be targeted more specifi cally  [34] . In an analogous fashion the 
BCR - ABL fusion oncogene is specifi cally targeted in chronic 
myeloid leukemia (CML) and ALL by tyrosine kinase inhibitors 
such as imatinib  [35] .      

  Clinical  p resentation of  a cute 
 l ymphoblastic  l eukemia 

  Typical  p resentation and  p lan of  i nvestigation 
 In most cases the diagnosis of ALL is not diffi cult to make once 
there is suffi cient clinical suspicion to merit investigation with 
blood tests. Leukemic blast infi ltrate leads to marrow failure and 
the typical symptoms and signs of anemia, thrombocytopenia 
and leucopenia. There is frequently bone pain and fever. On 
physical examination there is frequently generalized lymphaden-
opathy and hepato - splenomegaly. The illness usually arises in a 
previously well child as there are few predisposing conditions 
(see Etiology). 

 In this typical case all institutions will have a standard series of 
investigations so that all information about the leukemia that 
might be conceivably useful can be gathered. Once therapy is 
initiated then the leukemia will soon be gone to sight and this 
opportunity will be lost. Most institutions will do these and any 
subsequent invasive bone marrows and lumbar punctures under 
general anesthetic or deep sedation. A comprehensive, clinical 
assessment of the fi tness for such procedures should form part of 
the initial assessment of the child. Several points should be noted: 
   •      In certain circumstances, e.g. large mediastinal mass (see 
below) causing respiratory compromise or superior vena cava 
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ence of other cells underlines the importance of experience 
in making this diagnosis of CNS involvement. Immunopheno-
typing of CSF can be helpful in diffi cult cases  –  where there is 
limited material the range of markers employed might be limited 
and will be guided by the immunophenotype of the patient ’ s 
leukemia. TdT is useful in this circumstance in precursor B and T 
lymphoblastic leukemias.  
  2     CNS - 2.     There are unequivocally blasts in the CSF but their 
number is less than 5    ×    106/litre.  
  3     CNS - 3.     There are unequivocally blasts and their number is 
greater than 5    ×    106/litre.    
 Occasionally the pattern of disease is predominantly parenchy-
mal. The presenting features are related to mass effect, neurologi-
cal defi cit, or seizures. Such pattern of involvement is more 
usually seen at relapse and parenchymal involvement is thought 
to be a later event in CNS invasion than meningeal involvement 
(which leads to CSF positivity). Epidural deposit of leukemia 
with spinal cord compression with a leukemic deposit is a rare 
presentation of ALL requiring urgent institution of appropriate 
therapy, including steroid therapy. 

 The management of CNS leukemias is separately discussed 
(below).  

  Hypoplastic  p resentation of  a cute  l ymphlastic  l eukemia 
 Rarely the diagnosis of ALL is preceded by an aplastic phase. This 
occurs in about 1 – 2% of these leukemias and the pathophysiol-
ogy of this process is unclear. Characteristically there is fever with 
pancytopenia followed by restoration of normal counts and good 
health prior, within 6 months, to a diagnosis of overt leukemia. 
Uncommonly, there is no recovery of the peripheral blood counts 
but usually in these cases there might be marrow fi brosis and foci 
of blasts expressing TdT and (usually) CD10  [37] .  

  Testicular  d isease 
 Testicular disease is rarely overtly present at diagnosis in boys, 
although it is commonly present at a sub - clinical level  –  as was 
demonstrated by studies of testicular biopsy at diagnosis of leuke-
mia of boys without clinically apparent disease and is not associ-
ated with an adverse outlook  [38] . Overt testicular disease was 
formerly a not uncommon site of relapse but the frequency of 
such relapse has diminished as protocol intensity has increased 
 [39] .  

  Mediastinal  m ass 
 This is usually a manifestation of T - cell leukemia although it is 
described to occur in precursor B disease rarely. It may be asymp-
tomatic and simply noted on a posterior - anterior chest x - ray that 
is routinely done on all children presenting with leukemia at the 
time of initial investigations. It may present, however, as respira-
tory compromise or as a superior vena cava obstruction. In these 
circumstances, management of the presenting emergency is the 
physician ’ s priority and investigations may be deferred whilst this 
is brought rapidly under control.  

obstruction then it may not be possible to safely anesthetize or 
sedate. In these circumstances then as much as possible must be 
done without anesthetic. Where there are circulating blast cells 
then diagnosis may be made and samples taken for MRD and 
cytogenetic tests using the peripheral blood alone. Treatment 
may then be initiated and invasive procedures requiring anesthe-
sia or sedation deferred until anesthetic or sedation is safe. The 
safety of the patient must not be compromised for the sake of 
the completeness of the diagnosis. This is sometimes a more 
critical issue in T - cell non - Hodgkin ’ s lymphoma (NHL) where 
there is no circulating disease but a large mediastinal mass. 
Steroid therapy may be given in these circumstances to shrink 
the presenting tumor which is making anesthetic unsafe. Often 
over a matter of days this mass will shrink and the anesthetic 
will be perfectly safe. The child will require daily assessment 
by an experienced pediatric anesthetist to identify the window 
in which both anesthesia is safe and the tumor mass is not 
completely resolved.  
   •      Tumor storage will require consent that is additional to the 
consent for the anesthesia and investigations.  
   •      It is clearly appropriate to do as many investigations under the 
same anesthetic. It is our practice to give intrathecal chemo-
therapy at the time of fi rst investigations where there are une-
quivocally circulating peripheral blood blasts. This saves the child 
returning for a second procedure (therapeutic lumbar puncture) 
once a diagnosis is made on a fi rst marrow and means that 
intrathecal chemotherapy is always given with lumbar puncture 
and there is reduced risk of contamination of the CSF leading to 
later central nervous system (CNS) relapse through traumatic 
puncture (see CNS disease, below)  [36] .     

  Other  p resentations of  a cute  l ymphoblastic  l uekemia 
 Other organs might be involved. The commonest site of involve-
ment is clearly the lymph nodes, liver, and spleen. Involvement 
of these organs may be in a patient with typical features as above 
or be the site of presenting symptoms and signs. 

  Central  n ervous  s ystem  l eukemia 
 Involvement of the CNS is more common in ALL than in other 
types of leukemia. It is more commonly a site of relapsed disease 
than presenting disease. It is commoner in T - cell disease, true 
B - cell leukemia and where the circulating white cell count is 
high. Its presentation may be on routine lumbar puncture or 
there may be symptoms and signs of disease including headache, 
vomiting, papilloedema or cranial nerve palsies and abnormal 
eye movements (cranial nerves III, IV or VI) or facial asymmetry 
(VII). 

 Diagnosis of CNS disease is on microscopic examination of a 
CSF cytospin in which the total white cell concentration has been 
counted. Three patterns of CSF are recognized: 
  1     CNS - 1.     No blast cells in the cytospin. There may be other cells 
present  –  often in considerable numbers either with infection or 
as a reaction to continuing intrathecal therapy. The frequent pres-
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incremental steps of the large cooperative oncology groups study-
ing ALL therapy are discussed in more detail below.     

  Principles of  t reatment 
 ALL treatment is toxic and an important component of therapy 
is supportive care. Improvements in outcome are partly due to 
improvements in supportive care. Supportive care components 
are discussed separately in this book but any such care will 
require: 
   •      Knowledge of the likely adverse effects of any applied therapy 
so that primary preventative therapy (prophylaxis) can be given.  
   •      Early detection of problems so that therapy can be given early 
in the course of any complication.  
   •      Effective drugs for the complications of the disease.    

 ALL treatment is risk directed. The risk of treatment failure in 
ALL is infl uenced by clinical factors and the National Cancer 
Institute has developed a uniform classifi cation based on age at 
presentation and presenting white blood cell count  [43] . 
Biological features of the leukemia including cytogenetics and 
molecular genetics will further inform this risk assessment and a 
treatment schedule will be selected. However, this risk assessment 
will be inaccurate and some children with apparently good disease 
by NCI criteria and disease biology will relapse during or after 
appropriate therapy. Conversely, some children with apparently 
poor risk disease by these criteria will apparently be cured with 
such treatment. One reason for the incomplete relation between 
applied therapy outcome and pre - treatment risk assessment is the 
individual response to drug treatment. Risk assessment can be 
improved by assessment of the disease response to therapy which 
will be infl uenced by pharmacodynamic and pharmacogenetic 
factors  [44]   –  this response may be assessed crudely by morpho-
logical assessment of blast disappearance or using more sophisti-
cated and quantitative measures of disease disappearance (fl ow 
cytometric or PCR molecular). This mode of disease assessment 
is summarized in Figure  7.1  and Box  7.1 .        

  Results of  c ooperative  s tudies in  a cute  l ymphoblastic 
 l eukemia  t reatment 
 There are several large collaborative consortia that have per-
formed randomized trials in the therapy of childhood ALL. These 
trials have sometimes asked not dissimilar questions. Progress has 
been incremental, with each successive national trial testing the 
proposed improved treatment strategy against previous best 
(standard) therapy. The results of different national trial groups 
is summarized in Table  7.5  and in the succeeding section the 
accepted components of ALL therapy  –  remission induction, con-
solidation, re - induction and continuing therapy, and the drugs 
used in these components are discussed.    

  Components of  a cute  l ymphoblastic  l eukemia  t herapy 
 There is probably more randomized clinical trial information 
concerning the treatment of ALL in children than any other 
human malignancy. Therapy of ALL continues along the lines 
established in the early days of therapy: 

  Bone and  j oint  d isease 
 Bone pain is common. In some children  –  usually with precursor 
B lymphoblastic disease, and often with a relatively normal blood 
count  –  bone pain may be the dominant fi nding leading to pres-
entation to orthopedic or rheumatology teams and diagnostic 
diffi culty and delay. In addition to these features there may be 
characteristic X - ray changes including transverse metaphyseal 
radiolucent lines, osteolytic lesions, diffuse osteoporosis and 
fracture  [40] . No specifi c orthopedic intervention is necessary 
in these circumstances  –  simply management of the underlying 
leukemia. 

 Ocular disease 
 The incidence of eye involvement will depend on the intensity 

of the search  [41] . Overt involvement is only commonly seen at 
relapse, and then more commonly in association with CNS 
disease. Like testicular disease contemporary treatment protocols 
have reduced the incidence of relapse in this site.    

  Treatment of  a cute  l ymphoblastic  l eukemia 

  Historical  a spects 
 ALL treatment has proceeded from palliation to curative over the 
last 60 years. The majority of patients presenting with ALL can 
now expect to be cured of their disease  [42] . The obstacles to 
successful treatment that have been progressively overcome have 
been: 
   •      A lack of belief that anything other than transient responses and 
palliation of leukemia could be achieved with drug and radiation 
therapy.  
   •      The lack of effective drugs capable of inducing response. Drugs 
that individually had some action in inducing response of 
the leukemia have been developed. The earliest drugs that had 
action were aminopterin (an early methotexate - like folate antag-
onist), corticosteroids, and the purine antagonists, 6MP and 
thioguanine.  
   •      Primary and acquired resistance to applied anti - leukemia drug 
therapy. The use of multi - agent drug schedules that form the 
backbone of ALL therapy today were fi rst employed in order to 
overcome such acquired resistance where children responded and 
achieved remission but later relapsed. Separate multi - agent 
schedules are employed in remission induction, consolidation 
and continuing therapy.  
   •      CNS relapse leading to treatment failure even where there had 
been a medullary response. The development of strategies to 
prevent CNS relapse was initially achieved with prophylactic 
irradiation and subsequently with intrathecal administration of 
chemotherapy.  
   •      The lack of a framework in which to test newer drugs and 
schedules. The concept of the randomized clinical trial in which 
new drugs, or different scheduling of the same drug, e.g. meth-
otrexate or different combinations of drugs has allowed leukemia 
therapy to progressively and incrementally improve. These recent 
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  Remission  i nduction  t herapy 
  Defi nition and  a im 
 This is the therapy that is given to a patient after a diagnosis is 
reached and once the patient ’ s condition has been stabilized. Its 
aim is remission. Remission is defi ned as absence of detectable 
disease. The method of disease assessment needs to be defi ned in 
describing remission as different tools will have different sensi-
tivities (Figure  7.2 ).   

 For any tool used, remission is defi ned as absence of detectable 
disease and residual disease is disease that remains present but 
undetected. This is a diffi cult concept for families. Leukemia cells 
are analogous to weeds in a fl ower bed and normal blood cells 
are the fl owers in that fl ower bed. At presentation the gardener 
can only see weeds. After treatment there are only fl owers to see 
but there might still be weeds within the fl ower bed that would 
grow back if treatment were stopped. The difference between cure 
and remission is that in cure there are no weeds left to grow back. 
MRD technology is a special test the gardener has developed 
for telling how many weeds are left behind even when he cannot 
see them. 

 The level of remission is not an academic issue. About 99% 
of children will be in remission at the end of remission induc-
tion therapy. Treatment failures will refl ect a roughly equal mix 
of death due to toxicity and refractory disease. Patients with 
refractory disease have a dismal outcome with intensifi ed therapy 
and transplant. With MRD, high level MRD (above 1%) have 
similarly dismal outcomes despite morphological remission 
 [82] . 

 MRD is currently estimated usually after induction (week 5) 
and after consolidation therapy (week 11). In current trials, high 
risk disease by MRD is defi ned as disease levels greater than 
0.01% (10e - 4) at week 5, and low risk disease as undetectable 
disease at week 11, having not been greater than 0.01% at week 
5. Some disease is indeterminant by MRD, e.g. disease detectable 
but less than 0.01% at both time points. In the current UK trial 
the risk of subsequent relapse is about 5% in the high risk group 
and less than 0.5% in the low risk group. MRD is therefore a 
highly useful tool and it is hoped that treatment interventions 
based on MRD will improve overall survival  –  these interventions 
will usually be intensifi cation of therapy in children with high risk 
disease and reduction of therapy in those with good risk disease 
as defi ned by MRD.  

  Drugs  u sed 
 Remission induction therapy is a multiple drug regimen, follow-
ing the earliest observation that multiple drug use has higher rates 
of remission induction that were translated into improved rates 
of overall survival. The leukemic clone is rapidly diminished so 
that drug resistant disease cannot emerge. Remission induction 
schedules in all current regimens will include both vincristine and 
steroids, and one or both of an anthracycline and L - asparaginase. 
In most cases, a three drug remission induction will be employed 
in standard risk disease. Four drugs will be reserved for those 
judged high risk by NCI criteria and for those with adverse geno-

  Box 7.1    Risk assessment in acute lymphoblastic 
leukemia ( ALL )  –  what might change your 
treatment. 

    Consensus clinical criteria in ALL presenting outside infancy: 

   •      High white blood cell count ( > 50)  

   •      Age  > 10 years    

 Cytogenetics 

   •      Philadelphia  –    some may be cured with chemotherapy alone 
but poor responders / with other risk criteria are usually 
transplanted  

   •      MLL  –    some may be cured with chemotherpy alone, as Ph+ 
disease  

   •      Near haploid karyotype  –    continuing dismal prognosis    

 Response to therapy 

   •      Assessed by steroid response of peripheral blood blasts  

   •      Assessed by repeat marrow aspirates during and at end of 
induction  

   •      Assessed by MRD levels at end of induction chemotherapy 
and after consolidation therapy     

Presenting clinical features
Of leukemia

Biological features 
of leukemia

Risk assessment

Response to
instituted treatment

Treatment schedule

     Figure 7.1     Determination of risk in acute lymphoblastic leukemia. Risk of 
treatment failure can be determined by clinical features of the patient and the 
leukemia, biological features of the leukemia, and the response of the disease to 
instituted therapy.  

   •      Remission induction therapy.  
   •      Intensifi cation/consolidation/re - induction therapy.  
   •      CNS - directed therapy.  
   •      Continuing/maintenance therapy.    
 Selected collaborative treatment group results are given in Table 
 7.5 . This section will review these treatment phases and summa-
rize the objectives of each phase, the consensus treatment and the 
evidence for that treatment. 
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  Table 7.5    Key advances from collaborative group trials in the treatment of acute lymphoblastic anemia. 

   Study     Enrolment 
years  

   Event free 
survival  

   Lessons learned     References  

  AEIOP - 91    1991 – 95    71    (1) Randomized exended Erwinia asparaginase did not improve response in 
intermediate risk ALL. (2) Multiple intensive blocks did not improve outcome in 
high risk ALL. (3) Intrathecal chemotherapy could replace cranial radiotherapy  

   [45 – 47]   

  AEIOP - 95    1995 – 99    73    (1) Eight drug re - induction blocks (administered twice) improved outcome in high 
risk children (prednisolone poor response, t(9,22) or t(4; 11)) compared with the 
multiple intensive blocks of AEIOP - 91. ( 2) Treatment reduction led to inferior 
results in good risk patients  

   [48 – 50]   

  BFM - 90    1990 – 95    78    Continued improved outcome of ALL despite (1) reducing total anthracycline dose 
and (2) cranial radiotherapy dose  

   [51, 52]   

  BFM - 95    1995 – 2000    79    (1) Vincristine and dexamethasone pulses do not add to therapy outcome in 
maintenance. (2) Increased relapse risk in CNS 2 (contaminated) LP  

   [53, 54]   

  MRC - UKALL XI    1990 – 1997    63    (1) No improvement in EFS and improved OS was due to better management of 
relapse. (2) Intensifi ed treatment benefi ts all groups  

   [55 – 57]   

  MRC - ALL - 97        81    (1) Benefi t for dexamethasone as steroid in EFS and CNS relapse. (2) 6 - MP is 
superior to 6 - TG in maintenance therapy. (3) 6 - TG in maintenance is associated 
with high incidence of liver disease  

   [58, 59]   

  POG    1986 – 1994    70.9 (B) and 51 (T)    (1) Intensive treatment blocks do not improve outcome in high risk ALL. (2) i.v. 
methotrexate is superior to oral in intensifi cation. (3) i.v. mercaptopurine is not 
helpful to improving outcome. (4) NCI criteria did not predict outcome in T - cell 
disease which fared poorly  

   [60 – 63]   

  CCG - 1800    1989 – 95    75    (1) Slow early responders have improved outcome with increased post - induction 
therapy. (2) Double delayed intensifi cation improves outcome in intermediate risk 
ALL  

   [64 – 66]   

  CCG 1992    1993 – 1995    81    (1) Dexamethasone improves outcome in ALL and reduced CNS relapse in ALL. (2) 
ALL survival is not improved by i.v. 6 - MP. (3) Triple intrathecal therapy does not 
improve outcome over IT methotrexate alone. (4) Any possible benefi t in terms of 
disease control through use of 6 - TG is offset by liver adverse effects  

   [67 – 69]   

  EORTC - 58881    1989 – 98    71    (1)  E.Coli  asparaginase is superior (although more toxic) to Erwinia asparaginase. 
(2) Cytarabine added to methotrexate during continuing therapy does not improve 
outcome in ALL. (3) i.v. 6 - MP is not helpful in improving EFS  

   [70 – 73]   

  NOPHO ALL92    1992 – 98    77    (1) High dose i.v. methotrexate can replace cranial irradiation. (2) 6 - MP 
pharmacokinetics affects outcome including response and second malignancy  

   [74, 75]   

  SJCRH 13    1991 – 98    81    (1) i.v. 6 - MP not helpful. (2) Additional early intrathecal therapy (triple) reduces CNS 
events  

   [44, 76 – 79]   

  TCCSG L92 - 13    1992 – 1995    63    Continuing therapy cannot be reduced despite earlier intensive therapy in standard 
risk but can be in high risk leukemia with good prednisolone response  

   [80, 81]   

   ALL, Acute lymphoblastic leukemia. LP, Lumbar puncture. EFS, Event free survival. OS, overall survival. CNS, Central nervous system. IV, Intravenous. NCI, National Cancer 
Institute. 6 - MP, 6 - mercaptopurine. 6 - TG, 6 - thioguanine.   

type or who fail to respond appropriately to an instituted three 
drug regimen. 
   •      Vincristine. This is administered on a weekly schedule. The 
usual dose is 1.5   mg/m 2 /dose. Its toxicity is principally neuro-
pathic. Excessive neurotoxicity is seen in hereditary sensori -
 motor neuropathies such as Charcot - Marie - Tooth disease, which 
might be revealed in family history and diagnosed genetically.  
   •      Steroids. These are given by mouth. Several collaborative 
studies (Child ’ s Cancer Group [CCG], Medical Research Council 
[MRC]) have addressed the question of which steroid should be 
used. There is evidence from these studies that use of dexametha-

sone has improved overall survival and reduced CNS relapse  [58, 
68] . It is unclear whether the dose of steroids is equipotent or 
whether the improved results seen with dexamethasone refl ect 
simply higher glucocorticoid effect with the selected dose. There 
is increased toxicity with this dose of dexamethasone, which 
affects the bones with increased osteopenia, and causes behavioral 
disturbance, myopathy, and weight gain (both adding to the neu-
ropathy of vincristine in reducing mobility of children during 
induction)  [58] .  
   •      Asparaginase. Asparaginase cleaves asparagines into aspartic 
acid and ammonia. As asparagine is rate - limiting, it interrupts 



Part II Hematological Disorders

86

weeks rather than short blocks of chemotherapy, with a pro-
longed interruption in therapy thereafter as a consequence of 
bone marrow aplasia.  

  Drugs  u sed 
 Different groups have evolved different schedules: 
   •      Intensifi cation therapy which is delivered following achieve-
ment of remission and is used principally in high risk leukemia. 
Usually cyclophosphamide, cytarabine and mercaptopurine are 
given which may be intensifi ed further in those achieving remis-
sion more slowly by the addition of further agents including 
vincristine and asparaginase. This approach of augmented inten-
sifi cation has been shown in CCG trials to be benefi cial in 
improving outcome in these high risk leukemias  [64] .  
   •      Re - induction therapy in which the induction drugs are repeat-
ed 3 months after achieving remission and was pioneered by 
the Berlin - Frankfurt - Munster (BFM) group  [39,51]  or  ‘ doubly ’  
(repeated again at 32 weeks) which has been shown to improve 
outcome in higher risk disease  [65] .  
   •      There are various other drugs used after induction that have 
been shown to be of benefi t. The replacement of induction aspar-
aginase with post - induction asparaginase was carried out by the 
Dana Faba group and shown to be benefi cial  [85]  and asparagi-
nase is an important component of the augmented delayed BFM 
consolidation therapy of CCG trials. Methotrexate after induc-
tion has been benefi cial, especially in T - cell disease, where the 
blasts accumulate its active metabolites  [51, 52] .      

  Central  n ervous  s ystem  p rophylaxis 
  Defi nition and  a im 
 This is therapy delivered specifi cally to the sanctuary site of the 
CNS. It is the story of leukemia therapy: 
   •      CNS relapse was a huge problem in the early days, even where 
systemic leukemia control had been achieved, with as many as 
50% of children suffering such relapse.  
   •      Identifi cation of a therapy that reduced such relapse  –  cranio -
 spinal irradiation.  
   •      Identifi cation of risk factors associated with CNS relapse 
(Box  7.2 ).  
   •      Realization that radiation had long - term adverse sequelae on 
growth, neurocognitive function, and endocrine function.  
   •      Gradual replacement of cranio - spinal irradiation with cranial 
irradiation and intrathecal therapy, then reduction of radiation 

protein synthesis. Asparaginase is an important drug in the treat-
ment of ALL and children who are under - dosed for asparaginase 
have an inferior outcome to those that receive a more intensive 
treatment schedule. There are different preparations, with several 
products of different potency derived from  E. Coli  and a single 
commercial product of reduced potency derived from Erwinia. If 
the different half - lives (and there is a pegylated version of the 
Medac  E. Coli  asparaginase) and potencies of the different prop-
erties are taken into account in scheduling then comparable 
results will be achieved. Whilst its importance in ALL treatment 
is undoubted, the timing of administration in leukemia therapy 
is uncertain. It has considerable toxicity with thrombotic, infec-
tious, and hepatic complications and these are especially evident 
in leukemia induction therapy. The Dana Faba cancer consor-
tium has moved the administration of asparaginase into the post -
 induction period and demonstrated the importance of prolonged 
exposure whilst maintaining high remission induction rates  [83, 
84] . Therefore, the most appropriate timing of administration of 
the drug will remain the subject of further study.  
   •      Anthracycline. The most extensively used anthracycline in ALL 
treatment has been daunorubicin. It is myelotoxic and signifi -
cantly increases infection risk during induction therapy. It has a 
cumulative cardiac toxicity when doses above 400   mg/m 2  are 
used. It may not be necessary to use an intensive four drug 
remission induction therapy in standard risk cases where post -
 remission intensifi cation therapy is being undertaken.      

  Intensifi cation  t herapy 
  Defi nition and  a im 
 In the early days of leukemia treatment, remission was main-
tained by prolonged continuing anti - metabolite (maintenance) 
therapy. Consolidation, intensifi cation, and re - induction therapy 
is the therapy that follows achievement of morphological remis-
sion and that interrupts continuing therapy. The addition of such 
intensifi cation blocks improves the outcome of all types of ALL, 
even those of lowest risk. The intensity should be sustained over 

Rasidual disease

Morphology – 5%

Cytogenetics – 1%

FISH – 10–2

Flow Cytometry MRD 
10–4

Molecular MRD of
re-arranged IG or 
TCR 10–6

     Figure 7.2     The sensitivities of different methodologies in 
determining the level of residual disease in children with ALL.  

  Box 7.2    Risk factors for central nervous system 
relapse. 

    High white blood cell count 

 T - cell immunophenotype 

 Traumatic lumbar puncture (LP) or CNS 2 LP at diagnosis 

 Adverse genotype  –  t(4; 11) or t(9; 22)  
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dose, and fi nally abolition of radiation with only intrathecal 
therapy and improved systemic therapy.       

  Drugs  u sed 
 Effective prophylaxis of CNS relapse requires both effective sys-
temic therapy and locally applied therapy. Local therapy is 
increasingly intrathecal therapy and there is equivalence of each 
treatment in meta - analysis of different trials  [86] . Both St Jude ’ s 
and MRC treatment protocols no longer give any CNS radiation 
therapy. Intrathecal therapy is either with single agent methotrex-
ate or with triple agent therapy (methotrexate, hydrocortisone, 
and cytarabine). There is no proven benefi t to triple therapy 
 [67, 87] . 

 Systemic therapy is better with dexamethasone, although this 
may refl ect that those trials that have shown a benefi cial dexam-
ethasone effect did not select equivalent glucocorticoid effi cacy 
in the prednisolone arm. Where a higher dose of prednisolone 
was used then no advantage of dexamethasone was demonstrated 
 [88] . High dose methotrexate reduces systemic relapse rate but 
has little impact on CNS relapse. However, perhaps the effect is 
only at higher doses of methotrexate (5   g/m 2 )  [86] .   

  Continuing ( m aintenance)  t herapy 
  Defi nition and  a im 
 ALL is a unique malignancy in its requirement for a prolonged 
period of low dose but sustained and continuously delivered 
chemotherapy. Universally, it includes 6 - mercaptopurine (6 - MP) 
given daily and low dose methotrexate given weekly. This phase 
of treatment proceeds from achievement of completion of remis-
sion to completion of therapy but is interrupted for intensifi ca-
tion or re - induction therapy. Children are relatively well during 
this phase of treatment and life can return to normal. However, 
children are signifi cantly immune suppressed during this therapy 
and virus infection can be signifi cant, even overwhelming. 
Particular problems are seen with parvovirus and prolonged red 
cell aplasia and transfusion may be needed.  

  Drugs  u sed and  d uration 
 6 - MP and methotrexate are the synergistic backbone of mainte-
nance therapy. Methotrexate inhibits  de novo  purine synthesis 
and thereby enhances the conversion of mercaptopurine to its 
active metabolite thioguanine. In maintenance therapy: 
   •      There is considerable variation in the individual patient ’ s 
response to the administered drugs. In every day practice the dose 
of the drugs is adjusted so as to achieve myelosuppression, so that 
tolerant patients receive more of the drug. The effect on normal 
hematopoiesis is used as a surrogate for a presumed effect on 
malignant hematopoiesis. There is some evidence for the use of 
such a strategy, with children interrupting therapy for neutrope-
nia faring better  [89] .  
   •      Some children are defi cient in the enzyme thiopurine - S - 
methyltransferase and these children show extreme sensitivity 
to 6 - MP. Heterozygotes may show some sensitivity to the drug.  

   •      The 6 - MP is usually better given on an empty stomach and 
away from milk products. Methotrexate is as effective orally as 
parenterally  [90] .  
   •      There is confl icting evidence about the benefi t that the addition 
of pulses of vincristine and steroid beyond re - induction therapy 
brings and it is probably not very signifi cant  [91] . Such therapy 
brings continuing steroid toxicity.  
   •      There is clear evidence that continuing therapy is necessary and 
despite the increased intensity of earlier therapy, and the evidence 
that such intensity is effective in improving cure rates, it has not 
been possible to reduce the duration of continuing therapy below 
2 years. Some trials continue to offer increased therapy for boys 
(3 years), as opposed to 2 years for girls but there is little evidence 
for such a strategy and evidence that prolonging maintenance 
therapy beyond 3 years is not helpful  [92, 93] .       

  Treatment  f ailure:  p redicting  t reatment  f ailure and 
 a ccounting for  i t 
 The factors associated with an increased risk of treatment failure 
are well described: 
   •      Clinical factors encapsulated by the NCI consensus criteria.  
   •      Disease - related factors, principally cytogenetic and molecular 
genetic factors.    
 There is considerable overlap between these assessment systems 
 –  thus genotypically favorable leukemias more typically have 
good clinical risk features. It is hoped that using gene expression 
profi les from an individual ’ s leukemia might improve the sensi-
tivity of risk determination by giving a molecular profi le of the 
actual leukemia cells. 

 Some children with apparently good risk disease relapse and 
some children with apparently adverse leukemia are cured with 
standard chemotherapy. Assessment of leukemia disappearance 
using morphology or MRD is an attempt to take account of this 
variation in expected response. Some of this variation in response 
is due to inter - individual difference in drug metabolism. These 
pharmacogenomic differences mean that the drug dose delivered 
to leukemia cells is vastly different in some children than others 
and will explain why those drugs delivered in a formulaic fashion 
are sometimes more effective than expected and sometimes less 
so. Knowing these resistant mechanisms might mean that drug 
treatment can be more guided. Some of these differences are 
given in Table  7.6 .    

  Special  s ituations 
  Infant  a cute  l ymphoblastic  l eukemia 
  Features  [110]  
    1     The cell from which ALL in infancy arises is a primitive cell in 
the early stage of commitment to the B lineage. As such:  

   •      There is a high incidence of co - expressed myeloid antigens.  
   •      It is frequently of a null phenotype with CD19+ and 
CD10 – .    

  2     Eighty per cent of cases have MLL gene re - arrangement with 
the commonest translocation being t(4;11).  
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  3     Usually there are adverse clinical and genotypic risk factors 
and there is frequently a poor response to steroid induction 
chemotherapy.  
  4     Very young children do even worse.     

  Treatment 
 Because of the primitive nature of the leukemia, the co - expres-
sion of myeloid antigens, and because of the  in vitro  sensitivity to 
cytarabine, a recently reported protocol Interfant  [99]  attempted 
to improve treatment outcome with a protocol that included 
myeloid as well as lymphoid treatment elements, including 
cytarabine and high dose cytarabine  [111] : 
   •      This protocol reports an event - free survival (EFS) at 4 years of 
about 50%, which is an improvement on previous reports.  
   •      MLL gene, high white blood cell count, younger than 6 months 
and poor steroid response were all independently associated with 
a poor outcome.  
   •      CNS disease in infant leukemia is managed with intrathecal and 
systemic therapy only  –  radiotherapy is not employed in this age 
group.      

  Acute  l ymphoblastic  l eukemia in Down ’ s  s yndrome 
 The incidence of ALL is increased in children with DS although 
the incidence of AML is increased even further, especially in 
young children. Usually there are no additional cytogenetic 
abnormalities in the ALL of DS, either favorable or adverse. 
Outcome is similar to children who do not have DS, in contrast 
to AML where a more favorable outcome is generally seen. 
Therefore, standard treatment protocols should be followed. 
Increased toxicity might be expected, especially with methotrex-
ate administration  [112] .  

  Relapsed  a cute  l ymphoblastic  l eukemia 
 The salient features of relapsed ALL are summarized in the 
Box  7.3 .   

 Many relapses will be predictable from adverse clinical or 
biological factors at diagnosis or from an observed slow response 

  Box 7.3    Relapsed acute lymphoblastic 
leukemia ( ALL ) .

    Affects about 15% of children in current leukemia protocols: 

   •      May be systemic or extra - medullary  

   •      CNS is commonest extra - medullary relapse    

 Prognosis depends on: 

   •      Timing of relapse  –  earlier the worse  

   •      Site of relapse  –  isolated CNS relapse of therapy will have 
prognosis as high as 70%  

   •      Phenotype  –  T - cell will do worse  

   •      Even extra - medullary relapse should be regarded as a 
manifestation of inadequately controlled systemic disease and 
requires systemic therapy as well as locally directed therapy  

   •      The disease may show immunophenotypic, cytogenetic, or 
molecular clonal evolution compared with the original disease     

to treatment. Relapse occurs most commonly in the fi rst year after 
completing therapy and is uncommon, but not unheard of, 4 years 
after completing therapy. Relapse is managed as a systemic disease; 
even isolated extra - medullary disease is regarded as a failure of 
systemic therapy and a harbinger of systemic relapse  [113] . 

 Isolated, late CNS relapse has the best prognosis of relapse. As 
many as 70% of children will be cured with systemic therapy 
(including re - induction, consolidation and maintenance therapy 
for 24 months total therapy duration) and local radiotherapy 
 [76] . 

 For higher risk relapse (early, T - cell and where there has been 
a poor response to relapse therapy  –  as assessed molecularly), 
then allogeneic stem cell transplant will often form part of the 
relapse therapy. This is the major role for transplant in ALL 
although it may be offered to high risk leukemias in fi rst remis-
sion. Usually transplant is applied in relapsed disease after remis-

  Table 7.6     Examples of inherited ( ‘ pharmacogenomic ’ ) differences in the handling of drugs used in the treatment of ALL that may be associated with differences in 
treatment outcome.  

   Drug     Metabolism     Pharmacogenomics  

  Methotrexate    (1) Entry into cell by folate carrier  [94] . (2) Metabolism to 
methotrexate polyglutamates (MTXPG) by folylpolyglutamate 
synthetase (FPGS) [95] . (3) Hydrolysis and inactivation of 
MTXPG by gamma glutamyl hydrolase  [96]   

  (1) Lower steady state concentrations during HD Mts   infusion have increased 
risk of treatment failure  [97, 98] . (2) Hyperdiploid blasts show higher levels 
of MTXPG  [99] . (3) Increasing the dose of methotrexate overcomes this 
resistance in children whose blasts accumulate MTXPG less well  [100]   

  Cytarabine    (1) Prodrug that is phosphorylated intracellularly into Ara - CTG 
 [101, 102] . (2) Cellular uptake by membrane transporter 
(standard dose) or diffusion (high dose)  [103, 104]   

  (1) Failure to retain intracellular AraCTP is commoner in relapsed compared with 
de novo ALL  [105] . (2) Decreased activating enzyme as a means of resistance 
in ALL  [106, 107]   

  6 - MP    (1) Metabolized by HPRT to 6 - TGNs. (2) Inactivated by TPMT 
 [120]   

  (1) Accumulated intracellular TGN related to outcome  [108, 109] . (2) Product of 
red cell MTXPG and TGN is predictive of outcome  [109] . (3) Low TGN can 
discriminate compliance from pharmacological resistance  

   HPRT, hypoxanthine phosphoribosyl transferase. 6 - TGN, 6 - thioguanine nucleotides. TPMT, thiopurine methyl transferase.   
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  Table 7.7    Indications for stem cell transplant in acute lymphoblastic anemia. 

   Remission status     Indication  

  CR1    Alternative or sibling donors: 
   •      Ph+ patients requiring transplant  
   •      Extreme hypodiploidy (DNA index  < 0.81 or  < 44 chromosomes)  
   •      11q23 (MLL) plus slow early response ( > 25% blasts at day 14 or MRD  > 0.1% at day 29)  
   •      Primary induction failure: overt disease at day 29 or  < 25% blasts or MRD  > 1% at day 29 who then fail consolidation with M2 or 

M3 marrow or MRD  > 1% at day 43     
  CR2    Matched sibling donor: 

   •      B - lineage after late bone marrow relapse ( > 36 months after diagnosis)  
   •      B - lineage ALL after early ( < 18 months from diagnosis) isolated extramedullary relapse    
 Alternative or sibling donor: 
   •      B - lineage bone marrow relapse within 3 years of diagnosis  
   •      T - lineage bone relapse at any time  
   •      Ph+ positive marrow relapse at any time  
   •      T - lineage relapse isolated early extramedullary relapse)     

  CR3    Any lineage and at any time  

   MLL, Mixed Lineage Leukemia gene involvement  . MRD, Minimal residual disease.   

sion re - induction therapy and consolidation therapy, and as 
continuing therapy would otherwise be starting. A chemotherapy 
approach alone may be adopted in lower risk cases  –  usually in 
non T - cell disease where there has been a prolonged fi rst remis-
sion  [114] .   

  Transplant in  a cute  l ymphoblastic  l eukemia 
 Transplant is clearly effective in ALL and the following points can 
be made: 
   •      It is a toxic therapy with appreciable short - term mortality risks 
and long - term morbidity risks (growth, infertility). Cases should 
be selected for transplant where it is unlikely that they will be 
cured by chemotherapy alone. Such cases may be in CR1, CR2 or 
 > CR2. Different collaborative groups will have their own indica-
tions which are broadly similar  –  Children ’ s Oncology Group 
(COG) indications are given (see Table  7.7 ).  
   •      It should be a full intensity procedure with total tody irradia-
tion (TBI) as part of the conditioning  –  usually with etoposide or 
cyclophosphamide.  
   •      There is a clear relationship between burden of disease before 
transplant and relapse of disease after transplant. The higher 
the level of MRD then the greater the risk of relapse following 
transplant. Pre - transplant strategies should be directed therefore 
at monitoring and reducing the burden of disease prior to 
transplant.  
   •      There is a reduced mortality risk for non - family donors, but 
this benefi t is probably offset by increased transplant - related 
mortality.       

  Strategies for  f ollow  u p and  i mportant  l ate  e ffects  
(Table  7.8 )  
 Follow up, as in all pediatric oncology, has two purposes: 

   •      To monitor disease response and detect relapse.  
   •      To determine complications of applied treatment.      
 During therapy, patients are usually seen at least weekly during 
intensive phases of therapy and fortnightly during maintenance. 
Most children who will go on to relapse will do so in the fi rst year 
of treatment. The remainder of relapses occurs usually by the end 
of the 4th year of treatment. During this period, marrow relapse 
can be detected by marrow examination, after abnormalities in 
the peripheral blood count have been detected. There is no need 
for serial bone marrow examinations. These may even be confus-
ing as lymphoblasts (even CD10+ ones) may be seen in the 
marrow of normal children. CNS relapse will be diagnosed by 
examination of the CSF after suggestive symptoms are raised by 
the patient. Other extra - medullary relapses will be diagnosed on 
biopsy of the affected organ after suggestive history or fi ndings 
on clinical examination. 

 With time, from completion of therapy, the focus of follow up 
will gradually change from detection of relapse to monitoring for 
adverse and long - term complications of therapy. A spectrum of 
complications will be seen in the long - term follow up clinic. The 
least complications will be in those treated on low intensity pro-
tocols and the most those that have received intensive therapy 
including allogeneic stem cell transplant and cranial or cranio -
 spinal radiation therapy.   

  Summary and  f uture  d irections 

 The treatment of pediatric ALL is a success story and a story that 
the fi eld of oncology is trying to replicate. It is not yet a fi nished 
story. Some children relapse. Children still die of ALL. Some 
children are cured but affected by the long - term consequences of 
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  4     Basic scientifi c research into the mechanisms of leukemia 
needs to be translated into better and more specifi c drugs in the 
way that imatinib has transformed the therapy of CML. Rather 
the brown tablets taken twice a day than the intensive polyche-
motherapy and allogeneic stem cell transplant.     
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   Introduction 

 In this chapter three separate but closely related malignant 
myeloid disorders will be considered  –  acute myeloid leukemia 
(AML), myelodysplastic syndromes and myeloid disorders of 
Down ’ s syndrome. The relevant features of epidemiology, patho-
genesis, clinical presentation, investigation, and therapy of each 
will be considered in turn.  

  Acute  m yeloid  l eukemia 

  Epidemiology 
 AML comprises 5% of childhood cancer, with around 70 new 
cases in British children each year  [1] . The age - specifi c incidence 
is highest in young children, and 20% of cases occur in the fi rst 
5 years of life, after which the incidence is essentially stable 
throughout childhood. The sex incidence is equal. The incidence 
shows geographical variation, and AML is more common in 
China, but less common in the Indian subcontinent. Environ-
mental factors resulting in damage of DNA may be contribu-
tory. The diet of the mother in pregnancy (especially in regard 
to foods containing topoisomerase II inhibitors) may be infl u-
ential, as a result of genetic polymorphisms. Exposure to petro-
leum products, benzene, heavy metals, or ionizing radiation 
are risk factors that are not generally implicated in most child-
hood cases. 

 Although the etiology of most cases is unknown, AML is more 
common in children with certain syndromes: 
   •      Down ’ s syndrome (considered separately, see page 104).  
   •      Klinefelter syndrome.  
   •      Bloom syndrome.  
   •      Neurofi bromatosis type I.  

   •      Ataxia telangectasia.  
   •      Congenital bone marrow failure disorders (Fanconi anemia, 
severe congenital neutropenia, Shwachman syndrome, Diamond -
 Blackfan anemia, thrombocytopenia - absent radius syndrome).     

  Classifi cation 
 The fi rst comprehensive classifi cation used in AML was the 
French - American - British (FAB) type (Table  8.1 )  [2] . A diagnosis 
of AML required 30% leukemia cells (blasts) in the bone marrow. 
Patients with 5 – 30% had myelodysplasia (MDS, see below).   

 As immunophenotypic, cytogenetic, and molecular character-
istics have been described, the usefulness of the FAB classifi cation 
has proved limited, with the exception of acute promyelocytic 
leukemia (APL, FAB type M3) which is readily recognizable on 
light microscopy, and has critically important clinical features 
(see APL section). More recently, the World Health Organization 
(WHO) classifi cation (Table  8.2 )  [3]  has incorporated cytoge-
netic data, whilst lowering the percentage of blasts in the bone 
marrow necessary for the diagnosis of AML in adults to 20%.    

  Clinical  p resentation 
 AML presents with signs and symptoms attributable to bone 
marrow infi ltration and bone marrow failure. Accordingly, 
pallor, bruising, fever, and bone pain are common. Organ infi l-
tration results in hepatosplenomegaly. Gum infi ltration, particu-
larly in monocytic disease, and skin infi ltrates may be observed. 
Some children present with an isolated, extramedullary mass of 
AML, termed a chloroma (as the cut surface is of greenish hue) 
or granulocytic sarcoma, and may have low percentages of leuke-
mic blasts in the bone marrow, or no visible blasts at all. These 
masses commonly occur in and around the orbit, but may be 
paraspinal and cause cord compression. Where bone marrow 
disease is present, extramedullary masses are usually associated 
with FAB types M1 and M2 and cytogenetics most commonly 
show a t(8;21). Some cases, however, have a monocytic compo-
nent, with FAB type M4 or M5. 

 Several groups of children with AML are at high risk of early 
life - threatening complications: 
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  Investigations 
 The complete diagnosis of AML will involve morphological, 
immunophenotypic, cytogenetic, and molecular aspects. 
   •      The diagnosis of AML or MDS requires examination of a good 
quality blood fi lm and bone marrow aspirate.  
   •      Immunophenotyping is readily available in treatment centres 
and is able to ascribe lineage to most leukemia blast cell 
populations.  
   •      Bone marrow cytogenetics should be obtained in every case, 
and G banding is now complemented by rapid assessment using 
fl uorescent  in - situ  hybridization (FISH), and reverse transcriptase 
polymerase chain reaction (RT - PCR) for common fusion genes. 
In AML, favorable karyotypes comprise the t(15;17) characteris-
tic of APL, t(8;21) and inversion of chromosome 16. Adverse 
karyotypes include monosomy 7, deletions of 5q, abnormal 3q, 
t(9;22), and complex karyotypes with three or more abnormali-
ties. All remaining karyotypes are intermediate risk  [4] .  
   •      Inversion 16 and t(8;21) involve genes encoding subunits of the 
core binding factor (CBF). The t(8;21) generates a novel fusion 
protein AML1/ETO, causing abnormal protein – protein signal-
ling. The AML1/ETO interacts with CBF but recruits proteins 
involved in repression of transcription. Inversion 16 creates 
another fusion protein, CBF/MYHII, which also disrupts tran-
scription via CBF by inhibiting binding of AML1. Accordingly 
the two karyotypic changes affect a common transcriptional 
pathway, leading to their description as CBF leukemias. The CBF 
pathway is under investigation for targets for new therapies. The 
match between FAB types and CBF leukemias is not exact, but 
most children with t(8;21) have FAB type M1 or M2, whilst most 
with inversion 16 have M4 with eosinophilia (M4Eo). The 
t(15;17) is tightly associated with APL, and is discussed in detail 
in the APL section of this chapter. In AML, abnormalities of 11q 
with a breakpoint at 11q23, the site of the MLL gene, are particu-
larly but not exclusively associated with monocytic leukemia. 
These mutations disrupt the role of the MLL gene in transcrip-
tional regulation. A large number of partner genes are observed, 
and it is possible that the different fusion genes have varying 
impact on prognosis  –  for example, several groups report a better 
outcome for children with the t(9;11). However, these fi ndings 
are not consistent across studies, and require further elucidation, 
especially as the infl uence of prognostic factors may be protocol 
dependent  [4] .    

 Adverse karyotypes are associated with a reduced complete 
remission (CR) rate and increased relapse risk, with overall sur-
vival of less than 50%. Monosomy 7 carries a poor prognosis in 
AML and MDS, and occurs as a single abnormality, or as part of 
a more complex karyotype. Why monosomy 7 is adverse in AML 
and MDS is unknown, and this situation contrasts with several 
congenital bone marrow failure syndromes where monosomy 7 
occurs as an opportunistic change which may disappear on follow 
up, without adverse infl uence on prognosis. Abnormalities of 5q, 
3q and the t(9;22) are adverse risk factors in adults, but are very 
rare in children with AML. Complex karyotypes, varyingly 
defi ned as more than three or more than fi ve different changes 

   •      Patients with APL may have a severe coagulopathy, due to the 
release of cytoplasmic granules with procoagulant activity, with 
life - threatening bleeding or thrombosis.  
   •      High count AML, especially monocytic disease, carries a risk of 
hyperviscosity syndrome, hemorrhage, and thrombosis in the 
CNS, and pulmonary infi ltrates and respiratory insuffi ciency. 
Release of lysozyme from these monoblasts causes renal potas-
sium loss, and hypokalemia may be profound. Monocytic AML 
is also associated with tumor lysis syndrome and coagulopathy. 
As a result, treatment is a medical emergency, and rapid white 
cell count reduction is important in symptomatic high count 
patients. Anthracyclines are the most useful drugs in this regard 
and should be given on day 1 of therapy.     

  Table 8.1    French - American - British ( FAB ) classifi cation of acute myeloid 
leukemia. 

  M0    Undifferentiated myeloblastic leukemia  
  M1    Myeloblastic leukemia without maturation  
  M2    Myeloblastic leukemia with maturation  
  M3    Acute promelocytic leukemia  
  M4    Acute myelomonocytic leukemia  
  M5    Acute monoblastic leukemia  
  M6    Acute erythroblastic leukemia  
  M7    Acute megakaryoblastic leukemia  

  Table 8.2    World Health Organization classifi cation of acute myeloid leukemia 
( AML ). 

   AML with recurrent genetic abnormalities   
  AML with t(8;21)  
  AML with abnormal bone marrow eosinophils inversion 16 or t(16;16)  
  AML with t(15;17) and variants (Acute promyelocytic leukemia )  
  AML with 11q23 abnormalities  

   AML with multilineage dysplasia   

   AML and myelodysplasia, therapy related   
  AML not otherwise categorized  
  AML minimally differentiated  
  AML without maturation  
  AML with maturation  
  Acute myelomonocytic leukemia  
  Acute monoblastic leukemia  
  Acute erythroid leukemia  
  Acute megakaryoblastic leukemia  
  Acute basophilic leukemia  
  Acute panmyelosis with myelofi brosis  
  Myeloid sarcoma  

   AML of ambiguous lineage   
  Undifferentiated acute leukemia  
  Bilineal acute leukemia  
  Biphenotypic acute leukemia  
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is standard practice to keep children in hospital until bone 
marrow recovery occurs. Planned progressive therapy is required 
for febrile neutropenia, with early introduction of empiric anti-
fungal drugs if fever persists. Since the early introduction of broad 
spectrum antibiotics for fever has become standard, Gram nega-
tive sepsis has been better controlled and most infection - related 
deaths are now fungal, although occasionally viral infections 
(cytomegalovirus, adenovirus, respiratory syncitial virus) have 
proved fatal. 

 Stem cell transplant (SCT) now has a very limited role in fi rst 
line AML therapy, although this area remains contentious. There 
is no evidence that SCT improves outcome for children with 
adverse cytogenetics, and SCT is contraindicated in those with 
favorable cytogenetics due to the high cure rate with chemo-
therapy, and the toxicity associated with SCT (up to 20% of 
treatment - related deaths in most series). The situation is more 
complex in patients with intermediate karyotypes; although SCT 
may reduce relapse, the treatment - related death rate means that 
the overall survival benefi t is small and European groups have 
generally discontinued SCT in fi rst remission for these children. 
However, SCT continues to be considered in the United States 
for intermediate and poor risk cases. 

 Prognostic factors are to an extent protocol dependant but 
include  [8] : 
   •      Age (worse in adolescents and young adults).  
   •      Presenting white cell count (worse with high counts).  
   •      Presence of Down ’ s syndrome (better prognosis).  
   •      FAB type (M3 superior).  
   •      Cytogenetics.  
   •      Race (worse in African Americans treated in the United States).  
   •      Response to therapy (patients with more than 15% blasts in the 
bone marrow on recovery from course 1 have an adverse 
prognosis).  
   •      Performance score (worse with low score).  
   •      Some molecular markers (see Table  8.11 ).    
 Of these prognostic factors, cytogenetics, M3 FAB type, response 
to therapy, Down ’ s syndrome and internal tandem duplications 
of the fms - like tyrosine kinase (FLT3 - ITD) are the most impor-
tant on multivariate analyses. 

 Overall survival (OS) and event - free survival (EFS) range from 
25 to 66% and 47 to 56% respectively in major collaborative 
studies (Table  8.3 ), with relapse rates of 30 – 50% the main cause 
of treatment failure. Although survival rates are broadly similar 
between leading collaborative groups, cumulative doses of 
anthracycline and cytarabine vary considerably (Table  8.4 ).   

 Salvage therapy cures around 25% of children who relapse, and 
the main prognostic factors at relapse are length of fi rst remission 
and cytogenetics  [9] . Children with favorable cytogenetics usually 
have long fi rst remissions and the best outcome with retreatment, 
whilst those with adverse cytogenetics relapse early and are very 
diffi cult to cure. A wide range of standard AML chemotherapy 
regimens are satisfactory for reinduction of remission, achieving 
remission rates of 60 – 70% overall and with no clear differences 
in effi cacy between them. In the United Kingdom high dose 

are also adverse, and there is some evidence that the addition of 
abnormalities of 5q or 3q to monosomy 7 is especially high risk. 
Molecular characterization of AML has gained increasing impor-
tance, as a number of molecular markers may be used to refi ne 
the assessment of prognosis, and may be molecular targets (see 
section on new therapies).  

  Treatment 
 Emergency management of diffi cult clinical presentations  –  high 
white count, electrolyte disturbance, coagulopathy is discussed 
above. This section deals with chemotherapy treatment sched-
ules, supportive care, role of stem cell transplant, management of 
relapsed disease, and important prognostic factors. Subsequent 
sections detail the management of APL and the summary experi-
ence of the major childhood cancer collaborative groups. 
   •      Modern AML therapy is based on induction chemotherapy 
with an anthracycline combined with cytarabine, although sch-
edules vary in choice of anthracycline (usually daunorubicin, 
idarubicin or mitozantrone), total doses, and methods of admin-
istration  [5] . There is no convincing evidence for superiority of 
any anthracycline over daunorubicin. Most schedules include a 
third induction agent, although the superiority of additional 
agents compared with anthracycline and cytarabine alone has not 
been shown in a randomized study. With this combination 80 –
 90% of children achieve CR after two courses. Induction death 
rates are in the region of 5%, with the remainder of induction 
failures due to resistant disease  [6] .  
   •      Consolidation chemotherapy is necessary for cure, although the 
number of courses given varies between collaborative groups, and 
the optimum number within each regimen remains unknown. 
Consolidation courses usually contain high dose cytarabine, and 
it is unknown whether the addition of other drugs improves 
effi cacy. This issue is being addressed in the current MRC AML 
15 study.  
   •      There is no evidence that extended maintenance therapy is 
benefi cial in children treated with intensive induction and con-
solidation, although the Berlin - Frankfurt - Munster group proto-
cols contain this element  [7] .  
   •      Involvement of the central nervous system (CNS) at diagnosis 
occurs in 2% of children, and is associated with monocytic leuke-
mia and AML in infants. The importance of CNS - directed 
therapy for the majority of children is unclear as CNS relapse is 
uncommon, and affects around 3% of children. A limited number 
of intrathecal injections with combinations of methotrexate, 
cytarabine and hydrocortisone are generally administered rou-
tinely to children who are CNS negative at diagnosis. There is no 
role for prophylactic cranial radiation, although this is included 
in BFM protocols because of a reduction in bone marrow relapse 
observed in a subgroup of patients in BFM 87 (see below).    

 AML chemotherapy is intensive, myelosuppressive, and associ-
ated with mucositis which may be severe. Treatment - related 
death rates of up to 20% have been described, but are now typi-
cally under 10%. Accordingly, supportive care needs are high, 
and therapy should only be administered in experienced units. It 



Part II Hematological Disorders

98

there was increased myelotoxicity with delayed recovery of the 
full blood count, but no difference in OS or EFS. The addition of 
either autologous or allogeneic SCT to four courses of chemo-
therapy reduced relapse in AML 10, but allogeneic SCT was asso-
ciated with an increased treatment - related death rate which 
largely offset the reduction in relapse. As the reduction in relapse 
observed with SCT in AML 10 may have been due to a fi fth course 
of treatment rather than SCT  per se , AML 12 randomized chil-
dren between four or fi ve courses of treatment in all (fi fth course 
of chemotherapy high dose cytarabine plus asparaginase). The 
addition of a fi fth course was well tolerated but there was no 
improvement in OS or EFS. Analyses of AML 10 demonstrated 
that karyotype was a prime determinant of prognosis, with 
t(8;21), t(15;17) and inversion 16 favorable, whilst monosomy 7, 
abnormal 5q, abnormal 3q, t(9;22) or complex karyotypes were 
adverse. All other karyotypes were intermediate risk. This risk 
score was adapted to include response to the fi rst course of chem-
otherapy (more than 15% blasts adverse) to defi ne three risk 
groups for AML 12.  

  Berlin - Frankfurt - Munster ( BFM ) Group   [12, 13]   
 BFM protocols have a backbone of induction, consolidation, and 
extended maintenance chemotherapy, currently to a total of 18 
months treatment. Cranial radiation (CRT) is incorporated for 
all patients over 1 year of age, as children who did not receive 
CRT in BFM 87 had a higher relapse rate, both in bone marrow 
and the CNS. Accordingly, BFM therapy has major differences in 
design to most contemporary regimens. Children were divided 
between two risk groups; standard risk had FAB type M1 or M2 
with Auer rods, M3, or M4Eo with  < 5% blasts in bone marrow 
at day 15, whereas all other children were high risk. In effect, FAB 
types were used as a surrogate for favorable cytogenetics as karyo-
types were not uniformly available. BFM 93 was associated with 
improved survival compared with BFM 87, and randomized ida-
rubicin and daunorubicin in induction for all patients, and high 
dose cytarabine with mitozantrone (HAM) in consolidation for 

cytarabine and fl udarabine (FLA) has been favored in recent years 
due to the high anthracycline dosage used in fi rst line therapy. 

 Consolidation is usually by SCT, either from a matched donor 
or using autologous cells. The survival following SCT is around 
40% with no signifi cant differences between the source of stem 
cells  –  matched unrelated donor SCT has a lower rate of relapse 
but more treatment - related deaths than matched family donor 
SCT. Autologous SCT has the lowest treatment - related mortality 
but also the highest rate of relapse. Haploidentical SCT has been 
successfully used in the absence of a matched donor, but has the 
highest treatment - related mortality. Some children survive after 
chemotherapy alone in second remission, so this is an option if 
treatment toxicities preclude SCT.  

  Experience of  m ajor  c ollaborative  t rial  g roups 
  Medical Research Council  AML  10 and  AML  12  t rials   [10, 11]   
 These two studies assessed different combinations of anthracy-
cline and cytarabine - based induction chemotherapy (ADE versus 
DAT, AML 10), and found no difference in effi cacy whether thio-
guanine or etoposide was used as the third drug. If mitozantrone 
was substituted for daunorubicin (MAE versus ADE, AML 12), 

  Table 8.3    Key features of recent large (over 100 children registered) collaborative trials for the treatment of acute myeloid leukemia ( AML ) in children aged under 15 
years. 

   Trial      n      CR rate (%)     Death in CR (%)     Relapse 
 (%)  

   BMT 
 (%)  

   EFS 
 (%)  

   OS 
 (%)  

  AML 12    564    92    6    35    15    56    66  
  BFM 93    427    83    4    28    7    51    58  
  NOPHO 93    223    92    2    39    25    49    66  
  AIEOP 92    160    89    7    32    29    54    60  
  CCG 2891    750    78    15    47    34    47    25  
  EORTC 58921    166    84    6    34    20    48    62  
  LAME 91    247    91    6    36    30    48    62  
  POG 8821    511    77    8    45    13    32    42  

   Children with Down ’ s syndrome, secondary AML, and preceding myelodysplasia excluded. CR, complete remission. BMT, bone marrow transplant, EFS, event - free survival. 
OS, overall survival.   

  Table 8.4    Cumulative doses of anthracycline, cytarabine, and etoposide in 
major collaborative trials. 

   Trial     Anthracycline 
mg/m 2   

   Cytarabine 
g/m 2   

   Etoposide 
mg/m 2   

  AML 12    550    10.6    1500  
  BFM 93    300 – 400    41    950  
  NOPHO 93    300 – 375    49 – 61    1600  
  CCG 2891    180    14.6    1100  
  EORTC 58921    380    23 – 29    1350  
  LAME 91    460    9.8 – 13.4    400  
  POG 8821    360    55.7    2250  
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improved survival compared with chemotherapy alone due to 
reduced relapse, but these results were subsequently improved by 
the simultaneous administration of ATRA with chemotherapy, 
until CR was achieved. Although anthracyclines are key compo-
nents of therapy, questions remain as to whether any one anthra-
cycline is superior to the others, and whether the addition of 
other agents, especially cytarabine, improves outcome. 

 Supportive care during induction therapy is of critical impor-
tance. ATRA usually leads to rapid resolution of DIC, but support 
of coagulation by transfusion of fresh frozen plasma, cryoprecipi-
tate, and platelets must be used as necessary until the coagulopa-
thy resolves. A standard approach is maintenance of fi brinogen 
above 1   g/l and platelets above 50    ×    109/l. A risk of both ATRA 
and ATO is the development of a differentiation syndrome char-
acterized by fever, tachypnoea, hypoxia, pulmonary infi ltrates, 
headaches, and confusion in around 10% of patients. This com-
plication is more common with presenting white cell count above 
10    ×    109/l, and should be treated with dexamethasone 10   mg/m 2  
twice daily. ATRA/ATO should be temporarily discontinued if 
the syndrome is severe, or fails to respond to dexamethasone. Up 
to 40% of children present with a white blood cell count over 
10    ×    109/l, associated with M3 variant morphology, FLT3 - ITD, 
and a higher risk of treatment failure due to both increased 
induction deaths and relapse. 

 Evaluation of treatment response must be circumspect. 
Abnormal promyelocytes may persist for 40 – 50 days, and CR is 
achieved in virtually all patients. Molecular and cytogenetic tests 
at the end of induction have no prognostic value, and must not 
be misinterpreted as indicating resistant disease. Anthracycline -
 based consolidation therapy is associated with very high levels of 
molecular remission. The advantage of continued ATRA after 
remission has been achieved has not been proven in a rand-
omized study. The role of cytarabine in consolidation is contro-
versial. Variables confounding conclusions from the published 
series include differing combinations of anthracyclines, and total 
anthracycline doses. Cytarabine may be important in regimens 
with lower total anthracycline exposure. 

 The role of ATO is still under evaluation. Several studies have 
demonstrated high CR rates with ATO alone or especially when 
combined with ATRA. ATO has now been included in phase III 
studies for newly diagnosed disease in both children and adults, 
and as salvage therapy for molecular or hematologic relapse. The 
role of hemopoietic stem cell transplant (HSCT) is very limited. 
Children with persistent molecular disease (by end - stage polymer-
ase chain reaction with low sensitivity of 10 - 3) at the end of 
consolidation, or following relapse, are considered for HSCT 
after salvage therapy with ATO and gemtuzamab. Autologous 
HSCT may be adequate in children who become molecularly 
negative, with allogeneic HSCT reserved for persistent molecular 
positivity. Molecular monitoring is important, as a better outcome 
has been shown for patients diagnosed and treated for molecular 
relapse rather than at hematological relapse. 

 Maintenance therapy with ATRA, mercaptopurine and meth-
otrexate is of unproven benefi t in APL. A study by the European 

high - risk patients. HAM was given either before (early) or after 
(late) a standard BFM consolidation block. Results in high - risk 
patients improved compared with BFM 87, but not for the stand-
ard risk group. Although there was more rapid clearance of blasts 
as assessed on a day 15 bone marrow aspirate in children receiv-
ing idarubicin, there was no difference between idarubicin and 
daunorubicin in any measure of survival. There was some evi-
dence that children given daunorubicin benefi ted from early 
rather than late HAM. 

  Children ’ s Cancer Study Group ( CCG )   [14, 15]   
 Three studies were conducted between 1979 and 1995. The most 
recent study, CCG - 2891, compared standard with intensifi ed 
timing of induction chemotherapy using a fi ve drug regimen 
(DCTER). In standard timing, hematologic recovery was allowed 
between courses unless there was evidence of resistant disease 
on a day 14 bone marrow, whereas with intensifi ed induction 
therapy DCTER was timetabled for days 0 – 3 and 10 – 13. 
Remission rates were similar, but treatment - related deaths were 
more common, and relapse risk reduced in the intensive arm 
with a superior EFS. Children with Down ’ s syndrome had better 
survival with standard intensity treatment, due to fewer therapy -
 related deaths. However, overall survival was disappointing and 
the current Children ’ s Oncology study is based on the MRC 
AML 12 backbone.     

  Acute  p romyelocytic  l eukemia ( APL )   [16 – 19]   

 APL is uncommon, and comprises 8% of AML in children but 
has important biological and clinical characteristics. Around 95% 
of cases of APL are associated with a t(15;17) translocation, result-
ing in the PML/RAR fusion gene. In the remaining cases, RAR is 
fused to an alternative partner, in children most commonly the 
nucleophosmin gene (NPM1) in the t(5;17). Other subtypes 
include fusion with NuMA in the t(11;17), or the promyelocytic 
zinc fi nger (PLZF) gene. RAR is a member of the RA nuclear 
receptor family that acts as a ligand inducible transcription factor. 
PML controls p53 dependent induction of apoptosis, growth 
suppression, and is required for transcriptional repression by 
other tumor suppressors. The PML - RAR fusion protein functions 
as an aberrant retinoid receptor, and is resistant to physiologic 
concentrations of retinoic acid. The block is overcome, however, 
by therapeutic concentrations produced by all  –  transretinoic acid 
(ATRA), and arsenic trioxide (ATO) degrades the protein whilst 
also inducing apoptosis via induction of the proenzymes of 
caspase 2 and 3 and activation of caspases 1 and 3. 

 Besides the high risk of coagulopathy, APL has two unique 
features, namely a high sensitivity to anthracyclines, possibly due 
to low expression of P glycoprotein, and marked responsiveness 
to ATRA and ATO. ATRA as a single agent achieves a high CR 
rate, but relapse was common unless consolidation chemother-
apy was administered. Several clinical trials demonstrated that 
ATRA administered prior to chemotherapy was associated with 
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   •      There are a number of patients, e.g. those with eosinophilia and 
dysplastic blood and bone marrows, for whom it is impossible to 
assign an FAB type.  
   •      Both therapy - induced MDS and MDS occurring in association 
with congenital bone marrow disorders may defy classifi cation by 
the scheme, the bone marrow showing hypoplasia and/or fi brosis 
in addition to dysplasia.      

 More recently, an international consensus has been developed, 
adapting the recent WHO classifi cation (Table  8.6 )  [29] , and 
subdividing MDS in children into a proliferative group com-
prising juvenile myelomonocytic leukemia, a group of adult - 
type MDS, and a number of very rare or secondary disorders 
 [30] . MDS and AML of Down ’ s Syndrome are dealt with 
separately.    

  Epidemiology and  c auses 
 There have been a number of recent estimates of the incidence of 
MDS in childhood. A population - based study in Denmark esti-
mated that the incidence of MDS approximated that of AML at 
4.0 new cases/million children/year, thus representing 9% of all 
hematologic malignancies, whereas in the northern region in 
England the estimated incidence was 0.53/million or 1% of malig-
nancies  [30] . A report from the national UK childhood MDS 
registry gave an annual incidence of 1.4/million over a 10 - year 
period, with around 15 new cases each year  [31] . These discrep-
ancies could be due in part to the inclusion or exclusion of more 
aggressive forms (e.g. refractory anemia with excess of blasts in 
transformation) as either MDS or AML rather than any true vari-
ation in incidence. The diagnosis of MDS implies the fi nding of 
consistent hematologic abnormalities over a period of time, thus 
excluding patients with morphologic abnormalities in association 
with infection which may resolve spontaneously or patients 
whose abnormalities progress to frank AML within weeks. The 

APL group indicated that maintenance was benefi cial, especially 
for patients with a high white cell count at presentation, whereas 
a study by the GIMEMA group showed no benefi t for mainte-
nance (although the total dose of anthracycline was higher in this 
study). It is possible that effi cacy is related to the intensity of 
initial therapy, that is maintenance is of benefi t for patients 
receiving less intensive protocols with lower doses of anthracy-
cline in induction and consolidation. Iin the future, the use of 
molecular monitoring may allow selection of patients for main-
tenance therapy.  

  Myelodysplastic  s yndromes 

  Classifi cations of  m yelodysplastic  s yndromes 
 Myelodysplastic and myeloproliferative disorders comprise 
under 5% of childhood leukemias. The myelodysplastic syn-
dromes (MDS) were historically characterized by a cellular 
marrow with peripheral pancytopenia and were fi rst described as 
smouldering leukemia or pre - leukemia; they were predominantly 
disorders of late adult life and have since been well classifi ed in 
the extensive adult literature. Early reports of chronic leukemias 
in childhood made no distinction between chronic myeloid 
leukemia (CML) and what would now be deemed MDS and only 
in the last few years have any serious attempts been made to clas-
sify pediatric MDS  [20] , which differs in many important respects 
from the disease in adults  [21 – 26] . 

 The morphologic classifi cation of MDS in adults was rational-
ized by the efforts of the FAB group (Table  8.5 )  [27] , and terms 
such as pre - leukemia tended to be abandoned in favour of the 
appropriate FAB type of MDS. This FAB classifi cation is unsatis-
factory for childhood MDS for a number of reasons: 
   •      Many children with MDS have a monocytosis which thus auto-
matically classes them as having chronic myelomonocytic leuke-
mia (CMML) which is clinically inappropriate  [28] .  

  Table 8.5    French - American - British ( FAB ) classifi cation of myelodysplastic 
syndromes. 

   Type     Blood fi lm     Bone marrow  

  Refractory anemia (RA)    Blasts  <    1%    Blasts  <    5%  
  RA with ringed 

sideroblasts (RARS)  
  As in RA    As in RA but  >    15% of 

erythroblasts as ringed 
sideroblasts  

  RA with excess of blasts 
(RAEB)  

  Blasts  <    5%    Blasts 5 – 20%  

  RAEB in transformation 
(RAEBt)  

  Blasts  >    5% 
 Auer rods  

  As RAEB but 20 – 30% 
 blasts 
 Auer rods  

  Chronic myelomonocytic 
leukemia (CMML)  

  Monocytes    >    1    ×    10 9 /l 
 Blasts  <    5%  *    

  Blasts  <    20%  

    *    CMML in children is often associated with a higher blast count in the blood, 
but marrow blasts should not exceed 20% and Auer rods should not be present.   

  Table 8.6    Pediatric modifi cation of the World Health Organization classifi cation 
of myelodysplastic disorders. 

   Proliferative   
  Juvenile myelomonocytic leukemia  

   Down ’ s syndrome disease   
  Transient abnormal myelopoiesis  
  Myeloid leukemia of Down syndrome  

   Myelodysplastic syndrome   
  Refractory cytopenia  
  Refractory anemia with excess blasts  
  Refractory anemia with excess blasts in transformation  
  Refractory anemia with ring sideroblasts  *    

   Myelodysplasia with eosinophilia   

   Other   

    *    Extremely rare in children.   
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bone marrow  [33 – 37] . By contrast, secondary acute leukemia in 
patients who have been treated with topoisomerase II inhibitors 
usually occurs without any dysplastic prodrome. 

 Alkylating agent - induced MDS/AML tends to occur after 4 – 5 
years, is associated with a preceding phase of MDS and is char-
acterized by deletions from chromosomes 5 and 7. This disease 
is refractory to chemotherapy. The second, more recently 
described type of acute leukemia, is related to treatment with 
topoisomerase II inhibitors and is associated with a shorter 
induction period and presentation as acute leukemia without a 
preceding MDS. Alkylating agent - induced MDS does not always 
conform to the FAB subtypes. There is often a relatively low 
proportion of blasts at the time of diagnosis but this is accompa-
nied by marked morphologic changes in all cell lines. There may 
be basophilia in both blood and bone marrow and cellularity is 
variable, with fi brosis in some cases producing a dilute aspirate. 
Clonal cytogenetic abnormalities are found in  > 90% of cases and 
the majority involves chromosomes 5 and 7. Topoisomerase 
inhibitor - related leukemia, which may be lymphoblastic or mye-
loblastic, has been more systematically studied in children because 
of its increased incidence in children with ALL receiving intensive 
epipodophyllotoxin treatment. This risk is protocol dependent. 
In one series, secondary AML was diagnosed in 21 of 734 patients 
treated for ALL  [38] ; the overall cumulative risk was 3.8% at 6 
years, but in a subgroup of children receiving epipodophyllins 
weekly or twice weekly the risk was 12%. The scheduling of drug 
administration infl uenced the development of AML; the total 
dose, type of leukemia and radiotherapy had no infl uence on the 
risk of AML  [39] . More detailed study showed that the majority 
of patients had myeloid or myelomonocytic leukemia and that 
chromosomal translocations predominantly involved the 11q23 
region, most commonly as t(9;11) or t(11;19). 

 More recently, another group of therapy - related leukemias has 
been described in association with t(8;21), inv(16) and t(8;16) 
and t(15;17) after topoisomerase inhibitor therapy, alkylating 
agent therapy, or anthracycline therapy. These do not usually 
have a dysplastic prodrome and the risk factors have not been 
so precisely defi ned, but there is a similar correlation between 
the cytogenetic fi ndings, morphology, and response to treatment, 
as in  de novo  AML, so that patients may respond to chemo-
therapy  [40] .  

  Clinical  p resentation 
 The symptoms and signs of MDS are more insidious than those 
of acute leukemia, and the diagnosis may even be made inciden-
tally. Pallor is common, bacterial infections may be a conse-
quence of neutropenia or defective neutrophil function and 
bruising may be due to thrombocytopenia or defective platelet 
function. Patients may also present with a prolonged history of 
repeated infections which is suggestive of congenital immune 
defi ciency. Some children with juvenile myelomonocytic leuke-
mia (JMML) develop weight loss and failure - to - thrive. Lymph 
node enlargement is unusual except in JMML. The liver and 
spleen may be enlarged or impalpable. A characteristic skin rash 

distinction between refractory anemia with an excess of blasts 
with or without transformation and AML is an arbitrary one since 
patients may present with an abnormal count but a low percent-
age of blasts in the marrow and develop overt AML within weeks 
or even days. The diagnosis of true MDS implies a more indolent 
course demonstrating consistent hematologic abnormalities 
without evolution to AML over a 2 - month period. The distinc-
tion is helped by careful review of morphology since patients 
with true MDS will exhibit multilineage dysplasia and also by 
the cytogenetic fi ndings; t(8;21), t(15;17), t(9;11) and inv (16) 
all being associated with de novo AML (see section on 
investigations). 

 MDS arises more rarely in the previously well child than acute 
myeloid or lymphoid leukemias. Its causes and associations are 
given in Table  8.7  and discussed in greater detail here.   

 A characteristic feature of MDS in childhood is a strong asso-
ciation with congenital disorders and genetic syndromes. In 
recent non - population - based reports between one - quarter and 
one - half of patients have shown some phenotypic abnormality. 
There are a number of families described in the literature with no 
apparent congenital or genetic abnormality in whom more than 
one member has developed MDS or AML. MDS with monosomy 
7 has been described in infant siblings, but in other families more 
than one member has developed AML or MDS in later childhood 
or adult life, sometimes in association with a familial platelet 
storage pool disorder. In several instances, the development of 
MDS has been associated with evolution of a cytogenetic abnor-
mality in the bone marrow, most often monosomy 7 or 5. 

 Immunosuppressive therapy with antilymphocyte globulin 
and cyclosporin A has improved survival in patients with acquired 
aplastic anemia, particularly those without a histocompatible 
sibling donor. However, children treated by immunosuppression 
are at increased risk of MDS  [32] . Secondary MDS with a predi-
lection to development of AML was fi rst described in patients 
treated for Hodgkin ’ s disease, multiple myeloma, and ovarian 
cancer who had received alkylating agents, and more recently 
after high - dose chemoradiotherapy and infusion of autologous 

  Table 8.7    Conditions associated with myelodysplasia in children. 

   Congenital   
  Down ’ s syndrome  
  Neurofi bromatosis type I  
  Noonan syndrome  
  Fanconi anemia  
  Diamond - Blackfan anemia  
  Shwachman - Diamond syndrome  
  Severe congenital neutropenia  
  Familial myelodysplasia  

   Acquired   
  Aplastic anemia  
  Prior cytotoxic or radiation therapy  
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   •      In the diagnosis of MDS (Table  8.8 ), it is essential to examine 
the blood fi lm and bone marrow in tandem. The blood fi lm is 
often more informative in reaching a diagnosis. A trephine biopsy 
of the bone marrow should be obtained in all cases and important 
observations include overall cellularity of the bone marrow, rela-
tive proportions, and morphology of the three cell lines, espe-
cially the megakaryocytes, presence of fi brosis and reticulin, and 
of abnormally - localized immature precursor cells (ALIP). These 
are aggregates of myeloblasts and promyelocytes in the inter-
trabecular region in the bone marrow biopsy.  
   •      Other investigations, such as measurement of haemoglobin F 
(HbF), neutrophil function, and platelet function may serve to 
confi rm abnormalities of development of the three cell lines. 
Measurement of the HbF before any transfusions of red cells is 
essential in JMML. Immunologic abnormalities may include low 
immunoglobulins, autoantibodies or even abnormalities of lym-
phocyte subsets. There may be antinuclear antibodies, anti - IgG 
antibodies, and autoimmune haemolysis and thrombocytopenia.  
   •      It may be necessary to exclude congenital viral infections. The 
hematologic appearances of HIV infection in adults may mimic 
MDS but this presentation has not been described in children.       

  Investigation of  j uvenile  m yelomonocytic  l eukemia 
 A characteristic feature of JMML is an increase in the HbF level, 
which may increase progressively as the disease progresses, 
and a fetal pattern of alpha - globin chain synthesis. This is accom-
panied by a raised mean corpuscular volume (MCV), fetal 
pattern of 2,3 - DPG and red cell enzyme production, red cell i/I 
antigen and carbonic anhydrase. While the diagnosis usually 
presents little diffi culty, some patients with classic clinical fea-
tures, including a grossly raised HbF, have a blood fi lm with 
dominant normoblasts, almost suggestive of erythroleukemia, 
while in others the distinction from monocytic AML may be a 
fi ne one. Cytogenetic analysis in classical JMML with a grossly 
raised HbF is usually normal, but monosomy 7 may be found 
in some cases.  

  Investigation of  r efractory  a nemia 
 Refractory anemia must be distinguished from secondary changes 
due to systemic infl ammatory disorders, congenital dyserythro-
poietic anemias and megaloblastic anemia and the presence of 
clonal cytogenetic abnormalities is helpful in confi rming the 
diagnosis; without such abnormalities the diagnosis should be 
entertained with caution. 

 Refractory anemia with ringed sideroblasts (RARS) is excep-
tionally rare in pediatrics with only one case identifi ed in the UK 
registry and can only be diagnosed with confi dence in the pres-
ence of a cytogenetic abnormality. Several sideroblastic disorders 
must be excluded. Congenital sideroblastic anemia, due to abnor-
malities of heme synthesis, is usually associated with a dimorphic 
blood fi lm; abnormalities of megakaryocytes and granulocytes are 
not seen. Sideroblastic anemia is also a feature of mitochondrial 
cytopathies, a group of disorders characterized by cortical neuro-

may occur on the face or trunk in JMML, and occasionally in 
infants with other types of MDS in association with mono-
somy 7. 

 JMML is an extremely heterogeneous disease which is more 
common in boys and in children aged less than 2 years. There is 
an association with neurofi bromatosis, which may be found in 
14% of patients, and Noonan syndrome. The clinical spectrum 
varies from a relatively benign disease in infants with hepat-
osplenomegaly and monocytosis to the classical disease usually in 
older children with bleeding, thrombocytopenia, enlarged lymph 
nodes and splenomegaly. Progression of the disease is accompa-
nied by wasting, fever, infections, bleeding and pulmonary infi l-
trations. The typical skin rash, which may precede other symptoms 
by months, is classically of a butterfl y distribution but may be 
more extensive, and on biopsy shows a non - specifi c infi ltration 
with lymphocytes and histiocytes. The appearance of the blood 
fi lm is more diagnostic than that of the bone marrow, and clas-
sically shows abnormal monocytes and blast cells with dysplasia 
in all cell lines. 

 The original detailed hematologic description of JMML has 
been complemented by a recent retrospective review of 110 cases 
strictly classifi ed by the FAB criteria, except that  > 5% blasts were 
allowed in the blood. The median leukocyte count was 35    ×    109/l 
and exceeded 100    ×    109/l in only 7% of cases, eosinophilia was 
present in 8% of cases and basophilia in 28% while over half the 
patients had thrombocytopenia of  < 50    ×    109/l.  

  Investigations 
  General  c onsiderations 
     •      Table  8.8  gives the diagnostic criteria for MDS and these criteria 
should be specifi cally sought for during investigation. It is im-
portant to consider differential diagnosis in this rare condition.  

  Table 8.8    Diagnostic criteria for myelodysplasia and juvenile monocytic 
leukemia in children. 

   At least two of the following   
  Blood cytopenia  
  Bilineage dysplasia  
  Excess of blasts in the bone marrow  
  Cytogenetic clone in bone marrow  

   Diagnostic criteria for juvenile myelomonocytic leukemia   

  Essential  
  Monocyte count  > 1    ×    10 9 /l  
   < 20% blasts in the bone marrow  
  Absence of t(9;22)  

  Plus two from  
  White blood count  > 10    ×    10 9 /l  
  Myeloid precursors on blood fi lm  
  Cytogenetic clone in bone marrow  
  Hypersensitivity to granulocyte - macrophage colony stimulating factor (GM - CSF)  
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   •      RAEB has responded more poorly to chemotherapy than  de 
novo  AML.  
   •      Refractory anemia is unresponsive.  
   •      JMML is not cured by chemotherapy, although temporary 
control of symptoms may be achieved.    

 In a series from the United Kingdom, children with RAEB in 
transformation had similar survival (63%) to those with  de novo  
AML when treated with the same chemotherapy  [41] . Although 
children with typical AML cytogenetic changes were excluded it 
was unclear whether all these children had stable MDS before 
treatment. Outcome for children with RAEB was signifi cantly 
worse (28%). Monosomy 7 carried a strong adverse prognosis in 
both groups, and after allowance for adverse cytogenetics, which 
were more common in MDS, survival was similar to that for 
children with de novo AML. 

 High - dose chemotherapy and/or radiotherapy with SCT is the 
only curative treatment for most patients with MDS  [42, 43] . The 
choice between chemotherapy alone for conditioning and regi-
mens including TBI is in part dictated by consideration of the 
potential late effects of treatment, naturally an issue of extreme 
concern in the growing child (see late effects section). Currently, 
therefore, it seems appropriate to use chemotherapy alone as a 
preparative regimen, at least in standard transplants from an 
HLA - identical sibling. Reduced intensity conditioning may be 
appropriate for selected children with refractory cytopenia, for 
example children with normal cytogenetics or hypocellular bone 
marrows, or those with other organ system abnormalities and at 
increased risk of treatment toxicity. 

 There is a risk of relapse after SCT as after all other forms of 
treatment for MDS. This varies with the type and stage of MDS, 
and the type of donor and the results of treatment after relapse 
are unsatisfactory. Donor leukocyte infusions have shown some 
promise in the management of relapse in JMML, and should be 
considered as part of therapy in this setting  [44] . 

  Refractory  a nemia 
 An expectant approach is reasonable if the patient is well, not 
blood - product dependent, and has no evidence of disease pro-
gression, and is recommended particularly in the absence of any 
cytogenetic abnormality. Children who are transfusion depend-
ent, with failure to thrive, infections or monosomy 7 should be 
considered for matched donor SCT.  

  Refractory  a nemia with  e xcess of  b lasts and  RAEB  
in  t ransformation 
 In many national studies these patients are eligible for treatment 
with chemotherapy as if they had frank AML. In most centers 
these children are eligible for SCT, at least if they have a matched 
donor. However, the use of chemotherapy where SCT is planned 
is contentious, and many centres recommend elective SCT 
without prior AML chemotherapy in stable patients. If chemo-
therapy is used, and a CR obtained, it is reasonable to withhold 
SCT in children who do not have an adverse karyotype.  

logic impairment, metabolic acidosis and multiorgan involve-
ment. The most typical of these is Pearson ’ s syndrome of 
pancreatic insuffi ciency, neutropenia and a bone marrow showing 
vacuolated precursors and ringed sideroblasts. Hematologic 
abnormalities may be the dominant and indeed the only clinical 
feature of mitochondrial cytopathies at presentation and thus the 
distinction from MDS may be diffi cult. Mitochondrial cytopa-
thies should be excluded in any patient with apparent sideroblas-
tic anemia and it may be necessary to look for abnormal 
mitochondrial DNA on several occasions and to perform a 
muscle biopsy to confi rm the diagnosis. 

 Reduced cellularity is a feature of around one - third of children 
with refractory cytopenia, and minor dysplastic changes are fre-
quently observed in acquired aplastic anemia so on occasion there 
may be diagnostic uncertainty in distinguishing these disorders. 
The hypoplastic trephine appearances, absence of ALIP and 
absence of cytogenetic abnormalities in aplasia should help to 
make the distinction apparent.  

  The  s ignifi cance of  c ytogenetic  a bnormality 
 Cytogenetic abnormalities are found in about 50% of cases of 
primary MDS in both children and adults and in    >    90% of 
patients with therapy - induced MDS. The results of cytogenetic 
analyses in children with JMML and MDS and included in the 
UK national registry are shown in Table  8.9 . The most notable 
distinction between the cytogenetic fi ndings in MDS and those 
in AML is the predominance of whole chromosome losses or 
partial deletions and the relative infrequency of translocations in 
MDS.   

 Monosomy 7 has a strongly adverse prognostic signifi cance in 
refractory cytopenia and refractory anemia with excess blasts 
(RAEB), whilst age over 2 years, high HbF, and low platelet count 
are adverse in JMML.   

  Treatment of  m yelodysplastic  s yndromes 
 There is limited information about the role of chemotherapy in 
children with MDS as those data available are selected series, and 
differentiate poorly between the different FAB or WHO types. 
Generally it is possible to state: 

  Table 8.9    Cytogenetic fi ndings in children with juvenile myelomonocytic 
leukaemia ( JMML ) and myelodysplasia ( MDS ) in the  UK  registry. 

   Abnormality     JMML (%)     MDS (%)  

  Normal karyotype    66    37  
  Monosomy 7    15    32  
  Other 7 abnormality    1.6    8  
  Trisomy 8    3.2    8  
  Complex    4.8    0  
  Others    9.6    13.6  
  Failed        1.3  
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 The spectrum of myeloid disease includes: 
   •      A usually self - limiting myeloproliferative disorder of the 
newborn called transient abnormal myelopoiesis (TAM) or tran-
sient leukemia (TL)  [50] .  
   •      MDS.  
   •      AML  [51] .    

 MDS and AML in DS are closely linked with biological and 
clinical features distinct from the diseases in non - DS children, 
and are now recognized as a single specifi c entity. Myeloid leuke-
mia of Down ’ s syndrome (ML - DS) is the proposed WHO clas-
sifi cation  [52] . 

 Although there are insuffi cient data to be precise regarding the 
incidence of TAM in DS, best estimates suggest 10 – 20% of all DS 
babies may be affected. The leukemic blasts in TAM and ML - DS 
are typically, but not exclusively, classifi ed as FAB group M7. 
Recently, GATA - 1 mutations have been described in DNA 
extracted from blast cells in DS children with TAM and ML - DS, 
and are already considered pathognomonic  [53] . GATA - 1 muta-
tions have also been detected in Guthrie spot cards of several DS 
infants without TAM, although follow up was insuffi cient to 
exclude the later development of ML - DS in these infants. GATA -
 1 is a transcription factor necessary for the development of 
normal megakaryocytes, erythrocytes, eosinophils and mast cells, 
and in animal knockout models, absence of GATA - 1 results in 
increased megakaryocyte proliferation with megakaryocyte dys-
plasia, differentiation arrest, and apoptosis in erythroid progeni-
tors. As TAM is self - limiting, further unidentifi ed genetic changes 
are considered necessary to produce the ML - DS phenotype. 

 Gene dosage or disomy of a leukemia predisposition gene or 
genes regulating haemopoiesis on chromosome 21 is a presumed 
mechanism of leukemogenesis in DS, although there is a lack of 
clear evidence to favor this hypothesis. The AML - 1 gene (on 
chromosome 21 at q22.1 - 22.2), a partner in several leukemia 
translocations implicated in ALL, AML and MDS, is situated 
within the critical region for DS (21q22), and has a role in 
megakaryocyte differentiation, but has no proven role in 
ML - DS.  

  Clinical  p resentation and  i nvestigation 
 Transient abnormal myelopoiesis may affect the fetus, and is a 
cause of hydrops fetalis and intrauterine death. However, the 
majority of affected infants are asymptomatic, and TAM is 
detected with leucocytosis and circulating blasts on blood counts 
and blood fi lms undertaken for other reasons. Some infants also 
have hepatosplenomegaly or skin infi ltrates. In those most 
severely affected there may be ascites, pleural, or pericardial effu-
sions, or liver dysfunction with obstructive jaundice from hepatic 
fi brosis, due to tissue infi ltration and production of platelet -
 derived growth factor. In this group the disease may prove fatal, 
but TAM is usually self - limiting, with resolution of clinical and 
laboratory features over several months. Around 25% of children 
diagnosed with TAM subsequently develop ML - DS between 1 
and 4 years of age. Rarely, ML - DS evolves directly from TAM 
with no intervening period of normality. 

  Juvenile  m onomyelocytic  l eukemia 
 Most children with JMML require SCT  [43, 45] . In ill children, 
cytoreduction by chemotherapy and/or splenectomy are 
benefi cial before SCT. A small proportion of children, especially 
those with Noonan syndrome, who clinically appear to have 
JMML have an indolent course, and gradually stabilize. Such 
individuals then remain well indefi nitely. The molecular basis 
for this behaviour needs elucidation.  

  Myelodysplastic  s yndromes with  e osinophilia 
 A raised eosinophil count is characteristic of chronic myelopro-
liferative disorders, CMML and the idiopathic hypereosinophilic 
syndrome, and may be secondary to infections or infestation. 
Rarely, children have eosinophilia and myelodysplasia, and this 
eosinophilic MDS is associated with translocations involving 
chromosome 5q  [46, 47] . Other children have mutations of chro-
mosome 4 at q12, with constitutive activation of a fusion tyrosine 
kinase gene formed between the platelet derived growth factor 
and the FIP - like - 1 gene  [48] . Recently, successful therapy with 
the tyrosine kinase inhibitor imatinib has been described in a 
number of these patients, and the mutation should be screened 
for in children with eosinophilic MDS. 

 Although both hydroxyurea and interferon therapy have been 
recommended in eosinophilic MDS, this has not been born out 
in clinical experience, and SCT would appear to be the most 
appropriate form of treatment provided that there is strong evi-
dence of a clonal disorder.  

  Therapy -  r elated  m yelodysplastic  s yndromes 
 There is relatively little reported pediatric experience in the man-
agement of secondary malignancies. It appears that the response 
to treatment can be predicted by the biology of the leukemia, but 
any remissions achieved tend to be short lived. Thus, secondary 
AML with chromosome 5 and 7 abnormalities is highly resistant 
to chemotherapy and while remissions can be achieved with com-
bination chemotherapy in children with 11q23 leukemia, and 
even in half those receiving 2 - chlorodeoxyadenosine as a single 
agent, the long - term survival rate is extremely poor. The only 
exception to this poor prognosis is the small group of patients 
with more favorable translocations such as t(8;21) or t(15;17), 
who tend to have a better response to treatment. 

 A recent study of intensive chemotherapy for secondary AML 
showed a 2 - year disease - free survival of only 8% for patients with 
abnormal cytogenetics, thus confi rming the dismal prognosis. It 
would appear that SCT affords the only chance of cure.    

  Down ’ s  s yndrome and  m yeloid  m alignancy 

  Classifi cation and  p athogenesis 
 The association between Down ’ s syndrome (DS) and leukemia 
was fi rst described by Krivit and Good in 1957  [49] . The overall 
risk of leukemia is increased 10 – 20 fold, and is especially marked 
in the fi rst 5 years of life, when it is 50 times that in normal 
children. 
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fi vefold increase to non - DS blasts.  In vitro  studies using the MTT 
assay indicate a 12 - fold increase in sensitivity to cytarabine for 
ML - DS blasts compared with non - DS blasts. This study also 
demonstrated increased sensitivity to anthracyclines ( two -  to 
sevenfold), mitoxantrone (ninefold), and etoposide (20 - fold) in 
ML - DS  [56] . 

 Results of studies by several collaborative groups are shown in 
Table  8.10 . Given the high potential for cure in ML - DS, but the 
risk of complications of therapy, the refi nement of treatment to 
optimize cure rates whilst minimizing toxicity is the major focus 
of modern treatment protocols. As studies using reduced doses 
of anthracycline have proved very effective and limit mucositis 
and infective deaths, contemporary regimens for ML - DS include 
reduced doses of anthracycline compared with those for other 
children with AML.   

 Most children with TAM require observation alone, usually as 
outpatients, and the blood count normalizes within several 
months. Children with complications may benefi t from therapy 
with low dose cytarabine  [57] , e.g. 20   mg/m 2 /day for up to 7 days, 
and it is increasingly common to electively start treatment 
promptly in children with high white cell counts. Several collabo-
rative groups (BFM group, Children ’ s Oncology Group) have 
recently established clinical and laboratory studies of TAM, 
including treatment guidelines, to improve the epidemiology, 
understanding and therapy of the disorder.   

  Strategy for  f ollow - up and  i mportant 
 l ate  e ffects 

 Most relapses of AML occur in the fi rst 2 – 3 years from diagnosis, 
with 60% of relapses in the fi rst year. It is customary to review 
children every 4 – 6 weeks in the fi rst year off treatment, gradually 
extending the interval between visits as the relapse risk declines. 
Molecular monitoring, where it is applicable, will have an impact 
on this approach, and children treated for APL now have routine 
off treatment bone marrows for detection of RAR - PML tran-
scripts because early detection and salvage therapy is benefi cial in 
these cases. 

 In children with TAM, haemoglobin and neutrophil numbers 
are most often normal, but wide variation in platelet counts is 
found, from severe thrombocytopenia to marked thrombocyto-
sis. The white cell count is elevated, on occasion to very high 
levels, with blasts on the blood fi lm. The blasts are deeply 
basophilic and may demonstrate characteristic cytoplasmic bleb-
bing. Nucleated red cells and fragments of megakaryocyte cyto-
plasm are often present on the blood fi lm. The bone marrow is 
hypercellular with an increase in blasts proportionate to the 
changes in the blood. Dysplastic changes are common in the 
erythroid series and megakaryocytes, which are increased in 
number. Immunophenotyping shows the blasts to be myeloid 
(CD33, CD34) with expression of megakaryocyte (CD41, CD61), 
and often erythroid markers (glycophorin A). Aberrant expres-
sion of CD7, a T lymphoid marker, is commonly found. 
Cytochemistry is negative for myeloperoxidase, Sudan black, 
chloracetate esterase and periodic acid - Schiff, but diffusely posi-
tive for acid phosphatase and non - specifi c esterase. Bone marrow 
cytogenetics invariably reveals trisomy for chromosome 21, even 
in recorded cases of TAM in phenotypically normal infants. 
Additional clonal cytogenetic abnormalities occur uncommonly, 
but include pentasomy 21, additional chromosomes 12 and 14, 
and polyploidy with 57 chromosomes.  

  Therapy of  m yeloid  l eukemia of Down ’ s  s yndrome 
 A remarkable feature of ML - DS is the sensitivity of the leukemia 
to therapy, with disease resistance and relapse uncommon  [54] . 
Conversely, DS children suffer high rates of treatment toxicity, 
with an increased risk of treatment - related death, primarily due 
to mucositis and infection  [55] . TAM also shows marked sensi-
tivity to treatment, and short courses of low dose cytarabine have 
proved effective in reducing white blood cell count in selected 
children. A number of genes have been identifi ed on chromo-
some 21 where gene dosage could infl uence the effectiveness of 
chemotherapy. Most particularly in regard to therapy for AML, 
overexpression of cystathionine alpha synthase appears to confer 
increased sensitivity to cytarabine in the blasts of children with 
ML - DS. Assay of Ara - C triphosphate levels has shown a median 

  Table 8.10    Results of treatment of acute myeloid leukemia in Down ’ s syndrome. 

   Study     Anthracycline 
cumulative dose 
(mg/m 2 )  

   Cytarabine 
cumulative dose 
(g/m 2 )  

   CR rate 
(%)  

   Resistant 
disease (%)  

   Relapse 
(%)  

   Treatment related 
deaths (%)  

   Event - free 
survival (%)  

  BFM 98    220 – 240    23 – 29    100    0    6    5    89  
  NOPHO 93    350    49    95     –     11     –     83  
  CCG 2861/2891 standard    350    31.5    95    2    8    9    74  
  CCG 2861/2891 intensive    350    31.5    64    4    8    32    52  
  MRC AML 12     550     9.6    94    0    3    12    85  

   BFM, Berlin Frankfurt Munster group. NOPHO, Nordic Organisation for Paediatric Haematology Oncology. CCG, Children ’ s Cancer Study Group. MRC, Medical Research 
Council. CR, complete remission.   
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  Summary and  f uture  d irections 
for  m anagement 

 The prognosis of AML has steadily improved through a combina-
tion of intensive chemotherapy and better supportive care. 
Prognostic groups have been identifi ed, largely based on cytoge-
netics and response to therapy. The role of SCT has been restricted. 
It is likely further refi nement is possible by the incorporation of 
molecular markers. However, further improvements to the 
control of disease by adjustments in conventional chemotherapy 
protocols are likely to be limited. This is especially true for chil-
dren with poor risk disease. Increasingly, strategies will be devel-
oped for subgroups of children; this has already proved necessary 
in APL and Down ’ s syndrome, and new targeted therapies, for 
example to FLT3 - ITD or the CBF pathway, are needed or are 
under evaluation. Treatment strategies for MDS are mainly based 
on SCT. Progress in these diseases depends on improved knowl-
edge of underlying biology to identify useful targets and treat-
ment strategies.  
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  Favourable prognosis  
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   Introduction 

 Non - Hodgkin ’ s lymphoma (NHL) represents a group of malig-
nancies that combine features typical of the acute leukemias with 
a number of characteristics of solid tumors. As with most solid 
tumors, NHL form masses and can often be diagnosed due to 
signs and symptoms that such masses may cause. Nevertheless, 
they are usually generalized diseases from their very onset and 
have patterns of spread that mimic the physiological migration 
pattern of lymphoid cells. 

 NHL are among the pediatric malignancies that have benefi ted 
the most from recent advances in diagnosis, staging and treat-
ment and, whilst once considered fatal diseases, at present they 
are among the most curable malignancies of childhood. 

 Combination chemotherapy introduced in the 1960s for acute 
leukemias has been adopted also for NHL. Histological diagnosis 
also improved from the pure morphological classifi cation to a 
more complex defi nition of the different entities based on the 
identifi cation of T -  and B - cell lineage specifi c markers that gradu-
ally were associated with well defi ned immunophenotypic and 
clinical features. Table  9.1  summarizes landmarks in the manage-
ment of these tumors.   

 The history of NHL may be considered to begin in the 1950s 
in Uganda, when the surgeon Denis Burkitt fi rst described a 
disease, still identifi ed by his name, that was originally believed 
to be a sarcoma  [1] . At the same time it was recognized that a 
proportion of childhood lymphomas, defi ned then as lymphosa-
rcomas, in Europe and in the United States were indistinguish-
able from Burkitt lymphoma as it was described in Africa, 
although the characteristic presenting features of a jaw tumor 
without bone marrow involvement were less frequent. 

 In the same period, early reports of limited, single institution 
series of children, described a low percentage of survivors with 
rather limited and differing treatments  [2] , indicating though 

that a high percentage of patients suffered a leukemic transforma-
tion of their disease. By the late 1960s, investigators suggested that 
chemotherapy combined with radiotherapy could achieve cure in 
localized lymphosarcoma patients, thus encouraging further 
developments of combination therapy for these diseases  [3] . 
From those early observations, it was accepted that radiation and 
multi - agent chemotherapy should be the standard approach to 
pediatric NHL. This was, however, accompanied by severe and 
irreversible acute and long - term side effects. 

 It was only with the fi rst randomized trial conducted at St Jude 
Hospital, Memphis, that Murphy and Hustu demonstrated that 
addition of involved fi eld irradiation to combination chemo-
therapy was of no benefi t in advanced stage NHL  [4] . 

 In addition to the St Jude efforts in improving the outcome of 
pediatric NHL, a combination chemotherapy derived from the 
leukemia regimen LSA2 - L2 in conjunction with local radiation 
therapy on bulky disease was used by Wollner at Memorial Sloan 
Kettering Hospital. Results of the leukemia - derived therapy in the 
treatment of childhood NHL proved successful and demon-
strated that intensive combination chemotherapy could signifi -
cantly impact the poor prognosis of NHL  [5] . 

 More recently, a great deal of clinical knowledge has been 
gained that has allowed improvement in the diagnostic and thera-
peutic approach to pediatric NHL. This has been supplemented 
by an increase in the biological knowledge in the fi eld of NHL 
and has led to the awareness that several distinct clinical, histo-
logical and biological subtypes of NHL exist and that they require 
specifi c management and therapy in order to reach satisfactory 
results. It is the consequence of the combined efforts of clinicians, 
pathologists, and biologists that NHL, with few exceptions, can 
be now considered among the pediatric malignancies with the 
best cure rates. A summary of the most signifi cant early achieve-
ments in the fi eld of pediatric NHL is reported in Table  9.1 .  

  Epidemiology 

 NHL represent approximately 10 – 15% of all malignancies of 
childhood and constitutes the third most frequent group of 
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 In addition to the marked difference in incidence from region 
to region of the world, the relative frequency of the different types 
of NHL also varies greatly. In equatorial Africa, around 50% of 
all childhood cancers are NHL, and this is mostly the conse-
quence of the high incidence of Burkitt lymphoma and the low 
incidence of acute leukemias, based on available information. In 
Europe and the USA 50 – 60% of NHL are mature B - cell NHL 
(Burkitt, Burkitt - like, large B - cell lymhomas), 30% are lymphob-
lastic lymphomas, 10 – 15% are anaplastic large cell NHL and less 
that 5% other rare histological subtypes. 

 It is especially important to distinguish the epidemiology of 
endemic (African) and sporadic Burkitt lymphoma. The inci-
dence of Burkitt lymphoma in equatorial Africa is far higher than 
in Europe and USA, with an intermediate incidence in other 
regions of the world, from which, however, we lack reliable epi-
demiological data. African Burkitt lymphoma has distinct clinical 
features compared with the sporadic form (Table  9.2 ), and they 
include site of presentation, association with Epstein Barr virus 
(EBV) infection and characteristics of the chromosomal translo-
cations involving the MYC oncogene. EBV genomes are found in 
more than 90% of the tumors in Africa, but only in 10 – 20% in 
sporadic Burkitt lymphoma. Also, a striking difference is that the 
vast majority of children have been EBV infected before the age 
of 3 years in Africa, whereas in the USA and Europe most indi-
viduals experience primary EBV infection during adolescence. 
Although the role of EBV is not fully understood yet, the expres-
sion of the EBV protein EBNA - 1, that has some tumorigenic 
activity, is believed to play a role in the transformation process 
leading a normal B - lymphocyte to become a malignant cell in 

cancers in Europe and USA, after leukemias and central nervous 
system tumors. According to the National Cancer Institute 
(NCI) Surveillance, Epidemiology and End Results program 
(SEER), the annual incidence rate of NHL in the age group 0 – 19 
years was 1.1 per 100   000 in the period 1999 – 2003  [6] . In the 
recent epidemiological reports for Western Countries, NHL con-
stituted approximately 7% of all cancers in individuals below 20 
years of age. Unlike Hodgkin ’ s lymphoma that has a bimodal 
age distribution, NHL show a steady increase with age, although 
specifi c NHL categories have signifi cant differences in age - 
distribution. Males are affected almost twice as frequently as 
females. 

 There is evidence that NHL incidence in childhood has 
increased during the last decades. During the period 1988 – 1997, 
the overall incidence of NHL was 9.4 per million in children 
under the age of 15 years with an increase in incidence rate of 
0.9% per year on average. In adolescents aged 15 – 19 years, the 
age - specifi c incidence rate was 15.9 per million, increasing annu-
ally by 1.7%  [12] . This increase in NHL prevalence was also 
observed in the USA. 

 It should also be considered that the incidence and relative 
frequency of NHL varies by geographic regions: within Europe, 
the South has the highest incidence rates for the individual diag-
nostic subgroups. The incidence of NHL is signifi cantly higher in 
adults compared with children and this may refl ect, at least in 
part, the different cellular composition of the immune system at 
different ages and, possibly, the different exposure to lymphom-
agenic stimuli, as environmental agents, that have been impli-
cated in NHL pathogenesis. 

  Table 9.1    Historical overview of early signifi cant achievements in the fi eld of pediatric non - Hodgkin ’ s lymphoma ( NHL ). 

   Author/Group     Period     Findings     Reference  

  Denis Burkitt, Uganda    1958    First description of lymphoma (defi ned as a sarcoma of the jaw)     [1]   
  Memorial Hospital, New York    1958    Report of a series of 69 children with lymphosarcoma; 17% 

survivors with surgery, radiotherapy and single agent 
chemotherapy  

   [2]   

  St Jude Children Hospital, Memphis    1971    Effectiveness of multi - agent chemotherapy and radiotherapy     [3]   
  St Jude Children Hospital, Memphis    1975 – 78    First randomized clinical trial: no benefi t of radiotherapy in addition 

to combination chemotherapy in advanced stage NHL  
   [4]   

  Memorial Hospital, New York    1976    Effectiveness of multi - agent chemotherapy used for acute 
lymphoblastic leukemia (LSA2 - L2 regimen) in advanced stage NHL  

   [5]   

  Children ’ s Cancer Study Group, USA    1977 – 79    Importance of stage and of histological subtype for treatment 
outcome; demonstration of differential effi cacy of different 
chemotherapy regimen on lymphoblastic NHL  

   [7]   

  Pediatric Oncology Group, USA    1976 – 79    Effi cacy of the leukaemia - like regimen LSA2 - L2 in lymphoblastic 
lymphoma  

   [8]   

  Berlin - Frankfurt - Munster (BFM) Group, Germany    1975 – 81    Confi rmed the prognostic relevance of stage, histology and 
immunophentotype in pediatric NHL  

   [9]   

  Societ è  Francaise de Oncologie Pediatrique (SFOP), 
France  

  1986    Effi cacy of high - dose methotrexate and cytosine - arabinoside in B - cell 
NHL and B - cell acute leukemia  

   [10]   

  Berlin - Frankfurt - Munster (BFM) Group, Germany    1983 – 90    Optimization of outcome using stratifi cation of therapy by biological 
subtype and stage  

   [11]   
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   •      B - cell NHL  
   •      Lymphoblastic lymphomas  
   •      Anaplastic large cell lyphoma  
   •      Other subtypes, including peripheral T - cell lymphomas, fol-
licular lymphomas and other rare entities that in total represent 
less than 3 – 5% of the cases.       

  Clinical  p resentation 

 Children with NHL usually present with clinical features that 
depend on histological subtype, localization, and stage of disease 
 [17, 18] . In contrast to older patients who most often present with 
lymph node disease, children commonly have extranodal disease 
involving the abdomen (35 – 45% of cases), mediastinum (25 –
 30%), or head and neck (25 – 30%) (Figure  9.1 ).   

 There is a close relationship between primary site of disease at 
presentation and Burkitt and lymphoblastic histologic subtypes. 
With very few exceptions, patients with Burkitt lymphoma present 
with primary involvement of the abdomen or head and neck 
region but not with mediastinum involvement, whereas children 
with lymphoblastic lymphoma usually have a mediastinal or head 
and neck presentation, but very rarely abdominal primary. 

 Often multiple sites are involved and dissemination to bone 
marrow (BM) and central nervous system (CNS) are not infre-
quent at diagnosis. This is a consequence of the characteristics of 
pediatric NHL as rapidly growing tumors, with a high cellular 
growth fraction, short doubling times ranging from 12 hours to 
a few days  [19] , and with a high predisposition to dissemination 
to distant sites via the blood stream. 

  Abdominal  p rimary 
 In Europe and the USA, children with Burkitt and Burkitt - like 
lymphoma present with an abdominal mass in about 80% of the 
cases  [20] . Although at physical examination the main fi nding is 
a palpable mass, often of large size, there are two types of abdomi-
nal primary. 
   •      The fi rst is a diffuse abdominal involvement of the mesentery 
and omentum with frequent involvement of the kidney, liver, and 
spleen and possible dissemination to the bone marrow and CNS. 
Patients often complain of abdominal pain or swelling, changes 
in bowel habits, nausea and vomiting with gastrointestinal bleed-
ing and/or perforation possible, although infrequent before start-
ing treatment.  

young individuals. This may have some relationships with the 
proliferation potential of lymphocytes in young children but is 
likely helped by the concomitance of other infections affecting 
individuals in the same region, such as malaria, that causes 
immunosuppression and has the same geographic distribution as 
Burkitt lymphoma in Africa.    

  Classifi cation 

 NHL differ signifi cantly in children compared with adults. In 
children, NHL are typically high grade, clinically aggressive, 
tumors whereas in adults the majority of NHL are low - grade 
lymphomas  [4, 13, 14] . Contrary to adult lymphomas, NHL in 
childhood are diffuse cancers and follicular/nodular lymphomas 
are rare. 

 Immunophenotypically pediatric NHL are of T - cell phenotype 
in approximately 40% of the cases, whereas in adults T - cell NHL 
make up less than 10% of NHL. 

 A number of different classifi cations exist for NHL as they have 
developed based initially on morphology and cytochemical stain-
ing. They have evolved to classifi cation systems incorporating 
immunophenotypic and molecular characteristics, thus giving 
more objective diagnostic elements to the pathologist. The most 
recent and used classifi cation systems are the REAL  [15]  and the 
WHO (World Health Organization)  [16]  classifi cation systems. 
However, in children there are four major categories of NHL, 
whose features are summarized in Table  9.3 : 

  Table 9.2    Characteristics of sporadic and endemic  B urkitt lymphoma in children. 

        Sporadic     Endemic  

  Average annual 
incidence  

  0.4 per 100   000    10 per 100   000  

  Sites involved    Abdomen, bone marrow, 
Waldeyer ’ s ring  

  Jaw, abdomen, orbit, 
central nervous 
system, paraspinal  

  Association with Epstein 
Barr virus  

  15%    95%  

  MYC breakpoint in the 
t(8;14) chromosomal 
translocation  

  Within MYC gene    Upstream of the 
MYC gene  

  Table 9.3    Summary of  W orld  H ealth  O rganization categories, immunophenotype and major clinical features of childhood non -  H odgkin ’ s lymphoma ( NHL ). 

   Histologic subtype     Immunophenotype     Cytogenetics     Primary site  

  Burkitt/Burkitt - like lymphoma, large 
B - cell lymphoma  

  B - cell    t(8;14), t(2;8), t(8;22)    Abdomen, head and neck  

  Lymphoblastic lymphoma    Precursor T - cell (80%), precursor B - cell (20%)    Many abnormalities    Medistinum, lymph - nodes  
  Anaplastic large cell lymphoma    T - cell or null    t(2;5)    Lymph - nodes, skin, mediastinum  
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Maxillary sinus 1 (0.9%)

(b)

Soft tissues 3 (4.1%)
Rhynopharynx 2 (1.8%)

Parotid 4 (3.7%)

Mediastinum 72 (66.7%) Mediastinum 36 (49.3%)

Abdomen 3 (4.1%)Abdomen 3 (2.8%)

Skin/subcutis 13 (17.7%)

Lymph nodes 19 (17.6%)

Skin 4 (3.7%)

Lymph nodes 12 (16.4%)

Bone  6 (8.2%)Bone 3 (2.8%)

Lymphoblastic lymphoma: total 108 ALCL: total 73

(a)

Maxillary sinus 5 (1.5%)

Rhynopharynx 18 (5.6%)
Waldeyer ring 44 (13.6%)

Parotid 3 (0.9%)

Mediastinum 32 (10%)

Abdomen 160 (50%)

Testis/ovaries 1 (0.3%)
Lymph nodes 37 (11%)

Skin 2 (0.6%)

Bone  21 (6.5%)

B-cell LNH: total 323

     Figure 9.1     Primary sites of disease in children 
affected by non - Hodgkin ’ s lymphoma (NHL). 
Numbers indicate the prevalence (and percentage) 
of primary sites of patients enrolled in the Italian 
Association of Pediatric Hematology and Oncology 
protocols for NHL during the period 1998 – 2006. 
(a), B - cell NHL. (b), Lymphoblastic lymphomas (left) 
and anaplastic large cell lymphoma (ALCL) (right).  

   •      The second type includes tumors localized to the bowel wall, 
most frequently involving the terminal ileum, believed to arise in 
Peyer ’ s patches. This is a rarer presentation than the rapidly 
growing and diffuse abdominal form, and can be mistaken some-
times for acute appendicitis. A palpable right iliac fossa mass is 

frequently appreciated and intussusception can be the fi rst sign 
of presentation of an ileum – cecal Burkitt lymphoma. Indeed, this 
is the most frequent cause of intestinal intussusception in chil-
dren aged 5 – 10 years and may allow early diagnosis and therefore 
limit the subsequent treatment extent.    



Chapter 9 Non-Hodgkin’s Lymphoma

113

involvement may occur. Lung involvement is very rare, except in 
the case of anaplastic large cell lymphoma (ALCL). Mediastinal 
localization represents a life - threatening condition if general 
anesthesia is to be performed for diagnostic purposes.    

  Localized  d isease 
 Localized NHL is not frequent in childhood. However, lymph -
 node swelling can be the only sign of presentation of a NHL, thus 
posing the need for differential diagnosis with other lymphaden-
opathies (Figure  9.3 ). Although enlarged lymph nodes can occur 
anywhere, most commonly they arise in the head and neck, 
sometimes concomitantly with Waldeyer ’ s ring involvement. 
Pharyngeal masses are usually of B - cell origin. ALCL is the most 
frequent NHL that presents with isolated lymph - node involve-
ment, particularly in the inguinal region. Other sites of NHL 
primaries include bone, skin, orbit, and kidney (mimicking 
Wilms ’  tumor). Testis can also be involved, usually by lymphob-
lastic lymphoma.   

 In both instances ascites and pleural effusion may occur and a 
number of other sites may be involved. Only occasionally do 
children present with jaw involvement, whereas in African Burkitt 
lymphoma, this localization accounts for up to 60% of primary 
site of disease, particularly in young children  [21] .  

  Mediastinal  p rimary 
 Children with precursor T - cell lymphoblastic lymphoma usually 
have a mediastinal mass (50 – 70%) often with pleural effusion 
 [14, 18]  (Figure  9.2 ). Symptoms may include persistent slight 
cough, but more often severe respiratory distress resulting from 
airway compression or swelling of the neck, face, and upper limbs 
due to superior vena cava obstruction. Lymphadenopathy is 
usually supradiaphragmatic, involving neck, supraclavicular 
regions, and axillae. Abdominal nodes are rarely involved, with 
the exception of precursor B - cell lymphoblastic lymphoma that 
only occasionally can localize to the mediastinum. Hepato -
 splenomegaly is not uncommon and bone marrow and CNS 

a b

     Figure 9.2     Typical clinical aspect of a T - cell 
lymphoblastic lymphoma at diagnosis. A 13 - year - old 
boy underwent X - ray of the chest for cough and 
shortness of breath. The X - ray demonstrated an 
abnormally enlarged mediastinum. A subsequent CT 
scan of the chest confi rmed the presence of a large 
mass of 13    ×    12    ×    9   cm in the anterior 
mediastinum.  

     Figure 9.3     Initial management of a 
lymphadenopathy. An accurate clinical history must 
be collected in any individual with enlarged lymph 
nodes in order to evaluate the likelihood of an 
infectious lymph - node enlargement. In case no signs 
or symptoms suggestive of a malignant disease are 
present, a wait - and - see approach can be adopted 
with/without antibiotic treatment. In case the lymph 
nodes are in suspect areas (supraclavear, popliteal, 
etc.) or if lymphadenopathy persists after 2 – 3 
weeks, further investigation, including biopsy, must 
be undertaken.  

Lymphadenopathy

History + physical examination

Significant signs or symptoms?
Including fever, weight loss,
hepatospenomegaly, etc. No

Observe ± antibiotics
No

2-3 weeks

Node(s) resolving
Yes

But …
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epitroclear

No Yes

ObserveInvestigate
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basophilic, due to the high RNA content and vacuoles are often 
present giving the typical L3 morphology (FAB classifi cation) 
 [22] . In the context of a tumor biopsy the characteristic, though 
not pathognomonic, pattern of  ‘ starry sky ’  appearance is found 
as a result of the presence of macrophages interspersed among 
the tumor cells (Plate  9.1 ). While Burkitt lymphoma is composed 
of cells with rather regular shape and size, the Burkitt - like lym-
phoma is more pleomorphic, sometimes indistinguishable from 
large B - cell NHL.  
   •      Nevertheless the diagnosis of Burkitt and Burkitt - like lym-
phoma can be made only when a very high proliferation rate, as 
evidenced by a high Ki - 67 or MIB - 1 positivity ( > 90%) is observed 
 [23] . Burkitt lymphoma express surface immunoglobulin (SIg), 
being IgM, in more than 90% of the cases, associated with either 
kappa or lambda light chains. Other B - cell antigens are expressed, 
including CD19, CD20, CD22, CD79a and often CD10  [15, 23] . 
Terminal deoxynucleotidyl transferase (TdT) is negative. Large 
B - cell lymphoma express similar phenotype as Burkitt lym-
phoma, but CD10 may be negative and up to one - third of the 
cases are negative for SIg. SIg are generally absent from large 
B - cell lymphoma of the mediastinum that originates from a 
thymic B - cell.       

  Lymphoblastic  l ymphoma 
     •      This entity is morphologically indistinguishable from acute 
lymphoblastic leukemia. Cells are usually of uniform appearance 
with a high nuclear – cytoplasm ratio and fi nely dispersed chro-
matin with small or inconspicuous nucleoli. Nuclei may show 
some indentations thus conferring a convoluted aspect  [24] .  
   •      The most distinctive immunophenotypic feature of lymphob-
lastic lymphoma is the expression of TdT  [25] , an enzyme that 
participates in the generation of receptor diversity both in T -  and 
B - cells during the process of T -  or B - cell receptor gene rearrange-
ments  [26] . Only about 5% of cases are TdT negative  [27] . Most 
tumors also express CD99/MIC2. Most lymphoblastic lympho-
mas originate from T - cell precursors and express T - cell markers 
corresponding to the stages of T - cell intra - thymic differentiation 
 [28] : in different combination they include CD7, CD2, CD5, 
CD1, CD3, CD4 and CD8, as in T - cell acute leukemia  [29, 30] . 
Approximately 10 – 15% of cases are of B lineage express precursor 
B - cell markers, including CD19, HLA - DR with CD10 but not 
SIg  [31] .     

  Anaplastic  l arge  c ell  l ymphoma 
     •      A relevant histological feature of this type of cancer is the pro-
pensity of the tumor cells to invade the lymph - node sinuses and 
the frequent partial involvement of the lymph node which is 
independent of the various morphological ALCL variants  [32]  
(Plate  9.1 ). Specifi c diffi culties may arise in the differentiation of 
ALCL from Hodgkin lymphoma, soft tissue sarcomas, lympho-
matoid papulosis and reactive conditions affecting lymph nodes. 
Because marked hemohagocytosis can be present in the BM of 
ALCL patients, hemophagocytic syndromes should also be ruled 
out. Cells with abundant cytoplasm and horseshoe -  or kidney -

 NHL localized to the bone can present as single lesion (requir-
ing a differential diagnosis with other malignancies, particularly 
Ewing sarcoma/primitive neuroectodermal tumor (PNET)) or 
with multiple lesions, often painful, sometimes associated with 
hypercalcemia. Skin involvement may be found in T - cell lym-
phoblastic lymphoma, but is more common in ALCL, where it 
can be the only site of disease.  

  Bone  m arrow and  c entral  n ervous  s ystem  i nvolvement 
 The BM is frequently involved in pediatric NHL and the preva-
lence of BM dissemination varies based on the sensitivity of the 
diagnostic approach used (morphology, molecular genetics, etc.). 
When more than 25% of cells in the BM are tumor cells, conven-
tionally the disease is diagnosed as an acute leukemia. Depending 
on the infi ltration degree, BM involvement may cause abnormali-
ties of the peripheral blood cell counts in the same manner as a 
leukemic presentation. 

 Isolated CNS lymphoma is uncommon and can be found in 
immunodefi cient children. More commonly the CNS is involved 
as part of the presentation of pediatric NHL, often in patients 
with BM dissemination of lymphoblastic or Burkitt lymphoma. 
Headache, vomiting, papilledema and cranial nerve palsy are the 
commonest signs of this disease localization.   

  Investigation and  s taging 

 Although the suspicion of NHL arises from clinical features that 
often relate to disease localization, diagnosis relies mostly on 
histology and immunohistochemistry. Immunophenotyping and 
molecular diagnostics have recently acquired a more relevant role 
in the diagnostic work - up. 

 Diagnosis should be made where possible on histological 
examination of an excised tumor mass that allows a complete 
histological, immunophenotypic and molecular characterization 
of the disease  [13] . In patients presenting in extremis, such as 
with a large mediastinal mass, such an approach requiring general 
anesthesia may be contraindicated for patient safety. In this 
situation emergency control of the patient ’ s symptoms takes pri-
ority and cytology may be helpful, for example of an aspirated 
pleural effusion. Every attempt should be made to obtain ade-
quate tumor material once the patient ’ s clinical condition has 
been stabilized. 

  Histology and  i mmunophenotype 
 Morphology represents the keystone for the diagnosis of NHL, 
but immunohistochemical and fl ow - cytometric studies of tumor 
cells are required to achieve the exact diagnosis that is required 
before the institution of therapy. Specifi c features are associated 
with the major NHL subtypes. 

  Burkitt and  l arge  B  -  c ell  l ymphoma 
     •      Burkitt lymphoma cells have a high nuclear/cytoplasmic ratio, 
with multiple discernible nucleoli. Cytoplasm is scant and 
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is a transcription factor that promotes cell cycle progression and 
cell transformation it is believed to be involved in tumorigenesis 
 [36] . The most common translocation, t(8;14)(q24;q32), can be 
investigated by a long - distance polymerase chain reaction (LD -
 PCR) assay at the genomic level with a sensitivity of 10  − 4 . By this 
approach it is possible to analyze minimal BM infi ltration at 
diagnosis and its response to chemotherapy  [37] . 

 Differently from BL, there are no specifi c or recurrent cytoge-
netic abnormalities associated with diffuse large B - cell lymphoma 
(DLBCL) in children and adolescents. Pasqualucci  et al.   [38]  have 
suggested that the majority of BL and DLBCL are derived from 
lymph node germinal center (GC) regions where rapidly prolif-
erating B - cell blasts (centroblasts) differentiate into centrocytes 
following hypermutation of the immunoglobulin variable region 
genes and transform into malignant BL and/or DLBCL by either 
activation of proto - oncogenes, disruption of tumor suppressor 
genes, and/or somatic hypermutation of proto - oncogenes. 

 BCL - 6, located on chromosome 3q27, is a transcriptional 
repressor gene normally expressed within the GC of mature B 
cells. It has been proposed that repressor activity of BCL - 6 is lost 
in DLBCL due to point mutations, thus contributing to lympho-
magenesis in DLBCL  [38] . Lossos  et al.  additionally demonstrated 
that low expression of BCL - 6 mRNA in adult patients with 
DLBCL was associated with a poor prognosis  [39] . It remains to 
be determined if similar genetic alterations are responsible for the 
pathogenesis of childhood DLBCL.  

  Lymphoblastic  l ymphoma 
 The vast majority of lymphoblastic lymphomas arise from imma-
ture T - cells corresponding to well - defi ned stages of thymocyte 
differentiation  [40] . Fewer than 10% are of B - precursor cell 
origin. 

 Most immature B -  and T - lymphoid cells express terminal 
deoxytidyl transferase (TdT), which can be detected by fl ow cyto-
metric, immunohistochemical, or cytochemical methods and is 
an important marker of the disease. As a part of developing 
antigen recognition capabilities, T -  and B - lymphocytes rearrange 
a series of V (variable), D (diversity), J (joining), and C (constant) 
genetic regions to produce unique antigen receptors. The antigen 
binding domains of T - cell receptors (TCR) and immunoglobu-
lins (Ig) are unique and serve as clonal markers. Thus T -  and 
B - cell receptor gene rearrangements can also help to distinguish 
the two subtypes. As a general rule, Ig gene rearrangements are 
observed in B - lineage lymphomas whereas TCR gene rearrange-
ments are in T - cell disease. The recombinational events that lead 
to the diversity in antigen recognition may also leave TCR and Ig 
genes prone to recombination with oncogenes through chromo-
somal translocations. In contrast to other subtypes of NHL in 
which one or a few chromosomal rearrangements alter the func-
tion of a single gene locus (e.g. c - myc in BL and anaplastic lym-
phoma kinase (ALK) in ALCL), a number of translocations 
altering various proto - oncogenes (TAL1, TAL2, LMO1, LMO2, 
HOX11, HOX11L2, LYL1, c - myc, NOTCH1, LCK, FGFR1) 
occur in T - LL. A recent study demonstrated that pediatric 

 shaped nuclei, the so called hallmark cells, are frequently found 
in biopsies.  
   •      Among the mandatory antibodies to be used in the histological 
diagnosis of ALCL are those recognizing CD30, EMA, CD15, T -  
and B - cell specifi c antigens and, most importantly, the Alk 
portion of the fusion protein originating from the reciprocal 
chromosomal translocation characteristic of ALCLs. Antibodies 
against NK cells, such as anti CD56, and those recognizing pro-
teins associated with cytotoxic granules (perforin, granzyme) are 
useful (Table  9.4 ). A special group of CD30 positive lymphopro-
liferative lesions belonging to the ALCL are those localized to the 
skin. They include lymphomatoid papulosis that is characterized 
by a wax and wane behaviour, although it may precede a systemic 
ALCL. Both isolated cutaneous ALCL and lymphomatoid papu-
losis are usually Alk negative and this characteristic, along with 
morphology, is the basis for a correct diagnosis  [33] .        

  Cytogenetic and  m olecular  f eatures 
 Remarkable progress has been achieved in the last decade in the 
fi eld of pediatric NHL biology. This is particularly relevant as it 
is hoped that through the understanding of the tumor biology we 
can identify new tumor markers, novel risk factors and ultimately 
devise new and more effective therapy approaches. Below is a 
summary of the most relevant fi ndings in each of the three major 
NHL categories. 

  Burkitt and  l arge  B  -  c ell  l ymphomas 
 Burkitt lymphoma (BL) often possess characteristic chromo-
somal translocations involving the MYC oncogene locus on chro-
mosome 8q24  [34] . The most common translocation, t(8;14)
(q24;q32), which involves the IgH gene locus, occurs in 80% of 
cases  [35] . The consequence of MYC rearrangements in BL is 
deregulation of cMYC expression by juxtaposition to heterolo-
gous enhancers and by introduction of somatic point mutations 
in its 5 ’  regulatory sequences as well as in exon 2. Because MYC 

  Table 9.4    Immunophenotypic markers in use for anaplastic large cell 
lymphoma diagnosis. This table summarizes the antigens that should be studied 
by immunohistochemistry both as the minimal required panel (mandatory) or an 
extended panel of antibodies (mandatory plus optional antibodies) for the 
diagnosis of anaplastic large cell lymphoma ( ALCL ). Together with morphological 
features they allow the diagnosis of  ALCL  and the differentiation between  ALCL  
and  H odgkin ’ s lymphoma. 

   Mandatory antibodies     Optional antibodies  

  B - cell (CD79a, CD20)    T - cell (CD2, CD4, CD5, CD7, CD8)  
  T - cell (CD3, CD43)    Mib1 or Ki - 67  
  CD30    perforin, TIA1, granzyme  
  ALK - 1    Clusterin  
  EMA    BNH - 9  
  CD15      
  LMP - 1 and/or EBER      



Part II Hematological Disorders

116

   •      CT scan of the neck, thorax, and abdomen should also be per-
formed. CT is the imaging approach of choice to study the medi-
astinum (and to defi ne the volume of a mediastinal mass) and 
the lungs.  
   •      The abdomen can be studied by ultrasonography, which is a 
fast and inexpensive approach to defi ne liver, spleen, and kidney 
involvement. It may be less sensitive to defi ne lymph - node 
involvement, mainly retroperitoneally. In our experience, 
however, it can complement CT scan fi ndings: specifi c sites of 
disease can be more amenable to be studied by ultrasound and 
often it represents the method of choice for multiple consecutive 
evaluations of tumor response.  
   •      A rather peculiar site of disease localization is the bone. Total 
skeletal scintigraphy with Tecnetium - 99 is the approach used to 
assess possible bone localizations of NHL. Although it has been 
used systematically in the past, its current role in staging is less 
clear as accompanying bone localization apparently does not 
impact signifi cantly on outcome of NHL  [45] . Because scintigra-
phy may be positive in case of bone remodelling independently 
of any tumor involvement (i.e. post - traumatic bone lesions), all 
suspected lesions identifi ed by this means should in any case be 
further studied by X - ray or MRI. In current clinical practice total 
skeletal or single bone imaging is considered mandatory only 
when there are symptoms of bone involvement such as pain.  
   •      Brain MRI or CT scan is also indicated at diagnosis to exclude 
a CNS tumor. In case of symptoms or signs suggestive of CNS 
localization, which is a rare condition, MRI is the method of 
choice.  
   •      Positron emission tomography (PET) is increasingly available 
for the investigation and follow up of lymphomas. PET is based 
on the uptake of 18 - fl uorodeoxyglucose (FDG) which is higher 
in malignant compared with normal cells. Indeed, incorporation 
of FDG is a characteristic of all actively proliferating cells, includ-
ing infl ammatory cells, and so caution must be exercised in the 
interpretation of positive PET fi ndings. Abundant data are avail-
able in the literature for adult Hodgkin and non - Hodgkin lym-
phomas, whereas little experience is available in pediatric 
oncology  [46] . PET has been evaluated in pre - treatment staging, 
monitoring during therapy and post - therapy surveillance in 
adults where it appears to be more sensitive than CT scan. The 
role of PET in pediatric lymphoma requires evaluation in large 
prospective trials although it is clearly a promising technique  [47, 
48] . In general, PET should be considered at present a useful tool 
for staging and response evaluation, but in the absence of a 
biopsy - proven result it is unwise to modify stage or therapy based 
on PET scans alone.     

  Staging 
 Staging classifi cations provide a means of describing the extent 
of disease and estimating prognosis. In NHL there is not infre-
quently widely disseminated disease at diagnosis. Staging refl ects 
both the tumor volume as well as the degree of spread of disease. 
For this same reason, defi ning the  ‘ primary site of disease ’  is dif-
fi cult, except for the rare single site NHL, and consequently NHL 

lymphoblastic lymphoma had a high frequency of chromosome 
abnormalities, and these were most often structural, but also 
included numerical abnormalities  [41] .The variety of chromo-
somal abnormalities may contribute to different prognostic cat-
egories. Cytogenetic and molecular abnormalities in B - lineage 
disease are less well characterized. Classical chromosomal trans-
locations which occur in B - precursor ALL, such as hyperdiploidy, 
t(12;21), t(1;19), and t(9;22) appear to occur less frequently in 
B - precursor lymphoblastic lymphoma. As expected, it usually 
shows monoclonal Ig gene rearrangements, but lacks evidence of 
somatic hypermutation  [42] .  

  Anaplastic  l arge  c ell  l ymphoma 
 Systemic ALCLs are subdivided into two clinically signifi cant sub-
types based on expression of ALK, a tyrosine kinase that impacts 
many cellular responses including proliferation, growth, apopto-
sis, and cell transcription of specifi c genes(14]. About 90 – 95% of 
pediatric ALCLs express ALK protein  [43] . ALK is a novel recep-
tor tyrosine kinase of the insulin receptor subfamily with homol-
ogy to leukocyte tyrosine kinase. Its expression is highly 
tissue - specifi c and is normally restricted to cells of the nervous 
system where it is thought to play a role in neuronal development. 
ALK over - expression is linked to tumorigenesis in ALK - positive 
ALCL, as well as other tumors including infl ammatory myofi -
broblastic tumors and some carcinomas  [44] . In about 80% of 
tumors, ALK over - expression arises due to a t(2;5)(p23;q35) 
translocation that juxtaposes the ALK gene on chromosome 2p23 
to the nucleophosmin (NPM) gene on 5q35. This fusion gene 
encodes a chimeric, constitutively activated tyrosine kinase, 
NPM - ALK, consisting of the N - terminal portion of the NPM 
fused to the catalytic domain of ALK. 

 The NPM - ALK fusion protein is detectable in more than 90% 
of cases by immunohistochemistry, and its transcript can be iden-
tifi ed by reverse transcriptase polymerase chain reaction (RT -
 PCR), a highly sensitive and specifi c method for identifi cation of 
ALK - rearrangements at RNA level.   

  Imaging 
 Although the diagnosis of NHL is based on histology, imaging 
studies are clearly involved in the investigation of a suspected 
NHL and in the subsequent staging of confi rmed disease. An 
isolated anterior mediastinal mass would usually indicate, for 
example, a T - cell lymphoblastic lymphoma although only histo-
logical examination would exclude a large B - cell lymphoma of 
the mediastinum or even mediastinal ALCL. Conversely, a large 
abdominal mass would suggest a B - cell NHL and where the 
abdominal mass involves the bowel, the diagnosis of a Burkitt/
Burkitt - like lymphoma is very likely. These assumptions should 
be considered with great caution but they form part of decision 
making and the formation of diagnostic hypothesis. 

 Independent of the NHL subtype, imaging procedures are 
similar for all patients with NHL. 
   •      Chest X - ray is performed in any child and can detect a medi-
astinal mass or a pleural effusion.  
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are mostly divided into  ‘ localized ’  versus  ‘ extensive ’  disease to 
indicate the tumor burden. 

 Among localized diseases, stage I and stage II identify a single 
or multiple site NHL, respectively. Staging classifi cations for NHL 
have been infl uenced by staging systems used for Hodgkin lym-
phoma (Ann Arbor)  [49] , but this disease has a different pattern 
of initial localization from NHL and spread to extra - nodal locali-
zation has a prognostic impact. NHL in children as well as in 
adults are mostly extranodal and thus the considerations on 
which Hodgkin disease staging is based do not apply. 

 The stage of the disease in children with NHL is usually deter-
mined according to the St Jude staging system modifi ed by 
Murphy  [50]  (Table  9.5 ) and relies on selected clinical, laboratory 
and imaging investigations aimed to determine disease burden 
and localization (Table  9.6 ).   

 In this staging classifi cation, stage III (which accounts for 50 –
 60% of all pediatric NHL) includes patients with primary 
intrathoracic (most often associated with lymphoblastic lym-
phoma, less frequently with primary mediastinal B - cell lym-
phoma (PBML) or extensive intra - abdominal tumor (most often 
a B - cell NHL) disease on both sides of the diaphragm, and par-
aspinal/epidural tumors. Defi nition of  ‘ extensive ’  has changed 
with time as imaging techniques have evolved: this and other 
aspects may have to be taken into consideration for a possible 
update of the staging system. 

 Another condition that may be worth underlining, as pointed 
out by Murphy, is the artifi cial subdivision between stage IV 
disease due to less than 25% blast infi ltration of the bone marrow 
and acute lymphoblastic leukemia (above 25%). 

 With time, additional specifi cations have been adopted to 
better defi ne groups of patients with similar or different progno-
sis, based on additional parameters compared with those already 
included in the St Jude classifi cation. Thus, the German Berlin -

  Table 9.5     S t  J ude staging system for pediatric non -  H odgkin ’ s lymphoma. 

   Stage     Criteria for extent of disease  

  I    A single tumor (extranodal) or single anatomic area (nodal) with 
the exclusion of mediastinum or abdomen  

  II    A single tumor (extranodal) with regional node involvement  
  Two or more nodal areas on the same side of the diaphragm  
  Two single (extranodal) tumors with or without regional node 

involvement on the same side of the diaphragm  
  A primary gastointestinal tumor usually in the ileocaeacal area 

with or without involvement of associated mesenteric nodes 
only, grossly completely resected  

  III    Two single tumors (extranodal) on opposite sides of the diaphragm  
  Two or more nodal areas above and below the diaphragm  
  All primary intra - thoracic tumors (mediastinal, pleural, thymic)  
  All extensive primary intra - abdominal disease  
  All paraspinal or epidural tumors regardless of other tumor site(s)  

  IV    Any of the above with initial central nervous system and/or bone 
marrow involvement  

  Table 9.6    Staging studies for non -  H odgkin ’ s lymphoma. 

  Physical examination      
  Blood cell count      
  Clinical chemistry    Serum electrolytes; renal and liver tests; 

serum lactate dehyogrogenase, 
serum uric acid  

  Imaging studies    Chest X - ray; chest CT if X - ray 
suspiciously abnormal or abnormal; 
abdominal ultrasound examination; 
abdominal CT scan; FDP - glucose PET; 
MRI (CT) of the brain  

  Bone marrow aspirate, bilateral 
( ± bone marrow biopsies)  

    

  Cerebrospinal fl uid examination 
(cytology)  

    

  Bone scan      

   FDP, fl uoro - deoxy - glucose. PET, positron emission tomography.   

 Frankfurt - Munster (BFM) group defi ned as stage IV those chil-
dren with multifocal bone disease and subdivided stage III B - cell 
lymphoma in two different groups: stage III with serum (lactate 
dehydrogenase) LDH between 5000 and 1000   IU/l and those with 
LDH above 1000   IU/ml  [51] . In the French – American – British 
protocols, B - cell lymphomas are also subdivided based on stage 
and resectability, but serum LDH levels are not taken into account 
for the risk group defi nition  [52] . 

 Similarly, most protocols subdivide patients with lymphoblas-
tic lymphoma based on disease extent and children with ALCL 
based on specifi c sites of disease that impact prognosis [53, 54) 
(Tables  9.7  and  9.8 ).   

 Within the pediatric NHLs  ‘ stage ’  and  ‘ risk group ’  refer to dif-
ferent categories: stage is more related to localization, distribu-
tion, and burden of the disease, whereas risk group is more 
related to treatment and is relevant for choosing the most appro-
priate therapy arm.   

  Treatment 

  Historical  p erspective 
 The modern era in the fi eld of pediatric NHL therapy might be 
considered to have started in the early 1980s. From that time, 
with the advent of treatment protocols conducted by cooperative 
groups in the USA and in Europe, major advancements in remis-
sion and survival rates were made. There was increasing correla-
tion of clinical and biological information that enabled physicians 
to adopt specifi c therapies for given subgroups of NHL. 

 In the late 1970s Wollner and co - workers had demonstrated 
that combination chemotherapy derived from the leukemia pro-
tocol LSA2 - L2, in conjunction with irradiation of bulky disease, 
could achieve the cure of poor prognosis NHL  [5] . The fi rst 
randomized trial conducted by Murphy at St Jude Research 
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most children with localized NHL, LSA2 - L2 was signifi cantly 
more effective than COMP in high - stage lymphoblastic lym-
phoma whereas the latter was more active in non - lymphoblastic 
lymphoma  [7] . Concomitantly, the Pediatric Oncology Group 
confi rmed the effectiveness of LSA2 - L2 in children affected by 
NHL, excluding Burkitt lymphoma  [8] . These trials not only 
demonstrated the effi cacy of combination chemotherapy in the 
management of childhood NHL, but indicated that outcome 
greatly depends on the histological subtype. 

 In the same period in Europe, the French Society of Pediatric 
Oncology (SFOP) and the BFM groups designed the fi rst trial for 
the diagnosis and treatment of NHL, and was conducted recently 
with very successful results. The BFM group developed treat-
ments derived from the acute lymphoblastic leukemia protocols 
to treat NHL and confi rmed the prognostic value of stage of 
disease, but also clearly indicated different prognosis based on 
immunophenotype  [9]  leading to further trials where B - cell 
derived NHL were treated differently from non - B cell NHL. 
Outcome of all NHL subtypes improved gradually to the current 
event free survival rates of 80% or above in subsequent trials  [11]  
and results continue to improve. The French investigators, coor-
dinated by Catherine Patte at the Institute Gustave - Roussy in 
Paris, designed a protocol to treat B - cell NHL and B - ALL, adding 
high - dose methotrexate and cytosine arabinosyde to a chemo-
therapy regimen already in use, thus initiating the successful 
series of LMB protocols, including LMB - 89, that reached a fail-
ure - free survival of 91%  [10] . Achievement of the LMB protocols 
encouraged an international collaboration among the French –
 American – British national groups who conducted a wide rand-
omized clinical trial FAB/LMB - 96 for B - cell NHL and ALL, the 
results of which have been published  [55] .  

  Description of  m ajor  fi  ndings of  m ost  r ecent 
 c o -  o perative  s tudies 
 Following the initial therapeutic protocols that showed the criti-
cal role of stage, histology, immunophenotype, and other clinical 
and biological risk factors, children with NHL were enrolled in 
specifi c disease - oriented clinical trials, designed to improve 
outcome and to optimize therapy intensity and duration. Three 
major disease groups were identifi ed: (1) B - cell lymphoma, (2) 
lymphoblastic lymphoma and (3) ALCL, and the treatments of 
these is considered separately. 

  B -  c ell  n on -  H odgkin ’ s  l ymphoma (Tables  9.9 ,  9.10  and  9.11 ) 
 Therapy for B - cell NHL has been developed based on clinical and 
biological characteristics of Burkitt lymphoma, but are effective 
also for DLBCL. Although the activity of cyclophosphamide 
(CP), vincristine (VCR) and methotrexate (MTX) were demon-
strated from early studies in African Burkitt lymphoma  [56] , only 
in the context of more recent clinical trials developed in the USA 
(POG - Total B) and in Europe (French LMB and German –
 Austrian – Swiss BFM) have modern and more effective therapeu-
tic approaches come into clinical practice. Burkitt lymphoma has 

Hospital demonstrated that treatment results in advanced stage 
NHL were not improved by the addition of radiotherapy to sys-
temic chemotherapy  [4] . In the early 1980s a randomized trial 
conducted by the Children ’ s Cancer Study Group compared the 
10 - drug based LSA2 - L2 regimen with COMP (cyclophospha-
mide - vincristine - methotrexate - prednisone) regimen and dem-
onstrated that, although both treatments were effective in curing 

  Table 9.7    Defi nition of therapy groups for  B  - cell non -  H odgkin ’ s lymphoma. 

   BFM protocols   *    
  Risk group 1    Stage I and II completely resected  
  Risk group 2    Stage I and II, not resected; 

 Stage III and LDH  <  500   U/l  
  Risk group 3    Stage III and LDH 500 – 999   U/l; 

 Stage IV or B - cell leukemia and LDH  <  1000   U/l, 
CNS negative  

  Risk group 4    Stage III and LDH  ≥  1000   U/l; 
 Stage IV or B - cell leukemia and LDH  ≥  1000   U/l; 
 CNS positive  

   FAB protocols    †     
  Group A    Complete surgical resection stage I or 

abdominal stage II  
  Group B    All patients not eligible for group A or C  
  Group C    Any CNS involvement or bone marrow 

involvement    ≥    25%  

    *    BFM, Berlin - Frankfurt - Munster protocols 95.      †    French - American - British 
protocols 96. LDH, lactate dehydrogenase. CNS, central nervous system.   

  Table 9.8    Current defi nition of therapy groups for lymphoblastic lymphoma 
and anaplastic large cell lymphoma within the  E uropean  I ntergroup for 
 C hildhood  N on -  H odgkin ’ s  L ymphoma. 

  Lymphoblastic lymphoma  
  Localized disease    Stage I and II  
  Advanced stage disease    Stage III; 

 Stage IV with bone marrow blasts  ≤ 25% 
and CNS negative  

  Stage IV and CNS positivity      

  ALCL  
  Isolated skin lesions      
  Low risk    Stage I completely resected  
  Standard risk    No skin, mediastinal liver, spleen or lung 

involvement  
  High risk    Biopsy proven skin lesions (except isolated 

lesions or lesions overlying an involved 
node); 

 Mediastinal, liver, spleen or lung 
involvement;  

  CNS involvement      

   CNS, Central nervous system.   
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  Table 9.9    Treatment characteristics and results of the most recent  BFM  and  LMB / FAB  trials for  B  - cell non -  H odgkin ’ s lymphoma. 

   Therapy group     No. of patients     EFS     Chemotherapy cycles  

   BFM - 95 (60)      505           
  R1: Stage I, II, resected    10%    94% (3   y)    A - B  
  R2: Stage I, II,non - resected; 
    III, LDH  <  500   U/l  

  46%    94% (3   y)    P - A - B - A - B  

  R3: III - LDH  >  500/ <  999   U/l; 
    BM+ and LDH  <  1000   U/l  

  16%    85% (3   y)    P - AA - BB - CC - AA - BB  

  R4: LDH    ≥    1000   U/l and/or 
    CNS+  

  28%    81% (3   y)    P - AA - BB - CC - AA - BB - CC  

   LMB/FAB - 96 (55) (63)      1134           
  A: stage I resected; II abdominal    12%    98% (3   y)    COPAD - COPAD  
  B: I - not resected; II non - abdominal; 
    III; IV BM blasts  ≤ 25% and CNS  

  67%    90% (4   y)    COP - COPADM1 -  * COPADM1/2 - CYM - CYM    ±    M1  

  C:  > 25% BM blasts and/or CNS+    21%    79% (4   Y)    COP - COPADM1 - COPADM2 -  * CYVE1 - CYVE2 - M1 - M2 - M3 - M4  

   P, cytoreductive pre - phase. BM, bone marrow. CNS, central nervous system.  
  In the BFM - 95 trial MTX was administered randomly in 4 vs 24 hour i.v. infusion (1   g/m 2  in A and B; 5   g/m 2  in AA and BB): in R3 and R4 the 4 - hour infusion showed 
lower effi cacy that 24 - hour. Equal effi cacy in R1 and R2.  * The LMB/FAB - 96 trial, for Group B, was based on a factorial design to test, based on response after 
COP - COPADM1, COPADM2 (cyclophosphamide 3   g/m 2 ) vs COPADM1 (cyclophosphamide 1.5   g/m 2 ) and the role of adding cycle M1. Additionally, Group C was 
randomized to receive reduced intensity CYVE and omission of M2 - M3 - M4; CNS+ patients received additional HD - MTX at 8   g/m 2  instead of 3   g/m 2  and additional 
intrathecal therapy. Reduced intensity regimen showed inferior results in Group C.   

a very high proliferation rate. In such a condition the use of high 
dose chemotherapy with four to fi ve alternating drugs with dif-
ferent toxicity profi les allows the maintenance of effective anti -
 tumor concentrations of the individual chemotherapeutic agents 
while limiting toxicity. In addition, this will also permit the 
administration of subsequent cycles at relatively short time inter-
vals. The recent protocols are designed based on the principles 
summarized in Box  9.1  and by using this approach, an event - free 
survival (EFS) up to 90% was achieved in most experienced coop-
erative groups  [51, 55, 57 – 60, 63] .     

 Another serious and possibly lethal complication is the massive 
tumor lysis syndrome (TLS) that, although with reduced inci-
dence after the introduction of a low - dose chemotherapy (corti-
costeroids and CP) pre - phase and the availability of urate - oxidase, 
still remains a threatening clinical emergency to face at early 
therapy onset  [62] . 

 The progress observed in the treatment of B - cell NHL is strictly 
related to the aggressiveness of chemotherapy programs devel-
oped in the last two decades and tailored to well - defi ned prog-
nostic groups: the success of such an approach depends on the 
availability of good supportive care. Consequently, treatment of 
B - cell NHL should be delivered in experienced hemato - oncology 
units by physicians who are familiar not only with the disease and 
with high - dose chemotherapy but also with all the preventive and 
supportive care measures to reduce the risk of lethal toxicity.  

  Lymphoblastic  l ymphoma (Table  9.11 ) 
 The initial management of a child with advanced stage lymphob-
lastic lymphoma might involve the potential oncologic emergen-

cies such as respiratory compromise from a mediastinal mass and 
metabolic abnormalities. 

 The immediate priority is to stabilize the patient, achieve a 
histological diagnosis and then to embark upon proven and effec-
tive chemotherapy. Drug therapy with steroids or low dose cyclo-
phosphamide (100   mg/m 2 /dose) might be needed to achieve 
clinical stability from a large tumor mass in order to allow surgi-
cal management. Decisions about investigating such a child 
should be made between oncologist, anesthetist, surgeon and 
pathologist. 

 The modern chemotherapy protocols originated from the early 
studies demonstrating that, except for limited stage disease, a 
leukaemia - like therapy is more effi cacious than short chemo-
therapy regimens  [7] . Thus, at present, most protocols for lym-
phoblastic lymphoma are modifi ed versions of the 10 - drug 
LSA2 - L2 protocol or of the BFM group strategy: both were treat-
ments designed for acute lymphoblastic leukemia. 

 The addition of high - dose MTX (3   g/m 2 ) to the LSA2 - L2 pro-
tocol by the French Group gave a signifi cant increase in survival 
bringing the EFS of stage III and IV to 79% and 72%, respectively 
 [64] . Although in this study cranial radiation was limited to CNS 
positive patients only one of 77 CNS negative patients relapsed 
in the CNS. The advantage of increasing the dose of MTX (from 
0.5 to 5   g/m 2  by 24 hour i.v. infusion) was also demonstrated by 
the BFM group that obtained a 5 - year EFS of 73% compared with 
the previous 56%  [65] . Although the therapeutic potentials of 
most single agents used in lymphoblastic lymphoma have not 
been elucidated, the role of L - asparaginase in T - cell lymphoblas-
tic lymphoma has been demonstrated in the POG - 8704 trial 
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   Cycle     Daily dose     Administration     Days  

  Pre - phase  
  Dexamethasone  †      5 – 10   mg/m 2 /day    Orally or i.v. (in three fractions)    1 – 5  
  Cyclophosphamide    200   mg/m 2 /day    i.v. (1   h)    12  
  MTX+ARA - C+Pdn    12   mg  ‡     +   30   mg   +   10   mg    i.t.    1  

  Cycle A  
  Dexamethasone    10   mg/m 2 /day    Orally or i.v. (in three fractions)    1 – 5  
  MD - methotrexate    500   mg/m 2 /day    i.v. (1/10 in 30   min, 9/10 in 23,5   h)    1  
  Ifosfamide    800   mg/m 2 /day    i.v. (1   h)    1 – 5  
  Etoposide    100   mg/m 2 /day    i.v. (1   h)    45  
  Cytarabine    150   mg/m 2  every 12   h    i.v. (1   h)    45  
  MTX+ARA - C+Pdn    12   mg  ‡     +   30   mg   +   10   mg    i.t.    1  

  Cycle B  
  Dexamethasone    10   mg/m 2 /day    Orally or i.v. (in three fractions)    1 – 5  
  MD - methotrexate    500   mg/m 2 /day    i.v. (1/10 in 30   min, 9/10 in 23,5   h)    1  
  Cyclophosphamide    200   mg/m 2 /day    i.v. (1   h)    1 – 5  
  Adriamycin    25   mg/m 2 /day    i.v. (1   h)    45  
  MTX+ARA - C+Pdn    12   mg  ‡     +   30   mg   +   10   mg    i.t.    1  

  Cycle AA  
  Dexamethasone    10   mg/m 2 /day    Orally or i.v. (in three fractions)    1 – 5  
  HD - methotrexate    5   g/m 2 /da    i.v. (1/10 in 30   min, 9/10 in 23,5   h)    1  
  Ifosfamide    800   mg/m 2 /day    i.v. (1   h)    1 – 5  
  Etoposide    100   mg/m 2 /day    i.v. (1   h)    45  
  Cytarabine    150   mg/m 2  every 12   h    i.v. (1   h)    45  
  Vincristine    1.5   mg/m 2 /day (max 

2   mg)  
  i.v.    1  

  MTX+ARA - C+Pdn    6   mg  ‡   +15   mg   +   5   mg    i.t.    1  

  Cycle BB  
  Dexamethasone    10   mg/m 2 /day    Orally or i.v. (in three fractions)    1 – 5  
  HD - methotrexate    5   g/m 2 /day    i.v. (1/10 in 30   min, 9/10 in 23,5   h)    1  
  Cyclophosphamide    200   mg/m 2 /day    i.v. (1   h)    1 – 5  
  Adriamycin    25   mg/m 2 /day    i.v. (1   h)    45  
  Vincristine    1.5   mg/m 2 /day (max 

2   mg)  
  i.v.    1  

  MTX+ARA - C+Pdn    6   mg  ‡   +15   mg   +   5   mg    i.t.    1  

  Cycle CC  
  Dexamethasone    20   mg/m 2 /die    Orally or i.v. (in three fractions)    1 – 5  
  Etoposide    150   mg/m 2 /die    i.v. (1   h)    345  
  HD - cytarabine    2   g/m 2  every 12   h    i.v. (3   h)    12  
  Vindesine    3   mg/m 2 /die (max 5   mg)    i.v.    1  
  MTX+ARA - C+Pdn    12   mg  ‡     +   30   mg   +   10   mg    i.t.    5  

    *    The schema does not take into account the randomized schedule of HD - MTX used in the R3 and R4 patient 
groups.      †    Dexamethasone in the pre - phase was given at 5   mg/m 2 /day for the fi rst 2 days and 10   mg/m 2 /day in the 
subsequent 3 days.      ‡    Dose of intrathecal (i.t.) methotrexate (MTX, adjusted for children less than 3 years of age. 
Central nervous system positive patients were administered i.t. therapy daily intraventricularly on days 2 to 5 of 
each AA and BB cycles and on days 3 to 6 of CC cycles starting from the second cycle. Racemic folinic acid was 
administered at hours 42 – 48 – 54 from initiation of HD - MTX infusion and based on measured serum MTX levels 
thereafter. Pdn, prednisolone. MD, medium dose. HD, high dose. i.v., intravenously. H, hours.   

  Table 9.10    Treatment schema of the  BFM  - 95 
protocol for  B  - cell non -  H odgkin ’ s lymphoma  *  . 
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  Table 9.11    Recent cooperative group studies in pediatric non -  H odgkin ’ s lymphoma ( NHL ). 

   Study     Period     No. of patients     Outcome (EFS)     Reference  

   B - cell NHL   
  POG Total    1986 – 91    133    79% 4 - year EFS for stage IV B - NHL; 65% for B - ALL     [59]   
  CCG - Orange    1991 – 93    42    77% 5 - year EFS stage III – IV   +   B - ALL     [78]   
  LMB - 89 SFOP    1989 – 96    561    91% 5 - year EFS stage I – IV NHL+ B - ALL     [58]   
  BFM - 90    1990 – 95    413    89% 6 - year EFS stage I – IV   +   B - ALL     [51]   
  BFM - 95  *      1996 – 2001    505    89% 3 - year EFS stage I – IV   +   B - ALL     [60]   
  FAB/LMB - 96  *      1996 – 2001    1109    89% 3 - year stage I – IV   +   B - ALL     [55, 57]   

  Lymphoblastic NHL  
  CCG - 502  *      1983 – 90    281    84% 5 - year stage I – II; 67% stage III – IV     [79]   
  POG 8704  *      1987 – 92    180    64 – 78% 4 - year CCR  †  ; stage III – IV     [66]   
  BFM - 90    1990 – 95    105    90% 5 - year EFS stage I – IV     [53]   
  BFM - 95    1995 – 2001    198    82% 5 - year EFS stage I – IV     [67]   
  LMT - 96 SFOP    1997 – 2003    86    87%     [80]   

  ALCL  
  HM89/91 SFOP    1988 – 97    82    66% 5 - year EFS stage I – IV     [74]   
  BFM - 90    1990 – 95    89    76% 5 - year EFS stage I – IV     [73]   
  UKCCSG    1990 – 96    72    59% 5 - year EFS stage I – IV     [75]   
  AIEOP    1993 – 97    34    65% 8 - year EFS stage I – IV     [70]   
  POG - 8704    1994 – 2000    86    72% 4 - year EFS stage I – IV     [76]   

   EFS, event free survival. B - ALL, B - cell acute lymphoblastic leukemia (L3 ALL). ALCL, anaplastic large cell lymphoma.   
   *    Randomized trials.      †    CCR, complete continuous remission: CCR for the two randomized arms.   

  Box 9.1     B  - cell therapy 

        •      5 to 7 - day cycles.  

   •      Drug combinations from corticosteroids, VCR, CP or 
ifosfamide, HD - MTX, ARA - C, antracyclines, etoposide.  

   •      The addition of intrathecal chemotherapy (usually MTX/
ARA - C/corticosteroids) as CNS prophylaxis.  

   •      Total treatment duration ranges from 1.5 to 5 months 
approximately, depending on the number of cycles 
administered, which is related to the prognostic group.  

   •      The current treatments carry a high toxicity rate and even in 
the best clinical setting a 3 – 5% early toxic death rate may 
occur.  

   •      Severe neutropenia and gastro - intestinal mucositis are the 
most frequent toxicities and they predispose to life -
 threatening infections that apparently cannot be prevented by 
the use of granulocyte colony - stimulating factor (G - CSF) 
 [61] .     

where patients received or did not receive 20 weekly L - asparaginase 
administrations during the maintenance phase  [66] . 

 The BFM protocol for T - cell disease, stage III and IV, achieved 
a remarkable 90% EFS at 5 years in a cohort of 101 patients 

treated for 2 years. Patients were treated according to stage, but 
those who failed to achieve a reduction of the tumor mass of at 
least 70%, less that 5% blasts in the BM and a negative CSF, were 
shifted to a high - risk acute leukemia protocol  [53] . Treatment 
consisted of a rather intensive chemotherapy lasting approxi-
mately 7 months and including three consecutive phases: induc-
tion of remission, consolidation, and reinduction of remission. 
Four doses of HD - MTX at 5   g/m 2  in 24 hour i.v. infusion were 
administered at 2 - week interval (consolidation) (Figure  9.4  and 
Table  9.12 ). The results were excellent and relapses occurred 
almost exclusively within the fi rst year from diagnosis. All stage 
III and IV patients older than 2 years received cranial irradiation 
(1200   cGy in CNS negative children vs 2400   cGy in CNS positive 
patients). In the subsequent BFM95 trial, cranial irradiation was 
omitted for advanced stage CNS negative patients and CNS - free 
survival was not inferior to the previous BFM86 and BFM90 
studies in which patients received prophylactic cranial radiother-
apy  [67] , suggesting, together with the SFOP experience, that 
omitting radiotherapy may not infl uence the outcome signifi -
cantly (Box  9.2 ).        

  Anaplastic  l arge  c ell  l ymphoma (Table  9.11 ) 
 This specifi c histological subtype of pediatric NHL has been 
described rather recently and has been treated more heterogene-
ously that others. Because of its frequent T - cell phenotype, some 



Part II Hematological Disorders

122

day1 150 73021433 78

Induction

Vital Necrotic

Protocol M

Induction Protocol M

Stage

I-II

Maintenance

Maintenance

Re-inductionIII-IV

Response <70%
at day 33

CRT

High risk ALL
protocol

Residual tumor
II look surgery

     Figure 9.4     Schema of the BFM - 90 protocol 
structure for the treatment of lymphoblastic 
lymphoma of childhood. All patients, independently 
of disease stage, received treatment based on 
induction, consolidation (Protocol M) and 
maintenance phases for a total duration of therapy 
of 24 months. Patients with stage III and IV disease 
according to the St Jude staging system received 
also a reinduction phase and prophylactic cranial 
irradiation. In case of a poor response at day 33 
from start of treatment, patients were shifted to an 
intensifi ed (high risk) chemotherapy protocol in use 
for acute lymphoblastic leukemia.  

   Drug (dose)     Route of administration     Day of administration  

   Induction   
  Prednisone (60   mg/m 2 )    Oral    1 – 28 then tapering in 9 days  
  Vincristine (1.5   mg/m 2 )    i.v.    8, 15, 22, 28  
  Daunorubicin (30   mg/m 2 )    i.v. in 60   min    8, 15, 22, 28  
  L - Asparaginase (10000   IU/m 2 )    i.v. in 60   min    12, 15, 18, 21, 14, 27, 30, 33  
  Cyclophosphamide (1   g/m 2 )   +   Mesna    i.v. in 60   min    36, 64  
  Cytosine - arabinoside (75   mg/m 2 )    i.v.    38 – 41, 45 – 48, 52 – 55, 59 – 62  
  6 - mercaptopurine (60   mg/m 2 )    Oral    36 – 63  
  Methotrexate (12   mg)  *      i.t.    1, 15, 29, 45, 59  

   Protocol M   
  6 - mercaptopurine (25   mg/m 2 )    Oral    1 – 56  
  Methotrexate (5   g/m 2 )  †      i.v. in 24 hours    8, 22, 36, 50  
  Methotrexate (12   mg)  *      i.t.    8, 22, 36, 50  

   Re - induction   
  Dexamethasone (10   mg/m 2 )    Oral    1 – 21 then tapering in 9 days  
  Vincristine (1.5   mg/m 2 )    i.v.    8, 15, 22, 29  
  Doxorubicin (30   mg/m 2 )    i.v. in 60   min    8, 15, 22, 29  
  L - Asparaginase (10000   IU/m 2 )        8, 11, 15, 18  
  Cyclophosphamide (1   g/m 2 )   +   Mesna    i.v. in 60   min    36  
  Cytosine - arabinoside (75   mg/m 2 )    i.v.    38 – 41, 45 – 48  
  6 - thioguanine (60   mg/m 2 )    Oral    36 – 49  
  Methotrexate (12   mg)  *      i.t.    38, 45  

   Maintenance   
  6 - mercaptopurine (50   mg/m 2 )    Oral    Daily  
  Methotrexate (20   mg/m 2 )    Oral    Once a week  

   i.v., intravenously. i.t., intrathecal.      *    Doses according to age below age 3 years.      †    10% of the dose in 30 minutes, 
the remaining in 23.5 hours, with leucovorin rescue: 30   mg/m 2  after 42 hours, 15   mg/m 2  after 48 and 54 hours 
from start of methotrexate infusion (increased doses if serum MTX levels above expected values). Cranial 
irradiation (CRT) was given to stage III and IV disease patients older than 1 year between Protocol - M and 
re - induction: 1200   cGy to CNS negative patients above 1 year; 1800 or 2400   cGy to CNS positive patients in the 
second year of life or older, respectively.   

  Table 9.12     BFM  - 90 protocol for  T  - cell 
lymphoblastic lymphoma. 
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 Corticosteroids, vincristine, anthracyclines, and MTX were 
present in all of the studies reported above, although the total 
dose and fractionation differed signifi cantly. Anthracyclines were 
given at a higher level in the APO and in the French HM91 regi-
mens compared with the BFM, UKCCSG and AIEOP protocols. 
MTX was administered at a medium high dose in all of the 
studies, except for the APO regimen, that also did not include 
cyclophosphamide and epipodophyllotoxins. Thus, although one 
may speculate that anthracyclines, corticosteroids, and vincris-
tine are the key component in the treatment of ALCL treatment, 
the role of other drugs is not clear. An interesting observation is 
the effi cacy of vinblastine in the management of ALCL. The 
French group reported a high effi cacy, even when used as single 
agent, in relapsed ALCL  [77] . The role of vinblastine in front line 
therapy is one of the objectives of a large ongoing trial in Europe, 
but also within the American COG Group.  

  Limited  s tage  d isease 
 Independently from the histological subtype, stage I - II NHL have 
usually an excellent prognosis when treated with recent protocols. 
The 5 - year EFS in localized disease is generally in the range of 
85 – 95% in most NHL series and this has led to attempts to 
decrease intensity and/or duration of therapy with the aim of 
reducing the acute and long - term toxicity  [81] . Among others, 
cardiac toxicity due to anthracyclines and sterility following 
alkylating agents are of major concern, although insuffi cient 
information on this specifi c issue is present in the literature. 
Based on the available results, it seems that the difference in 
outcome based on histology - oriented protocols (e.g. short - pulse 
chemotherapy for B - cell NHL vs leukemia - like treatments for 
lymphoblastic lymphoma) reported for advanced stage disease is 
not observed for localized NHL. In the case of B - cell NHL, the 
modern risk - oriented protocols that take into account other 
parameters besides stage, already have incorporated a reduced 
intensity and shorter duration of treatment, without a negative 
impact on survival  [51, 57, 58, 60] . 

 In contrast, in the case of lymphoblastic lymphoma most coop-
erative groups have continued to treat with relatively long thera-
pies and a signifi cant decrease in treatment duration may not be 
benefi cial. Two previous studies from the POG group have dem-
onstrated that omission of involved fi eld radiation therapy and 
reduction of maintenance therapy do not impact negatively in 
B - cell and large cell NHL, but there was a benefi t of maintenance 
therapy for lymphoblastic lymphoma  [81 – 83] . Thus, although a 
prospective trial is warranted to determine whether treatment 
duration can be reduced in lymphoblastic lymphoma, T -  and 
precusor B - lymphoblastic lymphoma behave differently. The 
current optimal approach to limited stage lymphoblastic lym-
phoma remains controversial and is one of the objectives of 
ongoing trials.  

  Rare  s ubtypes ( PMLBCL ,  p eripheral  T  -  c ell) 
 In addition to the three main histological and immunological 
groups of pediatric NHL, there are other less frequent entities for 

groups, including the Italian group, treated these children with 
an ALL protocol derived from the LSA2 - L2  [68 – 70] , others with 
short, B - cell lymphoma like chemotherapy  [71, 72] . This latter 
strategy is at present more widely used in Europe and in the USA 
 –  the total duration is signifi cantly shorter than LSA2 - L2 derived 
therapies being approximately 5 rather than 24 months. 

 In the study BFM - 90, patients with ALCL were treated with a 
therapy derived from the B - cell NHL, based on 5 - day courses of 
combination chemotherapy, given at 3 - week intervals. By this 
approach an EFS of 76% at 9 years was achieved in the 89 patients 
enrolled into the study  [73] . The EFS was 66% at 5 years in the 
French HM89/91 studies that used modifi ed B - cell lymphoma 
protocols  [74] . A similar approach was used in the UKCCSG 
study where advance stage disease patients were treated according 
to the French B - cell lymphoma protocols  [75] . In all of these 
studies most relapses occurred within the fi rst 20 months from 
diagnosis, but relapses as late as 5 years from diagnosis were 
observed. 

 A slightly different approach was employed by the POG study 
with the APO (doxorubicin, prednisone, vincristine) regimen. 
This treatment differed from the previous strategies in that it 
contained higher cumulative doses of anthracyclines and no 
alkylating agents and epipodophyllotoxins  [76] . Therapy was 
stratifi ed based mostly on stage of disease in the BFM and 
UKCCSG studies, whereas all children with ALCL received the 
same treatment in the French, Italian and POG studies. Indeed 
criteria for stratifying therapy in ALCL are not well established, 
but from a very recent European retrospective analysis, stage of 
disease may not be among the most relevant prognostic and 
more weight should be given to the presence of skin involve-
ment, a mediastinal mass, or involvement of the lung, spleen, 
or liver  [54] . 

  Box 9.2    The  G erman  B erlin -  F rankfurt -  M unster 
protocol for lymphoblastic non -  H odgkin ’ s lymphoma. 

        •      Steroid pre - phase (7 days)  

   •      Four drug induction over 4 weeks  –  daunorubicin, vincristine, 
prednisolone, L - asparaginase (protocol IA)  

   •      Three drug consolidation  –  cyclophosphamide, 
6 - mercaptopurine, cytarabine (protocol IB)  

   •      Four doses of methotrexate (5   g/m 2 ) with late folinic acid 
rescue  

   •      Reinduction protocol  –  similar to IA (but with 
dexamethasone in place of prednisone) and IB (but only 
50% of the dose of IB)  

   •      Maintenance daily 6 - MP and weekly oral methotrexate to 
complete 2 years treatment  

   •      Intrathecal methotrexate in protocol IA,B, with HD 
methotrexate and in protocol IIB as CNS prophylaxis     
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 Mycosis fungoides is a cutaneous lymphoma originating from 
epidermotropic T - cells and is the most common type of cutane-
ous T - cell lymphoma. It is a disease of adult patients, but can be 
occasionally diagnosed in childhood and adolescence. It may 
present with waxing and waning skin eruptions that may delay 
diagnosis. The outcome is excellent with a 5 – 10 year survival 
close to 95%  [93] . Treatment of limited disease consists of topical 
steroids or retinoids. Ultraviolet A irradiation alone or combined 
with psoralen (PUVA) may be used in more extensive disease, 
whereas radiotherapy or systemic chemotherapy is rarely needed 
 [94] . 

 Sezary syndrome is exceptional in children and is the leukemic 
manifestation of mycosis fungoides that requires systemic 
therapy. 

 Panniculitis - like T - cell lymphoma and hepato - splenic T - cell 
lymphoma are rare in young individuals. They are often aggres-
sive diseases that respond poorly to systemic therapy. Cure often 
depends on high - intensive treatment including bone marrow 
transplant  [95, 96] . Other peripheral T - cell lymphoma not - oth-
erwise specifi ed (PTCL - NOS) have been described in children, 
but little is known about clinical behaviour and treatment.   

  Clinical  e mergencies in  n on -  H odgkin ’ s  l ymphoma 
 Life - threatening conditions in childhood NHL may arise fre-
quently due to the very high growth fractions of most of these 
tumors as exemplifi ed by Burkitt lymphoma. Among others, 
mediastinal or superior vena cava syndrome, acute tumor lysis 
syndrome, complications due to intra - abdominal lymphoma and 
neurologic emergencies due to CNS involvement are the most 
relevant. 

  Mediastinal  s yndrome and  s uperior  v ena  c ava  s yndrome 
 Mediastinal syndrome is the consequence of airways obstruction 
due to compression by a superior mediastinal mass whereas supe-
rior vena cava syndrome is caused by compression obstruction 
or thrombosis of the vena cava. Dyspnoea, cough, neck and face 
swelling and cyanosis are the most frequent symptoms in case of 
a large mediastinal mass. The most accurate method to assess the 
anatomical degree of compression is by CT scan. Severe airway 
obstruction is usually managed by initiating specifi c anti - lym-
phoma therapy, usually with corticosteroid treatment, with or 
without cyclophosphamide. Local radiation therapy has also been 
used in the past, but presently it is employed in cases where no 
symptomatic improvement has been achieved within a few days 
of initiation of chemotherapy. In cases of large mediastinal 
masses, bone marrow aspirate, biopsy of a peripheral lymph node 
or possibly examination of pleural fl uid for tumor cells, per-
formed under local anesthesia if needed, should be attempted to 
achieve a diagnosis. General anesthesia and sedation must be 
avoided as sudden death may occur in these conditions. If a 
diagnosis cannot be made by any other way then the resolution 
of the mass with instituted chemotherapy should be monitored. 
Diagnostic surgery should be undertaken when it is safe to do so 
and before the entire tumor has gone. 

which the treatment is still uncertain. Among the large B - cell 
NHL, the primitive mediastinal large B - cell lymphoma (PMLBCL) 
is one of those. Previously known as large B - cell lymphoma of 
the mediastinum with sclerosis, it affects mostly adolescents and 
young adults, with a higher incidence in females than males. 
Usually it presents with a large mediastinal mass, involving adja-
cent structures, and with vena caval obstruction. 

 Characteristically, PMLBCL is composed of B - cells expressing 
CD79a, CD19, CD20, CD22 but negative for Ig and CD21 expres-
sion, thus suggesting a thymic origin of the disease  [84] . Only a 
few reports have been published on the epidemiology of this 
disease in childhood  [85, 86] . 

 Intensive multiagent chemotherapy with radiation therapy 
has proven to be effi cacious in adults  [87] , but in children 
radiation therapy is used less frequently due to the burden of 
adverse late effects. The BFM experience suggests that high LDH 
value has a negative prognostic impact in patients treated with 
aggressive B - cell NHL - based therapy  [84] . Whether other vari-
ables, including tumor volume, response kinetics and possibly 
any biological data may impact prognosis, is not known yet. 
Certainly the results obtained so far are inferior when compared 
with other B - cell NHL, suggesting therefore that modifi ed thera-
pies including a different use of standard chemotherapy or pos-
sibly the addition of anti - CD20 antibody may be of some 
relevance. 

 Other rare B - cell NHL in childhood is follicular lymphoma, 
which is the most frequent NHL in adults, and MALT (mucosa -
 associated lymphoma tissue) lymphoma. The former often 
presents as a localized disease, whereas the latter has frequently a 
nodal localization. Together they account for approximately 1% 
of all NHL of childhood. Optimal therapy for these very rare 
diseases is diffi cult to defi ne, but generally, limited treatment may 
be used for localized and completely resected disease, whereas in 
other circumstances a B - cell based treatment may be indicated 
 [88 – 90] . 

 In the fi eld of T - cell NHL, there is a wider heterogeneity of 
histological subtypes. Among rare types of NHL, we fi nd the 
isolated CD30 positive cutaneous lesions, including lymphoma-
toid papulosis, the isolated cutaneous ALCL, the group of so 
called  ‘ peripheral T - cell NHL ’ , including panniculitis - like T - cell 
lymphoma and hepato - splenic T - cell lymphoma. Mycosis fun-
goides and Sezary syndrome are other rare entities. At present, all 
the CD30 - positive lesions, which are usually localized to the skin, 
should not be considered among the peripheral T - cell lympho-
mas as they have distinct features. As pointed out by several 
authors, CD30 positive skin lesions, without involvement of 
lymph nodes or other sites, should be subject to an initial watch -
 and - wait approach as they may spontaneously regress  [91] . This 
is most evident for lymphomatoid papulosis for which a wax -
 and - wane behaviour is part of the clinical defi nition of the disease 
 [92] . Although spontaneous complete remission occurs in virtu-
ally all the cases, patients with lymphomatoid papulosis have an 
increased risk of developing a NHL, particularly an ALCL, or 
other malignancies. 



Chapter 9 Non-Hodgkin’s Lymphoma

125

 Because a large mediastinal mass may respond very rapidly to 
emergency treatment, tumor lysis prevention should be instituted 
during this early phase of therapy.  

  Acute  t umor  l ysis  s yndrome ( ATLS ) 
 ATLS is frequent in NHL with a high growth fraction and high 
tumor burden that are highly sensitive to chemotherapy. These 
characteristics are more frequent in B - cell that in T - cell NHL  [97, 
98] . Tumor lysis syndrome may occur spontaneously in case of 
rapid tumor cell turnover, but is frequently initiated by acute and 
massive cell lysis induced by chemotherapy. Massive cytolysis 
results in increased purine metabolism leading to hyperuricemia 
and concomitant increase in plasma potassium and phosphate 
and decrease in calcium. Due to uric acid crystal formation and 
precipitation in the renal tubules, oliguric renal failure can 
develop that may cause death. ATLS is a life - threatening condi-
tion that needs to be prevented. Although specifi c therapy has to 
be initiated as soon as possible in NHL, in the presence of elevated 
uric acid plasma concentration and reduced urine output, the 
administration of chemotherapy would likely cause patient death 
due to acute metabolic abnormalities if appropriate preventive 
actions are not taken. Therefore biochemical abnormalities must 
be corrected before the initiation of specifi c therapy. 

 The fi rst measure is to increase diuresis thus allowing a better 
elimination of the increased solute burden. Additionally, the 
administration of allopurinol, a xanthine oxidase inhibitor, pre-
vents the formation of urate from xanthine, thus decreasing the 
probability of urate precipitation. Because allopurinol does not 
decrease the pre - existing urate, the use of urate oxidase has become 
current clinical practice and in some protocols has been intro-
duced systematically at the early stage of therapy  [62, 99, 100] . 

 Because of the risk of sudden death from hyperkalemia that 
may occur soon after initiation of therapy, it is important to avoid 
additional potassium administration during the fi rst days of 
chemotherapy. Hypocalcemia, a consequence of hyperphos-
phatemia, should be treated only if symptomatic and intravenous 
calcium chloride should be given with caution as it may favour 
extraosseous calcifi cation in the presence of high serum phos-
phate levels. In critical metabolic conditions and/or renal failure, 
hemodialysis or hemofi ltration should be used. 

 For all these reasons, protocols for the treatment of B - cell NHL 
start usually with a low - intensity chemotherapy (cyclophospha-
mide, vincristine, corticosteroids) to reduce the rate of response, 
thus reducing the risk of acute tumor lysis. Because of the quan-
tity and quality of monitoring required, it is advisable to treat 
patients at high risk of ATLS in a critical care unit or in a unit 
with good experience in prevention of ATLS and with the pos-
sibility of rapid access to an intensive care unit.    

  Novel  t herapeutic  a pproaches 

 Although remarkable progress has been achieved recently in the 
fi eld of pediatric NHL a signifi cant proportion of children with 

NHL still fail to be cured of their disease. The new techniques for 
the study of gene expression profi les and gene polymorphisms 
appear relevant to improve current diagnosis and to develop 
novel targeted therapies. 

 A better risk assessment will identify small subgroups of 
patients that need to be treated differently or more aggressively 
to be cured, but also those who could be treated with a less inten-
sive therapy. 

 A form of NHL - directed therapy presently available is the use 
of monoclonal antibodies reacting with surface proteins such as 
CD20 and CD22. Anti - CD20 has entered clinical practice and has 
an established role in conjunction with chemotherapy such as the 
CHOP regimen in adult NHL of B - cell origin  [101] . However, 
anti - CD20 has been used rarely in children, mostly to treat lym-
phoproliferative disease arising after organ transplant and only in 
a few cases of children with NHL in either fi rst line or relapse 
settings  [102] . Thus, although promising, whether this targeted 
therapy is benefi cial in the treatment of pediatric B - cell NHL 
remains to be defi ned and is presently the object of ongoing clini-
cal trials aiming to determine its activity. Less information is 
available on the use and potentials of other antibodies, including 
CD22. 

 Within the lymphoblastic lymphomas there is evidence that 
patients who fail fi rst line chemotherapy have very little chance 
of being cured. The only patients who could be rescued after 
relapse are those undergoing allogeneic bone marrow transplant. 
This raises the question of whether some selected patients should 
undergo intensifi ed therapy as front line therapy, but we do not 
have enough evidence that enables us to identify those children. 
New potential drugs to be used in lymphoblastic NHL, particu-
larly of the T - cell subtype, as they have shown effi cacy in acute 
lymphoblastic leukemia, are nucleoside analogs such as nelarab-
ine  [103] , clofarabine  [104]  and forodesine  [105] . Other novel 
drugs, among which is the proteasome inhibitor bortezomib 
which is undergoing preliminary clinical evaluation for its poten-
tial use in NHL  [106] , have distinct mechanisms of action that 
may increase standard chemotherapy effi cacy, when used in 
combination. 

 In the fi eld of ALCL, the anti - CD30 monoclonal antibody is 
undergoing phase II clinical studies, as it has shown anti - tumor 
activity and acceptable toxicity in preclinical and clinical studies 
when used as a naked antibody  [107]  or conjugated with toxins 
 [108, 109] . Of great interest is the demonstration of anti - ALK 
circulating antibodies  [110]  and the presence of a T - cell antitu-
mor response in patients with ALK - positive ALCL  [111] . These 
observations suggest a potential role of naturally occurring 
immune - response to ALK - positive ALCL and open new possibili-
ties of designing anti - tumor vaccines and tumor - specifi c cell 
therapies. They also give a strong rationale to consider allogeneic -
 BMT in high risk patients. Other studies are ongoing to design 
specifi c inhibitors of NPM - ALK kinase activity  [112]  that may be 
used against ALK - positive ALCL. 

 Not only are there new drugs that may be included in current 
therapeutic regimens, but also new formulations of drugs already 
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in use, e.g. liposomal cytarabine that, due to its long half - life in 
the CSF, might be benefi cial for the treatment of CNS disease 
 [113] . 

 Based on the present status of research in the fi eld of pediatric 
NHL, in the immediate future a better risk - adaptation scheme in 
the context of specifi c subgroups of disease and specifi c treat-
ments, together with new anti - lymphoma molecules that are now 
in the pipeline, may allow further improvements in the results of 
pediatric NHL treatment.  

  Summary and  f uture  d irections 
for  m anagement 

 The fi eld of pediatric NHL has witnessed signifi cant progress in 
terms of knowledge and results in the last two decades. Most of 
the clinical improvements have originated from collaborative 
studies conducted at national and international levels in well -
 defi ned groups of diseases. Because pediatric NHL have a rela-
tively low incidence and good to excellent prognosis with current 
therapies, large collaborative studies are needed to further 
improve results in selected subgroups of NHL that still show a 
rather unsatisfactory outcome. There are two remaining objec-
tives for pediatric oncologists in this fi eld: 
   •      The identifi cation of more effective treatments for children 
with aggressive and poor - responding NHL as salvage therapy for 
relapsed or refractory disease is rarely successful in B -  cell and 
lymphoblastic lymphomas.  
   •      Reduction of potential long - term toxicities of the current thera-
peutic strategies.    
 We hope that both of these objectives can be accomplished 
by increasing our knowledge of the biology of NHL and by 
designing better disease - targeted therapies that may integrate 
chemotherapy. 

 In considering NHL as a global pediatric health problem, one 
cannot ignore that the highly effective protocols in use in affl uent 
countries are not feasible and affordable in limited resource 
countries. Thus, while applying increasingly highly technological 
approaches to diagnosis and treatment of NHL, consideration 
should be given to improve the existing facilities and treatments 
in developing countries. This will ultimately improve global sur-
vival rates of children with NHL and increase the knowledge of 
disease diversity and of the biological mechanisms of lymphom-
agenesis that are the basis for further progress.  
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   Introduction 

 Hodgkin ’ s lymphoma (HL, synonym: Hodgkin ’ s disease, lym-
phogranuloma) is a malignant disease, histologically character-
ized by giant multinuclear Hodgkin ’ s and Reed - Sternberg (H - RS) 
cells in the classical variant of HL (cHL), while lymphocytic and 
histiocytic (L  &  H) cells are characteristic of the nodular lym-
phocytic predominant HL (nLPHL or LPHL). These tumor cells 
usually account for less than 1% of cells in the tumor tissue and 
are embedded in a reactive infi ltrate consisting of T - cells, histio-
cytes, eosinophils, plasma cells and others. The discussion about 
the origin of these cells and therefore of Hodgkin ’ s disease (HD) 
itself has long been controversial and it has variably been consid-
ered an infl ammatory or infectious disease, an unusual immuno-
logic reaction, a true neoplasm, or a combination of these. Today 
there is clear evidence that the tumor cells in cHL and nLPHL 
differ in their immunophenotype and the mutational status of the 
immunoglobulin heavy chain gene and that the diseases they 
cause differ in clinical manifestations and course. Therefore, the 
World Health Organization (WHO) classifi cation distinguishes 
these two different lymphomas as separate entities  [1] . 

 Prior to the middle of the last century HL was nearly always 
fatal. However, in the late 1960s, with the introduction of an 
effective treatment using high dose extended fi eld radiotherapy 
(RT) for local disease and combination chemotherapy for 
advanced disease, the basis for the current high cure rates was 
laid. Such intensive treatment in children often caused severe side 
and late effects  [2] . Therefore from the late 1970s onward coop-
erative study groups initiated trials for combined - modality 
therapy in pediatric HL  [3 – 5]  with the aim to further increase 
cure rates and to reduce the risk of potential late effects. Some 
trials in pediatric HD soon obtained cure rates of 90% and more. 
With risk and response adapted treatment strategies therapy of 

HL is a paradigm of tailored therapies that extends beyond the 
fi eld of pediatric oncology. Milestones in the history of HD, clas-
sifi cation, and therapy are listed in Table  10.1 .    

  Epidemiology and  p athogenesis 

 In Germany incidence of HL is 0.7 children/100   000 children 
below the age of 15 years  [14] . Distribution of HL regarding age 
and gender in children are illustrated by the proportions in the 
trial GPOH - HD 95 (Figure  10.1 ), but the number of adolescents 
older than 16 years is underestimated because many such patients 
were treated on adult treatment protocols.   

 The disease has two age peaks  –  at about 25 and later than 55 
years. In developing countries the fi rst peak appears earlier, sug-
gesting that infections might play an important role in the patho-
genesis of HL. In India the number of Epstein - Barr virus 
(EBV) - positive HL is much higher than in Europe. A study by 
Dinand  et al.   [15]  showed that the prevalence of EBV was as high 
as 90% in children with HL in North India compared with about 
30 – 50% in Western Countries. EBV positivity was signifi cantly 
correlated with younger age and low socioeconomic status sup-
porting the hypothesis that infections could contribute to the 
pathogenesis of HL in young patients. 

 The etiology of HL is so far unknown. Genetic factors might 
contribute, because monozygotic twins have a 50 - fold increased 
risk of developing HL if one child is affected  [16] . In addition, 
immunodefi ciencies with DNA breakage syndromes seem to be 
associated with the development of HL. On the other hand, envi-
ronmental factors might also contribute to the pathogenesis of 
the disease. Hjalgrim  et al.   [17]  could demonstrate that infectious 
mononucleosis increases the risk for EBV - positive, but not EBV -
 negative HL about 3.2 fold. This risk was especially pronounced 
in the group of younger patients (below 44 years of age). HL 
occurred in these patients between 1.8 and 4.9 years after infec-
tious mononucleosis. 

 K ü ppers  et al.  were the fi rst to demonstrate that H - RS cells 
mainly derive from pre - apoptotic germ center B - cells with less 
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  Table 10.1    Milestones in recognition and treatment of Hodgkin ’ s lymphoma. 

  1832    First description of the eponymous lymphomatoid disease 
by Thomas Hodgkin  [6]   

  1898 – 1902    Description of the histological picture with characteristic 
cells by Carl Sternberg and by Dorothy Reed  

  1902    First X - ray irradiation of HD in a 4 year old boy 
(Pusey)  [7]   

  1943    First chemotherapy of HD with nitrogen mustard 
(Goodman  et al.  1946)  

  1964    Introduction of the combined chemotherapy MOPP 
(De Vita  et al.  1970)  [8]   

  1965    Rye - modifi cation of the histologicical classifi cation 
(Lukes  et al.  1966)  [9]   

  1966    Concept of the tumoricidal irradiation (Kaplan 1966)  [10]   
  1970    Combined chemoradiotherapy for children 

(Donaldson and Link 1987)  [3]   
  1971    Staging classifi cation of Ann Arbor (Carbone  et al .)  [11]   
  1994    H - RS cells are clonally, mostly B - cell - derived malignant 

cells (K ü ppers)  [12]   
  1997    WHO classifi cation of lymphomas (Harris  et al .1999)  [13]   

   HD, Hodgkin ’ s disease. MOPP, mechlorethamine   +   oncovin (vincristine)   +   
prednisone   +   procarbazine. H - RS, Hodgkin ’ s and Reed - Sternberg. WHO, World 
Health Organization.   
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     Figure 10.1     Age and gender in trial GPOH - HD 95. 
 (Reproduced from D ö rffel W  [115] , with permission 
from Springer Science and Business Media.)   

specifi c gene expression such as E2A and EBF are retained but 
most of the down - stream target genes are not expressed  [21, 22] . 
Recently, it was demonstrated that in HL - cells inhibitors of E2A -
 ID2 and ABF - 1 are overexpressed. In normal B - cells overexpres-
sion of these proteins lead to inhibition of B - cell specifi c gene 
expression. On the other hand, inhibition of ABF - 1 in H - RS - cells 
down - regulated aberrant T - cell specifi c genes expression, a phe-
nomenon typical for H - RS cells. In addition to overexpression of 
ABF - 1 or ID2, the expression of the transcription factor Notch - 1 
might explain the aberrant T - cell antigen expression which was 
observed in up to 5% of H - RS cells  [23] . In conclusion, while a 
lot of facts are known about the potential molecular mechanisms 
of aberrant B - cell development in H - RS cells, the process induc-
ing these aberrations is largely unknown. 

 The HL tumor mass consists mostly of less than 1% of classic 
HL cells, while 99% of the tumor mass is composed of infi l-
tration lymphocytes and other cell types. Thus, not only the 
HL cells itself, but also the microenvironment and the interac-
tion between HL cells and microenvironment might play impor-
tant roles in the pathogenesis of this lymphoma. The HL cells 
produce several cytokines such as IL - 13 which could stimulate 
an autocrine growth of HL - cells. Trieu  et al.   [24]  report that 
inhibition of IL - 13 could reduce proliferation of HL cells. In 
addition, HL cell growth was inhibited  in vivo  in mice by using 
an inhibitory soluble IL - 13 receptor. Finally, production of 
Th - 2 cytokines such as IL - 13 by HL - cells could lead to infi ltra-
tion of eosinophils, Th - 2 and other regulatory cells as well as 
fi broblasts. 

 Other cytokines, such as IL - 10, have been shown to be relevant 
for the development of systemic B - symptoms. In addition, Visco 
 et al.   [25]  could show that IL - 10 is an independent risk factor and 
that high IL - 10 levels correlate with a poorer prognosis. This 
might be explained by the immunosuppressive effects of IL - 10. 
Marshall  et al.   [26]  found that HL infi ltrating lymphocytes are 

than 1% from T - cells  [12, 18] . In many H - RS cells destructive 
mutations of the Ig genes were found, which normally lead to 
apoptotic cell death in physiological germinal center B - cells. 
However, in H - RS cells a constitutive overexpression of nuclear 
factor NF - kappa - B was found. This factor is able to inhibit apop-
tosis induction  [19] . 

 Although H - RS cells originate from germinal center B - cells, 
these cells mainly lack the B - cell gene expression profi le of their 
normal counterpart  [20] . Some of the key regulators of B - cell 
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 Anemia, leucocytosis or eosinophilia and, in advanced disease, 
lymphopenia might be observed. Marked pancytopenia should 
raise the suspicion of bone marrow involvement.  

  Investigation and  s taging 

 Accurate diagnosis of HL can only be made by histological exami-
nation of tissue from an excisional biopsy of enlarged lymph nodes 
or other involved sites. Needle - aspiration biopsy is insuffi cient for 
defi ning the histological pattern and for immunohistochemistry 
and molecular genetics. Identifi cation of the characteristic H - RS 
cells, i.e. mono -  (Hodgkin ’ s cell) or multi - nucleated (Reed -
 Sternberg cells) giant cells with inclusion - like nucleoli can be made 
by cytological or histological examinations. However they are 
not pathognomonic for HL and can also be found in reactive 
processes including infectious mononucleosis and phenytoin -
 induced pseudolymphoma, and in non - Hodgkin ’ s lymphoma. 

 The current classifi cation of HL by the WHO  [1] , follows the 
Rye classifi cation  [9] , but it describes two main entities: classic 
HL (cHL) with four subtypes (Table  10.2 ) and in addition 
nodular lymphocyte predominant HL (nLPHL).   

 Immunophenotyping of the H - RS cells (in cHL) and of lym-
phocytic and histiocytic (L  &  H) cells is essential in order to 
distinguish cHL and nLPHL. 

mainly IL - 10 secreting regulatory T - cells and that these cells are 
able to reduce function of regulatory T - cells.  

  Clinical  p resentation 

 The most common presenting sign in children and adolescents 
with HL is progressive, painless lymphadenopathy, most fre-
quently in the neck. Figure  10.2 (a) shows the incidence of lymph 
node involvement and Figure  10.2 (b) extra nodal involvement in 
1018 patients (GPOH - HD 95 trial).   

 About 80% of the patients present with mediastinal involve-
ment, which can cause cough, shortness of breath or evidence of 
venous obstruction. Palpable enlargement of the liver and spleen 
or symptoms from osseous or pulmonary involvement are rare. 
About one - third of children present with systemic B - symptoms 
as defi ned by the Ann Arbor staging criteria (fever above 38 ° C, 
drenching night sweats, unexplained weight loss  > 10% within 6 
months). Itching is a rare sign in children and without prognostic 
relevance. 

 The disease might present with paraneoplastic signs such 
as nephrotic syndrome, immunothrombocytopenia, or other 
syndromes. Children with HL can present with immunologic 
defi ciencies and infection from an acquired cellular immune 
defect. 
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     Figure 10.2     (a), Relevant nodal involvement, % in trial GPOH - HD 95 ( n    =   1018). Each independent lymph node region is one fi eld (e.g. cervical and supraclavicular 
lymph node are together one fi eld, but left and right are different independent fi elds). (b), Extranodal involvement, % in trial GPOH - HD 95 ( n    =   1018).  (Modifi ed from 
D ö rffel W  [115] , with permission from Springer Science and Business Media.)   
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   •      Chest radiograph is essential in all cases including measure-
ment of mediastinal tumor size (ratio of maximum transverse 
tumor diameter to maximum intrathoracic diameter at T5/6 
level). A ratio greater than or equal to one - third defi nes bulky 
mediastinal disease and is considered in many trials an indication 
of advanced disease, requiring intensifi ed treatment. Thoracic 
computed tomography (CT) is the best method for the demon-
stration of lung involvement. Neck, abdomen, and pelvis can be 
investigated by CT or  –  without radiation exposure  –  with mag-
netic resonance imaging (MRI). Both imaging procedures can 
detect contiguous extranodal involvement of pleura, pericar-
dium, or thoracic wall. Pleural effusions might also be secondary 
to lymphatic or venous obstruction within the mediastinum. For 
examination with regard to potential subdiaphragmatic involve-
ment ultrasound, CT, or MRI have replaced diagnostic laparat-
omy and lymphangiography in the detection of subdiaphragmatic 
involvement. Splenectomy is obsolete and harmful in children 
with HL. Selective laparoscopy is indicated only in the rare case 
when subdiaphragmatic involvement cannot be excluded with 
other imaging methods. A surgical procedure might become nec-
essary in females cases with subdiaphragmatic disease where the 
ovaries have to be omitted from the RT fi elds.  
   •      Bone marrow biopsy remains mandatory in advanced cases 
(stage IIB – IV).  
   •      Gallium scanning is a sensitive diagnostic procedure in HD and 
used in many countries, but it has limited accuracy in subdia-
phragmatic sites. It will be replaced increasingly by fl uor - deoxy-
glucose - positron emission tomography (FDG - PET or PET).  
   •      Bone scanning was mandatory in most trials but with the intro-
duction of PET it can be limited to those cases with suspicious 
bone lesions.    

 FDG - PET is increasingly used in HL for initial staging and for 
response assessment after therapy (for overview see  [29] ). It can 
image the entire body and even detect foci in lung or bone. It can 
be used for differentiation between viable tumor and residual 
necrotic or fi brotic tissue and thus for evaluation of treat-
ment response (Figure  10.3 ). Today PET – CT more and more 

 When a diagnosis of HL has been confi rmed then staging pro-
cedures should be undertaken and carefully documented: 
   •      The exact history of disease (e.g. systemic symptoms, paraneo-
plastic syndromes) should be recorded.  
   •      Clinical examination of all palpable lymph nodes, palpation of 
spleen and liver, and examination of Waldeyer ’ s tonsillar ring by 
an otolaryngologist should be performed.  
   •      Laboratory tests are blood count, erythrocyte sedimentation 
rate, liver and renal function, serum protein and electrophoresis, 
immune status and serologic examinations for antibodies against 
relevant viral infection, and toxoplasmosis.  
   •      Electrocardiogram and echocardiography are strongly 
recommended.  
   •      The extent of diagnostic imaging depends on diverse factors 
including trial enrolment and socioeconomic conditions. 
Ultrasound, for example, is a reliable imaging procedure in the 
hands of experienced investigators for the detection of involved 
lymph nodes and the evaluation of abdominal organ enlarge-
ment, especially the spleen.  

  Table 10.2    WHO classifi cation of Hodgkin ’ s lymphoma and distribution (%) in 
trial  GPOH  -  HD  95 ( n    =   1018). 

        % of cases  

  Classic Hodgkin ’ s lymphoma (cHL):    91  
  Lymphocyte rich classical HL (LRcHL)    1  
  Nodular sclerosis (NS)  *      68  
  Mixed cellularity (MC)    21  
  Lymphocyte depletion (LD)     < 1  
  Nodular lymphocyte predominant Hodgkin ’ s 
lymphoma (nLPHL)  

  9  

    *    According to Bennett  et al.  [27]  we can perform a grading in type 1 and 2 
(relation in GPOH - HD 95 pts like 3:), which may have prognostic relevance 
according to some trials.   

     Figure 10.3     Imaging of a patient with axillary lymphadenopathy. Left panel: CT and PET prior to chemotherapy. Right panel: MRI and PET after chemotherapy. While 
the MRI shows residual lymph nodes, the PET is already negative.  (Figures kindly provided by Prof. Dr R. Kluge, Leipzig.)   
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involved lymph nodes but also to the adjacent regions which 
often are subclinically infi ltrated by HL  [30] . 

 The supradiaphragmatic lymph node regions and the mediasti-
num were encompassed in a so - called  ‘ mantle fi eld ’  and irradi-
ated simultaneously, the lymph nodes below the diaphragm 
(para - aortic, iliac and inguinal) and the spleen were treated using 
the  ‘ inverted Y - techniques ’ , with the combination of both 
volumes resulting in  ‘ total nodal irradiation ’  (TNI). In addition, 
it became obvious that a fractionated dose of about 40   Gy is 
needed for permanent local tumor control  [10] . This wide fi eld 
techniques and high dose RT can only be applied in a safe way 
with modern treatment equipment (megavolt linear accelerators, 
planning systems, customized blocks or leafs for the shielding of 
surrounding healthy tissue). However, despite using these 
modern techniques the very intensive RT can cause severe side 
and late effects, especially in children  [2] . 

 When effective chemotherapy became available it was recom-
mended to reduce the dose  [31]  and volumes of RT  [32]  or both 
 [4]  in pediatric trials. Low - dose irradiation of involved regions 
only (IF - RT) in combination with chemotherapy ( ‘ combined 
modality therapy ’ ) became the standard  [3, 33]  for some time. A 
further reduction of the irradiation volumes to individualized or 
 ‘ reduced involved ’  fi elds was performed in DAL trials (Figure 
 10.4 )  [34] . Nowadays efforts are directed towards response -
 adapted strategies with the avoidance of radiotherapy whenever 
it seems possible (see below).   

 During the past a variety of single antitumor agents were used 
for induction of and maintenance of remission in HD, e.g. with 
mechlorethamine, chlorambucil, vinca alkaloids, cyclophospha-
mide, procarbazine and others. But curative management of HD 
was not successful until the development of combination chemo-
therapy. De Vita  et al.   [8]  tried to combine various single cyto-
static agents with proven effi cacy in HD but each agent had a 
different mode of action and a different toxicity profi le. The most 
effective combination proved to be MOPP (mechlorethamine, 
oncovin [vincristin], prednisone and procarbazine). 

 When 188 patients with advanced HD were treated with 
MOPP the relapse - free survival (RFS) was 66% and the overall 
survival (OS) 48% at 20 years  [8, 45] . In the following years 
several variants of MOPP with substitution of some agents were 
tried, such as COPP (substitution of M by cyclophosphamide, 
Table  10.4 ), LOPP (substitution of M by chlorambucil), ChlVPP 
(substitution of M by chlorambucil and of O by vinblastine) and 
others  [46 : overview]. Some of these combinations proved to be 
less toxic in comparison to MOPP but not more effective. The 
German - Austrian pediatric DAL group developed OPPA in 
which mechlorethamine was replaced by adriamycin, and the 
doses of prednisone and vincristine were increased. OPPA has a 
high effi cacy and is considered the backbone of the DAL/GPOH 
trials. Another breakthrough was achieved with the development 
of ABVD (adriamycin, bleomycin, vinblastine and dacarbazine) 
by Bonadonna  et al.   [35] . ABVD proved equally effi cacious in 
trials either alone or together with MOPP in alternative or hybrid 
regimens (e.g. COPP/ABV, Table  10.4 ) and superior to MOPP 

substitutes for CT/MRI and PET. However, for correct staging it 
is absolutely necessary to have a CT scan with intravenous con-
trast to evaluate all lymph node regions correctly.   

 Clinical staging classifi cation of HL uses the Cotswold revision 
of the Ann Arbor classifi cation  [28]  (Table  10.3 ).   

 Most study groups use this staging system for treatment strati-
fi cation and differentiate early (I, II and IIIA) from advanced (IIIB 
and IV) stages. Early stages can be further divided according to the 
presence of additional risk factors into  ‘ early favorable ’  and  ‘ early 
unfavorable or intermediate ’  stages. Generally B symptoms, 
extranodal involvement and advanced stages were considered risk 
factors for poor prognosis. Other factors like bulky disease (e.g. 
mediastinal bulky disease, or a defi ned number and size of involved 
lymph node regions), high erythrocyte sedimentation rate or 
anemia are more dependent on treatment regimen. With effective 
treatment strategies some of these factors have lost their impact 
on prognosis, such as tumor burden and histological subtype.  

  Treatment 

 With modern RT alone, cure rates in early stage HL are up to 
80 – 90% in early stages and are about 50% in advanced stages. 
The recognition of the natural history with systematic spread of 
the disease from an initially involved node along known lym-
phatic pathways led to the development of the extended fi eld (EF) 
RT technique; radiotherapy was not just applied to clinically 

  Table 10.3    Ann Arbor/Cotswold staging classifi cation of Hodgkin ’ s lymphoma  
 (Lister  et al.  1989  [28] , modifi ed phrase)  . 

   Stage       

  I    Involvement of a single independent lymph node region (I) or 
lymphoid structure (e.g. spleen, thymus, Waldeyer ’ s ring) or 
a single extralymphatic site (I E )  

  II    Involvement of two or more lymph node regions on the same 
side of the diaphragm without (II) or with (II E ) involvement 
of extralymphatic organs or sites  

  III    Involvement of lymph node regions on both sides of the 
diaphragm without (III) or with (III E ) involvement of 
extralymphatic organs or sites  

  IV    Disseminated (multifocal) involvement of extra - nodal sites 
beyond  ‘ E ’  - sites  

   Annotations to stage defi nitions: 
  A.     No B symptoms  
  B.     At least one of the following systemic symptoms 

   1.     Unexplained persisting or recurrent fever above 38 ° C  
  2.     Drenching night sweats  
  3.     Inexplicable weight loss of more than 10% during last 6 months    

  E.     Extra - lymphatic structures or organs that are infi ltrated per continuum out or 
proximal of a lymphatic mass are termed E - lesion (examples: lung, pleura, 
pericardium, bones) and do not automatically qualify for stage IV. Exceptions: 
liver or bone marrow involvement always implies stage IV.      
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COPDAC, which avoid some of the serious late effects of other 
combination chemotherapies.   

 There are many publications about chemotherapy alone in 
treatment of children with HL. They were reported either from 

 [47] .  ‘ Stanford V ’   [40]  and BEACOPP  [39]  are noteworthy 
examples of combination chemotherapy regimens, although 
largely employed in adult trials. Important regimens for children 
and adolescents are also VBVP, VAMP, OEPA and possibly 
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     Figure 10.4     Radiation fi elds for total nodal irradiation, mantle fi eld, involved fi eld and individualized local fi eld.  (Reproduced from D ö rffel W  [115] , with permission 
from Springer Science and Business Media.)   
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  Table 10.4    Chemotherapeutic regimens in Hodgkin ’ s lymphoma. 

    ABVD 28   d  
  Bonadonna  et al.  1982  [35]   
  Adriamycin    25   mg/m 2     i.v.    d1+15  
  Dacarbacine    375   mg/m 2     i.v.    d1+15  
  Bleomycin    10   mg/m 2     i.v.    d1+15  
  Vinblastine    6   mg/m 2     i.v.    d1+15  

    COPP, 28   d, in brackets the modifi cation used by the DAL/GPOH group  
  Morgenfeld 1972  [36] / DAL: Breu 1982  [4]   
  Cyclophosphamide    650 (500) mg/m 2     i.v.    d1+8  
  Vincristine (O   =   oncovin)    1.4 (1.5) mg/m 2 , max. 2   mg    i.v.    d1+8  
  Procarbazine    100   mg/m 2 /d    p.o.    d1 – 14 ( − 15)  
  Prednison    40   mg/m 2 /d    p.o.    d1 – 14 ( − 15)  

    COPP/ABV 28   d (regimen used by CCG)  
  Nachmann  et al.  2002  [37]   
  Cyclophosphamide    600   mg/m 2     i.v.    d1  
  Vincristine    1.4   mg/m 2 ,max. 2   mg    i.v.    d1  
  Procarbazine    100   mg/m 2 /d    p.o.    d1 – 7  
  Prednison    40   mg/m 2 /d    p.o.    d1 – 14  
  Adriamycin    35   mg/m 2     i.v.    d8  
  Bleomycin    10   U/m 2     i.v.    d8  
  Vinblastine    6   mg/m 2     i.v.    d8  

    OPPA 28   d  
  Breu  et al.  1982  [4]   
  Vincristine (O   =   oncovin)    1.5   mg/m 2 ,max. 2   mg    i.v.    d1+8+15  
  Procarbazine    100   mg/m 2 /d    p.o.    d1 – 15  
  Prednison    60   mg/m 2 /d    p.o.    d1 – 15  
  Adriamycin    40   mg/m 2     i.v.    d1+15  
  OEPA 28   d              
  Schellong  et al.  1999  [34]               
  Schedule like OPPA, but Procarbazine substituted by:              
  Etoposide    125   mg/m 2     i.v.    d3 – 6  
  in the current version of the EuroNet  – PHL - C1 trial    1    dose Etoposide more    d1 – 5  

    COPDAC 28   d  
  K ö rholz 2006  [38]   
  Cyclophosphamide    650 (500) mg/m 2     i.v.    d1+8  
  Vincristine (O   =   oncovin)    1.4 (1.5) mg/m 2 , max. 2   mg    i.v.    d1+8  
  Dacarbazine    250   mg/m 2 /d    i.v.    d1 – 3  
  Prednison    40   mg/m 2 /d    p.o.    d1 – 15  

    BEACOPP - escalated, and in brackets: BEACOPP - basis 21   d  
  Diehl  et al.  1997  [39]   
  Bleomycine    10   mg/m 2     i.v.    d8  
  Etoposide    200 (100) mg/m 2     i.v.    d1 – 3  
  Adriamycin 35    (25) mg/m 2     i.v.    d1  
  Cyclophosphamide    1250 (650) mg/m 2     i.v.    d1  
  Vincristine    1.4   mg/m 2 , max. 2   mg    i.v.    d8  
  Procarbazine    100   mg/m 2     p.o.    d1 – 7  
  Prednisone    40   mg/m 2     p.o.    d1 – 14  
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    Stanford V 28   d  
  Bartlett  et al.  1995  [40]   
  Adriamycin    25   mg/m 2     i.v.    d1+15  
  Vinblastine    6   mg/m 2     i.v.    d1+15  
  Mechlorethamine    6   mg/m 2     i.v.    d1  
  Vincristine    1.4   mg/m 2 , max. 2   mg    i.v.    d8+22  
  Bleomycin    5   U/m 2     i.v.    d8+22  
  Etoposide    60   mg/m 2     i.v.    d15+16  
  Prednisone    40   mg/m 2     p.o.    alternating (each 2nd day)  

    VAMP 28   d  
  Donaldson  et al.  2002  [41]   
  Vinblastine    6   mg/m 2     i.v.    d1+15  
  Adriamycin    25   mg/m 2     i.v.    d1+15  
  Methotrexate    20   mg/m 2     i.v.    d1+15  
  Prednisone    40   mg/m 2     p.o.    d1 – 14  

    VBVP 21   d  
  Landman - Parker 2000  [42]   
  Etoposide (V= VP 16)    100   mg/m 2     i.v.    d1 – 5  
  Bleomycin    10   mg/m 2     i.v.    d1  
  Vinblastine    6   mg/m 2     i.v.    d1+8  
  Prednisone    40   mg/m 2     p.o    d1 – 8  

    VEPA 28   d  
  Friedmann 2002  [43]   
  Vinblastine    6   mg/m 2     i.v.    d1+15  
  Etoposide    200   mg/m 2     i.v.    d1+15  
  Prednisone    40   mg/m 2 /d    p.o.    d1 – 14  
  Adriamycin    25   mg/m 2     i.v.    d1+15  

    IEP 21   d  
  Schellong 2005  [44]   
  Ifosfamide    2000   mg/m 2     in 24   h i.v.    d1 – 5  
  Etoposide    125   mg/m 2     in 2   h i.v.    d1 – 5  
  Prednisone    100   mg/m 2 /d    p.o.    d1 – 5  

Table 10.4 Continued

countries with low resources and no availability of radiotherapy 
[e.g.  48 – 50 ] or from industrial countries, where pediatric oncolo-
gists have tried to avoid radiotherapy because of the unwanted 
late effects. But although some trials showed remarkably good 
outcome, they were not recognized, because most of these studies 
comprised only small numbers of additionally selected patients. 
Three large randomized US trials with and without RT as part of 
the treatment had good results in the chemotherapy only arm  [37, 
51, 52] , but a superior outcome for patients treated with RT and 
therefore combined modality therapy remained standard treat-
ment  [53] . 

 In the response adapted GPOH - HD 95 trial the omission of 
RT did not result in a poorer disease free survival (DFS) rate in 
113 early stage patients who achieved a complete remission (CR) 
with chemotherapy and had no RT, in comparison with the DFS 
rate of 281 patients, who did not achieve a CR with chemotherapy 

alone and therefore were irradiated (DFS after 5 years 97% versus 
94%)  [54] . 

 Combined modality therapy is a strategy allowing the admin-
istration of less toxic, shorter chemotherapy and low - dose, lim-
ited - volume radiotherapy. In Table  10.5  pediatric treatment 
schedules for early stage HL are listed, reporting dose intensity 
and cumulative doses of different chemotherapeutics, RT dose 
and the resulting EFS values.   

 The rules for stratifi cation differ in these study groups. 
Therefore different trials treat between 26% and 60% of all 
patients as early stage. But all trials achieved EFS values above 
91%. The differences in chemotherapy regarding the dose inten-
sity and cumulative dosage of the drugs are interesting. Dose 
intensity means the quantity of a single chemotherapeutic dose 
in mg/m 2  per week and determines, according to Hryniuk  [57] , 
the effi cacy. The cumulative doses of the drugs on the other hand 
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  Table 10.5    Pediatric treatment strategies and outcome in early stage Hodgkin ’ s lymphoma. Chemotherapeutics with dose intensity in mg/m 2 /week and cumulative doses 
in mg/m 2  (in brackets); applied radiotherapy and event - free survival ( EFS ).   (Modifi ed according to  [114] , with kind permission of Springer Science and Business Media.)   

   Trial     AIEOP - MH 89     France: MHD 90     USA: SSD     USA: CCG     GPOH - HD 95  †    

  Publication    Vecchi  et al.  
 [55]  1997  

  Landman - P  et al.  
 [42]  2000  

  Donaldson  et al.  
 [56]  2007  

  Nachmann  et al.  
 [37]  2002  

  D ö rffel  et al.  
 [54]  2003  

  Number of cycles    3 ABVD    4 VBVP  *      4 VAMP    4 COPP/ABV    2 OPPA (f) or OEPA (m)  

  Treatment duration    12 weeks    12 weeks    16 weeks    16 weeks    8 weeks  

  Adriamycin    12.5 (150)        12.5 (200)    8.75 (140)    20 (160)  

  Bleomycin    5 (60)    3.3 (40)        2.5 (40)      

  Cyclophosphamide                150 (2400)      

  Dacarbazine    188 (2250)                  

  Etoposide        167 (2000)            m   =   125 (1000)  

  Methotrexate            10 (160)          

  Prednisone        93 (1120)    140 (2240)    140 (2240)    225 (1800)  

  Procarbazine                175 (2800)    f   =   375 (3000)  

  Vinblastine    3 (36)    4 (48)    3 (48)    1.5 (24)      

  Vincristine                0.35 (5.6)    1.1 (9)  

  IF - RT - dose    21   Gy    20 ( − 40) Gy and para - aortic 
fi eld   +   spleen  

  15 ( − 25.5) Gy    21   Gy (36% of patients 
without RT)  

  20 ( − 35) Gy, 30% of 
patients without RT)  

  Patient (n=)    100    202    110    294    408  

  % of all HL - patients    39    60    34    26    40  

  EFS    91% (7 years)    91% (5 yearrs)    93% (5 years)    95% (3 years)    94% (5 years)  

    *    In trial MHD 90  ‘ poor responder ’  patients (tumor regression  < 70%,  n    =   27) received additionally 1 – 2 OPPA cycles.      †    In trial GPOH - HD 95 chemotherapy was different for 
girls (f) and boys (m).   

are more relevant for toxic late effects. Therefore we favour 
schedules with high dose intensity and low cumulative doses. In 
addition there should be a low risk for organ dysfunction, infer-
tility, and secondary malignant neoplasm, and for this reason 
the schedule should avoid radiotherapy, procarbazine, and high 
doses of adriamycin, bleomycin or alkylating agents. This strat-
egy is currently applied in the EuroNet - Pediatric Hodgkin ’ s 
Lymphoma Group trial  ‘ EuroNet - PHL - C1 ’   [38] . 

 Comparing results in intermediate and advanced stages of HL 
is more diffi cult in view of the very different stratifi cation of 
patients between different study groups. Stage IV disease has the 
most dismal outcome. For instance, the EFS of stage IV patients 
was only 49% in the UKCCSG study  [58]  and 62% in the fi rst 
French pediatric study  [59] . In the German - Austrian trial, 
DAL - HD 82, all 50 patients of stage IIIB and IV were treated with 
two cycles of OPPA, four cycles of COPP and involved fi eld RT 
with 25   Gy (and boost doses up to 35   Gy for larger residual 
masses). The achieved EFS rate of 87% after 3.5 years was so 
encouraging that the Italian and French pediatric Hodgkin ’ s 
groups participated in the SIOP - study HD - IV - 87 for children 
with stage IV. The treatment was identical to the one employed 
for advanced stages in DAL - HD 82, but the IF - RT dose was 

reduced to 20   Gy. Sixty - fi ve children treated in this manner 
achieved an EFS of 77% and an OS of 93% after more than 7 
years  [60] . Nearly identical therapy was given in trial GPOH - HD 
95, but boys received OEPA instead of OPPA and all patients who 
achieved a CR (defi ned as tumor volume regression  > 95% and 
maximal single lymphomas  < 2   ml) did not receive RT. The DFS 
for this cohort with advanced stages, mostly IIIB or IV, were 91% 
for 265 irradiated patients and 80% for 57 patients without RT 
after 5 years  [54] . 

 Similar results were obtained by the Children ’ s Cancer Group 
trial CCG 5942. In this trial stage IV patients were treated with 
two cycles of high dose cytarabine and etoposide, two cycles 
COPP/ABV and two cycles of a combination chemotherapy with 
cyclophosphamide, adriamycin, vincristine, methylprednisolone 
and prednisone. Patients who achieved an initial CR (defi ned 
here as tumor volume regression of  > 70% and gallium negative) 
after chemotherapy were randomized to receive low - dose IF - RT 
or no further treatment. With an  ‘ as treated ’  analysis, the 3 - year 
EFS for the radiation cohort was 91% and 79% for patients 
without RT  [37] . 

 In the past, many study groups used treatment regimens with 
a higher burden of toxic chemotherapy and RT for patients with 
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(4800   mg/m 2 ), and has potentially high risk for acute and late 
effects, and is particularly disadvantageous therefore for children 
and adolescents. 

 One - hundred and forty - two patients with unfavorable risk 
factors were treated with the  ‘ Stanford V ’  regimen (Table  10.4 ) 
in combination with RT for initial bulky lymphomas, and they 
achieved an EFS of 89% and an OS of 96% after 5 years  [68] . 

 Data on treatment experiences in children with relapsed 
Hodgkin ’ s lymphoma are very limited. A recent analysis of 174 
patients with relapse/progression treated according to the DAL -
 HD - ST - 86 treatment recommendations showed an estimated 
disease - free survival of 61% and an overall survival of 74% after 
10 years  [44] . 

 For remission induction, relapsing patients received a combi-
nation of IEP (ifosfamide, etoposide and prednisone) alternating 
with ABVD, followed by radiotherapy. In patients with progres-
sive disease, relapse induction treatment was mainly followed by 
autologous transplantation during recent years. 

 In a multivariant analysis, time of relapse was the only signifi -
cant risk factor. The time of relapse was differentiated as progres-
sion (during front line therapy or until 3 months after the end of 
treatment), early relapse ( > 3 and  < 12 months after end of therapy) 
and late relapse ( > 12 months after end of front line therapy). DFS 

advanced - stage disease. Some important trials in advanced - stage 
pediatric HL by different countries and groups are listed in 
Table  10.6 .   

 In the current EuroNet - PHL - C1 trial, advanced - stage patients 
are treated with two cycles of OEPA and  –  in randomized fashion 
 –  with four cycles of COPP or COPDAC (see Table  10.4  and 
Figure  10.5 ). Response will be evaluated after two cycles for RT 
stratifi cation. RT should be omitted in patients with adequate 
response, i.e. patients in CR or in partial remission (PR, defi ned 
as tumor volume regression equal or  > 50% or residual volume 
equal or  < 5   ml) measured with conventional imaging studies, and 
negative FDG - PET results. Patients with inadequate response will 
be irradiated, i.e. if at least one initially involved region is PET -
 positive or the residual masses are not at least in PR measured 
with conventional imaging procedures  [38] .   

 In trial HD9 of the German Hodgkin Study Group, 460 adult 
patients with unfavorable risk factor HL were treated with eight 
cycles of escalated BEACOPP (see Table  10.4 ) and RT for bulky 
tumors (30   Gy) and residual lymphomas after chemotherapy 
(40   Gy). They achieved a  ‘ freedom from treatment failure ’  (FFTF) 
of 89% and OS of 91% after 3 years  [67] . But this regimen con-
tains high cumulative doses of adriamycin (280   mg/m 2 ), bleomy-
cin (80   mg/m 2 ), cyclophosphamide (10   g/m 2 ) and etoposide 

  Table 10.6    Pediatric treatment strategies and outcome in advanced stage Hodgkin ’ s lymphoma. 

   Trial (published by)     Stage     Chemotherapy     RT      n      Outcome in % (years)  

  POG (Weiner 1991)  [61]     III   +   IV    4 MOPP   +   4 ABVD    21 Gy, TNI    80    80 (EFS 5), 87 (OS 5)  

  SFOP MDH 82 (Oberlin 1992)  [59]     III    3 MOPP   +   3 ABVD    20 – 40 Gy, EF    40    82 (DFS 6)  
  IV    21    62 (DFS 6)  

  DAL - HD 82  [62] (Schellong 1992)     III B   +   IV    2 OPPA   +   4 COPP    25 ( − 35) Gy, IF    50    86 (EFS 9)  

  St Jude (Hudson 1993)  [63]     IV    5 COP   +   4 ABVD    20   Gy, IF    27    85 (DFS 5), 86 (OS 5)  

  AIEOP - MH 1983 (Vecchi 1993)  [64]     IIIB   +   IV    5 MOPP   +   5 ABVD    25 – 40   Gy, 
 EF or bulky d.  

  49    60,3 (FFP 7)  

  Stanford (Hunger 1994)  [65]     IV    3 MOPP   +   3 ABVD    15 – 25   Gy, IF    13    69 (EFS 10), 85 (OS 10)  

  SIOP HD - IV 87  [60] (Schellong 1996)     IV    2 OPPA   +   4 COPP    20 ( − 35) Gy, IF    65    77 (EFS 7), 93 (OS 7)  

  CCG  [52] (Hutchinson 1998)     III   +   IV    6 ABVD    21   Gy, IF, EF or TNI    54    87 (EFS 4), 90 (OS 4)  

  DAL - HD 90  [34] (Schellong 1999)     IIIB   +   IV    2 OPPA (m) or 2 OEPA (f)   +   4 COPP    20 ( − 35) Gy, RIF    179    86 (EFS 5), 94 (OS 5)  

  UKCCSG HD 8201   +   9201 (Atra 2002)  [58]     IV    6 – 8 ChlVPP     ± 20 – 35   Gy to 
 bulky disease  

  67    49 (EFS 10), 77 (OS 10)  

  SSD  [43] (Friedmann 2002)     III   +   IV    6 VEPA    15 – 25,5   Gy, IF    30    82 (EFS 5)  

  Toronto (Chow 2006)  [66]     IV    6 – 8 MOPP/ABV     ± 15   Gy, EF    23    78 (EFS 10), 91 (OS 10)  

   EFS, event free survival. OS, overall survival. DFS, disease - free survival. FFP: freedom from progression. TNI, total nodal irradiation. EF, extended fi eld. IF, involved fi eld. 
RIF, reduced involved fi eld. SSD, Stanford University Medical Centre, St Jude Children ’ s Research Hospital and the Dana - Farber Cancer Institute.   
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     Figure 10.5     EuroNet - PHL - C1 schedule for front 
line therapy.  

for patients with early and late relapse was 53% and 84% respec-
tively. The best prognosis was obtained in patients with late 
relapse after initial diagnosis of an early stage (DFS of 96% after 
combined radio - chemotherapy). The initial stage of the disease 
seemed therefore to have some additional infl uence on the prog-
nosis. These results are similar to those reported in adults  [69] . 

 Randomized studies comparing conventional chemotherapy 
versus mega - dose therapy followed by autologous stem cell trans-

plantation showed an advantage of the more intensive treatment 
in adult patients with relapsed HL  [70, 71] . In the study of 
Schmitz  [71] , patients with chemotherapy - sensitive early and late 
relapse (same defi nitions as above) benefi ted from the autologous 
transplantation. After 3 years ’ , FFTF in patients with early relapse 
was 41% for those receiving high - dose treatment and 12% for 
those receiving conventional therapy. In those patients with late 
relapse, FFTF was 75% for those treated with high dose and 44% 
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months, and for the third year the same procedures but 3 monthly 
clinical examinations and 6 monthly imaging. The details of 
imaging will depend on the primary involvement. Ultrasound is 
mandatory in all cases, but chest X - rays, MRI and CT investiga-
tions will vary according to site and FDG - PET only in case of 
suspected relapse. Regular investigations during later follow up 
should be restricted to clinical examinations at larger intervals 
because the fi rst symptoms of late recurrent disease can be rec-
ognized earlier by the patient and relatives rather than by imaging 
studies  [74] . 

 Follow - up investigations for detecting late effects depend 
mainly on the kind of chemotherapy and radiotherapy, and one 
has to consider also the time interval after treatment (for over-
view see  [75] ). Some late effects do not appear until 15 or more 
years after treatment and our knowledge of these late effects is 
necessarily limited. 

 Cumulative mortality from reasons other than HL is already 
signifi cant and will further increase over the following years in 
those patients treated during the 1970s and 1980s. An analysis of 
387 children with HD treated at St Jude Children ’ s Research 
Hospital between 1968 and 1990 showed that in this cohort the 
cumulative mortality due to other reasons than HD (i.e. second-
ary malignancy 4.3%, cardiac diseases 2.9%, infections 2.9%, 
accidents and suicides 2.1%) actually exceeded the mortality by 
HD (9.8%) after 20 years  [76] . 

 Table  10.7  shows an overview of the most relevant known late 
effects after treatment of HL in childhood and adolescents.   

 Overwhelming post - splenectomy infections are a relic of the 
previous era when exploratory laparotomy and splenectomy were 
obligatory staging measures. These procedures were reduced in a 
stepwise procedure and later completely abandoned during the 
course of DAL/GPOH studies. In the cohort of 1245 patients 
enrolled in the DAL studies HD - 78 to HD - 90 the OS rate after 
24 years was 87% in the total group, 83% in 335 asplenic patients 
(with a fatal course in 11 of 18 overwhelming post - splenectomy 
infection events) and 93% in 910 non -  or only partially splenec-
tomized patients. In the large group of non - splenectomized 
patients only two non - fatal cases of septicaemia were observed 
and one event in a patient after irradiation of the spleen with 

for those treated with conventional therapy. Patients with multi-
ple relapses did not benefi t from peripheral blood stem cell 
therapy (SCT). The EFS at 4.8 years for 38 children treated with 
high dose chemotherapy plus autologous SCT is 42%  [72] . A 
currently open transplant question is whether a positive FDG -
 PET result prior to autologous SCT is a negative predictor for 
outcome after transplantation. Becherer  et al.   [73]  investigated 
the role of FDG - PET in 16 patients with NHL ( n =10) or HL 
( n =6). Only one of eight patients with a negative or weakly posi-
tive PET scan before SCT relapsed, whereas seven of eight patients 
with moderate or strongly positive PET relapsed. Based on these 
experiences the strategy of the EuroNet - PHL - C1 protocol 
includes three relapse groups (Figure  10.6 ): 
   •      RG1:     Patients with late relapse after initial treatment for early 
stage disease.  
   •      RG2:     All patients with early relapse or patients with late relapse 
after initial diagnosis of an intermediate or advanced stage disease.  
   •      RG3:     All patients with progressive disease.      
 RG1 patients receive two double cycles of IEP - ABVD followed by 
radiotherapy of all regions involved at the time of relapse. Patients 
in RG3 receive two double cycles of IEP - ABVD followed by high -
 dose BEAM and autologous stem cell transplantation. Patients in 
RG2 with an adequate early response (defi nition similar to 
patients in front line therapy according to trial EuroNet - PHL - C1, 
see above) receive treatment according to RG1, whilst patients 
with an inadequate response receive treatment according to RG3.  

  Strategies for  f ollow  u p and  o verview of 
 i mportant  l ate  e ffects 

 Follow up investigations after treatment of Hodgkin ’ s lymphoma 
in children and adolescents have two aims  –  early detection of 
relapsing disease and recognition of late effects. 

 Recurrent disease occurs most frequently during the fi rst three 
years, e.g. in DAL/GPOH studies about 90% of all recurrences 
occur after front line therapy. Therefore we recommend during 
the fi rst 2 years regular clinical examinations every 6 weeks and 
investigations by laboratory and imaging procedures every 3 
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     Figure 10.6     EuroNet - PHL - C1 schedule for 
treatment of progressive and recurrent HL.  
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 The risk for thyroid abnormalities after neck irradiation is 
increased for children and adolescents and it increases with 
higher radiation doses and with time after radiation. The most 
common abnormality is hypothyroidism, which might be overt 
or sub - clinical, but the spectrum of abnormality includes thyroid 
nodules, thyroid cancer, and other thyroid disorders. The risk for 
benign nodules and for thyroid cancer is different with increasing 
radiation dose. Whereas the risk for nodules rises continuously 
with increased dosage, and strongly over 25   Gy, the risk for 
thyroid cancer rises only with lower doses, but declines over doses 
of 30   Gy  [ 80, 81] . 

 Gonadal toxicity and infertility were relatively frequent events 
after treatment of HL in childhood and adolescents in the past. 
Damage by RT occurred more often in girls when the ovaries 
were not suffi ciently protected. Infertility caused by chemother-
apy, such as alkylating agents, was a more common problem 
until the current treatments were developed. A particularly toxic 
therapy in this regard for boys is procarbazine. For instance, two 
cycles of OPPA (1500   mg/m 2  procarbazine) led, in 28.9% of 
males, to an elevation of basal values of follicle stimulating 
hormone (FSH) which indicates a high suspicion for hypergo-
nadotropic hypogonadism and azospermia. Boys who were 
treated with two cycles of OPA or OEPA without procarbazine 
showed FSH values within the normal range  [82] . The agents in 
ABVD (see Table  10.4 ) do not usually cause permanent azosper-
mia  [83] . 

 There is no data as to whether alkylating agents and procar-
bazine also damage the germ cells of girls and can induce prema-
ture menopause as in adult women. Younger women are very 
often fertile after HL therapy, as shown in former DAL studies, 
and there are already many healthy offspring from former DAL 
patients. 

 Secondary malignant neoplasias (SMN) occur more often after 
HL therapy in childhood and adolescence than after all other 
primary malignant neoplasias  [84] . The cumulative incidence of 
SMN after pediatric HL increased in all different studies with 
time, but the absolute numbers are quite different. After 15 years 
they vary between 3.6%  [85] , 7%  [86]  and 12%  [87] , after 20 
years between 7%  [85, 88] , 11%  [89]  and 19%  [90]  and after 30 
years between 18%  [85] , 26%  [89]  and 31%  [90] . Figure  10.7  
shows the cumulative incidences after 22 years of follow - up for 
all SMN and individually for secondary non - Hodgkin ’ s lym-
phoma (NHL), for leukemias/myelodysplastic syndromes, and 
for solid tumors.   

 Secondary leukemias and myelodysplastic syndromes manifest 
in the fi rst 10 – 15 years after HL therapy only and are caused by 
different chemotherapy drugs. Drugs such as mechlorethamine 
and chlorambucil have a higher leukemogenic potential (2 – 6%) 
than cyclophosphamide. Therefore, only 0.6% of secondary 
leukemias were observed in DAL studies  [91, 92] . 

 The manifestation of NHL is also restricted to the fi rst 10 – 15 
years after HL therapy, but there is more speculation than evi-
dence about the cause of these tumors. In DAL studies the cumu-
lative incidence of secondary NHL is 0.8%  [92] . 

20   Gy  [77] . Recommended measures for the prevention and 
treatment of infections in patients with an absent or dysfunc-
tional spleen are well known  [78] . 

 Growth pattern and fi nal height were sometimes affected fol-
lowing intensive radio -  and chemotherapy in patients treated 
intensively in the past. More relevant now are the musculoskeletal 
effects that follow high - dose radiotherapy, especially when given 
in early childhood, in the region of the neck and upper thorax, 
with intraclavicular narrowing and shortening of the clavicles, 
and atrophy of the soft tissue in this region. 

 Lung dysfunction, mostly caused by pulmonary fi brosis, is a 
rather rare event today and relevant only for patients with higher 
dose and large volume radiation of the lungs and also for patients 
undergoing salvage therapy with lung toxic chemotherapy like 
bleomycin, nitrosureas and busulfan. 

 Cardiovascular late effects have been the most common non -
 malignant sources of excess mortality among survivors of HD 
treated in the past, when the heart was completely irradiated with 
high doses and now obsolete radiation techniques  [79] . These 
patients died from premature coronary artery disease with myo-
cardial infarction, valvular dysfunctions, peri -  or pancarditis, 
conducting system abnormalities or vascular diseases, including 
atherosclerosis, thrombosis, and stroke. Cardiomyopathies in 
survivors of HD can also result from chemotherapy, particularly 
with anthracyclines, but also from vinca alkaloids and alkylating 
agents in combination with radiotherapy. Because cardiac com-
plications often do not occur until 20 or more years after comple-
tion of treatment, we do not know the exact risk of our currently 
used combined modality therapy. It is therefore imperative 
that we should monitor survivors by regular cardiac check ups. 
Special care should be taken with regard to cardiac function in 
pregnancy. 

  Table 10.7    Most relevant late effects after treatment of Hodgkin ’ s lymphoma 
in childhood and adolescence. 

   Late effects     Radiotherapy     Chemotherapy  

  Septic infections (OPSI)    Spleen  >    20   Gy      
  Local growth impairment    +      
  Pulmonary dysfunction (fi brosis)    +    Bleomycin etc    
  Heart: cardiomyopathy    (+)    Anthracyclines a.o.  
  Heart: abnormalities of valves, 

coronaries, pericardium or 
conduction  

  ++    (+)  

  Vascular disease: stroke a.o.    +      
  Thyroid: hypothyroidism, 

nodules a.o.  
  ++      

  Ovarian dysfunction    +    Alkylating agents a.o.  
  Testicular dysfunction    (+)    Procarbazine a.o.  
  Secondary leukemia/

non - Hodgkin ’ s lymphoma  
      ++  

  Secondary solid tumors    +++    (+)  
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stem cell transplantation. They showed that the FDG - PET results 
could infl uence the administration of donor lymphocytes in 9 of 
15 patients with three patients receiving the DLI earlier or at a 
higher dose. In addition, monitoring with PET revealed a GvL 
effect in fi ve patients. 

 In about 40% of HL patients tumor cells express EBV - specifi c 
membrane proteins (LMP1 an dLMP 2). Bollard  et al.   [95]  used 
this antigen expression profi le for specifi c immunotherapy using 
EBV - specifi c cytotoxic T - lymphocytes (CTL) in 14 patients. Gene 
marking revealed that after infusion these cells were further 
expanded  in vivo . Five of 14 patients were in complete remission 
up to 40 months after cell therapy. In another patient Bollard  [96]  
reported the use of donor - derived EBV - specifi c CTL after alloge-
neic transplantation. Immunotherapy induced a long - term 
remission in this patient with multiple relapses. Thus, allogeneic 
stem cell transplantation after dose - reduced conditioning in 
combination with specifi c immunotherapy might become an 
option for future treatment of refractory HL patients by increas-
ing a GvT effect without severe GvHD. 

 Other strategies include the use of CD30 monoclonal antibod-
ies. These antibodies are conjugated either to toxins or radioac-
tive agents. Recently a CD30 antibody conjugated to Iodine - 131 
 [97]  was used in a phase I trial including 22 patients with refrac-
tory HL. One complete and fi ve partial remissions were observed. 
In another trial this antibody was linked to the deglycosylated 
ricin A - chain  [98] . However, the results of this trial were rather 
disappointing. Thus, monoclonal antibody strategies might be 
used as additional treatment option in refractory HL patients in 
future.  

  Nodular  l ymphocyte  p redominant 
 H odgkin ’ s  l ymphoma 

 Lymphocyte - predominant HL (LPHL) is a rare CD - 20 positive 
sub - type of HL which accounts for about 7% of all HL  [99] . The 
malignant cells are composed of lymphocytic and histiocytic cell 
types which are frequently negative for CD15 and CD30, the 
typical markers of H - RS cells in cHL. Only a minority of these 

 In contrast to leukemias and NHL, secondary solid tumors 
most commonly appear 10, 15 or more years after treatment and 
the majority occur in the radiation fi elds or at their margins. 

 The commonest such tumors are thyroid, breast, and colorec-
tal but others include skin tumors, tumors of the central nervous 
system, bone or soft tissue sarcomas and many others. According 
to some more recent publications the cumulative incidence of 
SMN rises linearly with RT  –  except for thyroid cancer, as dis-
cussed above  –  and so we can hope that the incidence will be 
markedly decreased in the recently treated HL patients who have 
received a lower dose and smaller volume radiation therapy. 

 We have some data about reduced quality of life, fatigue and 
other phenomena after treatment of HL in adults, but our knowl-
edge of treated pediatric HL in this regard is limited. 

 Recommendations for follow - up investigations will be indi-
vidualized according to the chemotherapy and/or radiotherapy 
that has been applied, and according to the anticipated late 
effects. Patients should be informed about late effects and the 
possibilities to reduce any risk including the practice of healthy 
behaviour.  

  Novel  t herapeutic  a pproaches 

 Most of the patients with HL are cured after primary or secondary 
treatment. About 3% of the patients appear to have disease that 
is primarily refractory to conventional treatment. Recently in 
these patients, allogeneic transplantation with dose - reduced con-
ditioning has successfully been applied. Peggs  et al.   [93]  reported 
on 49 patients. Of the 49 patients, 44 received allogeneic trans-
plantation for progression after autologous transplantation. 
Overall survival at 4 years was 55.7%. Sixteen patients received 
donor lymphocyte infusions (DLI) for relapse after allogeneic 
transplantation, and in eight of 16 patients a complete response 
was obtained, indicating a signifi cant graft versus tumor (GvT) 
effect in HL patients. However, some patients presented with 
severe graft versus host disease III/IV and it is therefore necessary 
to determine the optimal strategy for such DLI. Therefore, Hart 
 et al.   [94]  investigated the relevance of FDG - PET after allogeneic 
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But the aim is treatment reduction. Thus, upstaging due to PET 
should avoided in patients with a good prognosis, to avoid 
overtreatment.  
   •      Response assessment using conventional imaging and PET is 
very complicated, so that incorrect treatment decisions are pos-
sible, especially at centres with few patients and little experience. 
Therefore, the EuroNet - PHL group established a real - time central 
review board, which reviews all clinical information as well as all 
imaging data sets. Based on these evaluations the reference stage 
of each individual patient is determined and response to chemo-
therapy and the decision for or against radiotherapy after chemo-
therapy is also centralized. As a result, each patient benefi ts from 
high expertise, independent of the experience of the local hospital 
with HL in children. The results of such a review panel have 
previously been published by Dieckmann  et al.   [114] .    

 LPHL seems to be a special sub - entity which mostly is diag-
nosed at early stages. Although the prognosis is favorable, cur-
rently most patients receive the same intensive treatment as 
patients with cHL, which results in overtreatment in many 
patients. In the future, patients with stage IA disease should be 
treated with surgery alone if complete resection can be achieved. 
Using FDG - PET for a better identifi cation of patients with 
incomplete resection should improve the results of this strategy. 
All patients without complete resection will receive low intensity 
chemotherapy. Taken together this concept should cure the 
majority of all LPHL - patients, avoiding treatment modalities 
leading to signifi cant late effects. 

 Future protocols for patients with cHL or LPHL aim at avoid-
ing and minimizing late effects. Thus prospective documentation 
and continuous evaluation of late effects within an international 
late effect registry will be necessary to develop suitable treatment 
strategies in future. 

 During the next years new treatment modalities, including 
allogeneic transplantation and tumor - specifi c immunotherapy, 
will be developed for patients with primary refractory disease. 
Using gene chip technology, it might become possible to identify 
these patients in the future before an insuffi cient treatment has 
been started. Thus, if these patients could ideally be identifi ed at 
the time of initial diagnosis, the development of completely dif-
ferent protocols for these patients is possible.  
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   Introduction 

 The histiocytoses are defi ned as disorders that are due to abnor-
mal accumulation of histiocytes, encompassing both increased 
proliferation and decreased apoptosis. The writing group of the 
Histiocyte Society has classifi ed the histiocytoses into two major 
subtypes  –  disorders of variable biologic behavior and those dis-
orders that are clearly malignant  [1] . Malignant disorders are 
dealt with elsewhere in this book. The disorders of variable bio-
logic behavior are further subdivided into disorders of the antigen 
presenting dendritic cells and disorders of the macrophage/
monocyte (Table  11.1 ). This classifi cation system provides a 
means of standardizing the nomenclature thereby making pos-
sible international cooperative studies of the two major histio-
cytic disorders, Langerhans cell histiocytosis and hemophagocytic 
lymphohistiocytosis (HLH).    

   L angerhans  c ell  h istiocytosis ( LCH ) 

 LCH is characterized by clonal proliferation and excess accumu-
lation of pathologic Langerhans cells (LCs) at various sites. LCH 
has a wide spectrum of clinical presentation and prognosis and 
has been variously considered to be a neoplasm, a reactive disor-
der or an aberrant immune response  [2] . 

  Histopathology 
 The histopathology of LCH is that of a granulomatous lesion 
containing pathologic LCs and other cells such as eosinophils, 
macrophages, multinucleated giant cells, stromal cells and natural 
killer (NK) cells  [3] . The diagnosis is clinico - pathologic, based on 
histology and immunohistochemistry within the correct clinical 
setting, to exclude reactive normal LCs in nodes in association 
with various diseases  [4, 5] . 

 Diagnosis requires demonstration by immunohistochemistry 
of either or both: 

   •      CD1a  
   •      Langerin and/or Birbeck granules (BG) which are typically rod -  
or racket - shaped cytoplasmic organelles seen on electron micro-
scopy (EM).    

 Langerin (CD207) is a mannose - specifi c lectin involved with 
traffi cking of exogenous antigens to the intracellular BG com-
partments  [3] . Langerin positivity by immunohistochemistry is 
seen whenever BG are present, with 100% concordance  [3, 6]  and 
EM is therefore no longer needed for diagnosis. BG are usually 
absent from brain and liver LCH, even when these organs are 
clinically involved  [7] .  

  Pathogenesis 
 The lesional LCH - cell is most akin to the normal LC, but is 
clearly pathologic. Normal LCs, the sentinels of the immune 
system for foreign antigens, are strategically located at host/envi-
ronmental interfaces such as epidermis, respiratory, and genital 
epithelia  [3] . Put simply, LCs capture antigens, process them, 
express the antigenic peptides on their cell surface, migrate 
through lymphatics, and present antigen to peptide - specifi c 
na ï ve -  and central memory - T cells in the T - cell areas of draining 
nodes and spleen  [8,9] . These processes appear to be controlled 
by cytokines and chemokines produced by the keratinocytes, 
LCs, endothelial cells, and T - cells  [10] . During normal matura-
tion the LCs down - regulate CCR6, a receptor present on the cell 
surface, which keeps the LC in the epidermis and up - regulates 
CCR7 which responds to a chemokine within the lymph node 
allowing physiologic traffi cking from skin to node. Lesional 
CD1a+ LCH cells fail to both down - regulate CCR6 and to up -
 regulate CCR7 preventing them from leaving their peripheral 
tissue sites where they accumulate and express other infl amma-
tory chemokines, resulting in their own recruitment and reten-
tion, as well as that of other infl ammatory cells, including 
eosinophils and T - cells. Ligation of CD40+LCH cells by the high 
number of lesional CD40L+ T - cells results in activation of both 
cells and erratic and uncontrolled production of various 
cytokines. The result is an amplifi cation cascade, with cytokine 
upregulation in auto -  and paracrine loops, creating the  ‘ cytokine 
storm ’   [11, 12] . 

 Many different cytokines have been demonstrated in LCH 
including IL - 2, IL - 4, IL - 5, TNF -  α , IL - 1 α , GM - CSF and IFN -  γ , 
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undiagnosed. Studies report a slight male preponderance overall, 
with an M   :   F ratio as high as 2   :   1 in MS patients. 

 The severity of disease tends to be age - related, with MS LCH 
seen mainly in children  < 2 years of age, multifocal SS disease in 
children between 2 and 5 years, while 50% of unifocal bone 
disease occurs in children over 5  [15, 16] . In adult patients, iso-
lated pulmonary LCH (PLCH) is seen occurring most commonly 
in the 20 – 40 - year - old age group. The vast majority of PLCH is 
seen in smokers, explaining why the incidence is increasing in 
young females, although there is still a male preponderance at the 
present time  [17] .  

  Clinical  p resentation 
 LCH in children is very diverse, with some patients presenting 
with localized disease that resolves spontaneously or with minimal 
therapy, while others develop a low grade chronic form of the 
disease with repeated reactivations and the risk of permanent 
long - term disabilities. At the other extreme, seen mainly in young 
infants, is the presentation with life - threatening disseminated 
LCH with rapid progression and death. The need for a uniform 
defi nition of extent of disease and  ‘ risk - adjusted ’  therapy led to 
the defi nition of two categories of disease: 
   •      single - system (SS - LCH)  
   •      multisystem (MS - LCH)    

 SS disease is further subdivided into: 
   •      unifocal SS - LCH  
   •      multifocal SS - LCH    
 MS disease is divided into  ‘ risk ’  categories by the presence or 
absence of risk organ involvement. Approximately two - thirds of 
patients present with SS - LCH, most commonly in bone  [10, 16] . 
SS disease may progress to become limited MS disease with 
involvement of the hypothalamo - pituitary axis and CNS. Young 
babies can also progress from SS - LCH (usually skin - only disease), 
to the disseminated, potentially fatal form of the disease, while 
conversely patients with risk organ MS - LCH who respond to 
therapy, can reactivate later in low risk organs (usually bone) and 
be at signifi cant risk of long - term complications. 

  Bone  L angerhans  c ell  h istiocytosis 
 Approximately 80% of pediatric LCH patients have bone disease: 
   •      80% have SS bone disease.  
   •      20% bone as part of MS - LCH.  
   •      Unifocal bone (UFB) occurs in 78%.  
   •      Multifocal bone (MFB) occurs in 22%  [18] .    
 The bone most commonly involved is the skull, followed by 
spine, lower extremity, pelvis, ribs, and upper extremity. Proximal 
long bones are more commonly involved than distal and the 
hands and feet are usually spared. In the long bones, the diaphysis 
and metaphysis are equally involved and the epiphysis is com-
monly spared, but epiphyseal location does not exclude LCH 
 [19] . 

 Presentation is with swelling and/or pain, present during 
activity and/or rest. Bone lesions may, however, be completely 
asymptomatic. 

IL - 3 and IL - 7, contributing to the pathological sequelae including 
fi brosis, bone resorption, and necrosis. 

 Despite the plethora of studies and increasing knowledge the 
etiology of LCH remains unknown and there is continued debate 
as to whether LCH is a neoplastic or a reactive disease.  

  Genetic  f actors 
 Evidence of familial clustering of LCH, a higher concordance rate 
for monozygotic twins compared with dizygotic (87 vs 10%), as 
well as a younger median age at diagnosis (4 vs 32 months) and 
a higher prevalence of multisystem (MS) disease (87 vs 50%) in 
monozygotic twins, suggest a genetic predisposition for LCH 
 [13] . Second malignancies, particularly T - cell acute lymphoblas-
tic leukemia, a clonal malignancy of hematopoetic precursors, 
occur in LCH patients at a much higher than expected rate, giving 
further support for an underlying genetic abnormality in LCH 
cells  [10] . Overall it appears that around 1% of children with 
LCH have an affected relative, and familial occurrence is not 
limited to the same generation  [13] .  

  Incidence,  a ge, and  g ender 
 LCH can present at any age from the neonatal period until old 
age, with approximately 50 – 70% of cases being less than 15 years 
old. A recent Swedish study found an increased incidence in 
children of 8.9 per 10 6 /y  [14] . The increase was seen in MS and 
single site (SS) disease, suggesting that this was not solely due to 
improved recognition. These fi gures likely still underestimate the 
problem, as many patients with localized LCH are likely to go 

  Table 11.1    Classifi cation of histiocytic disorder.  Adapted from  [1] .  

  Disorders of varying biologic behavior  
  (a) Dendritic - cell related  
  Langerhans cell histiocytosis  
  Juvenile xanthogranulona and related disorders including:  

      •      Erdheim Chester disease  
   •      Solitary histiocytomas with JXG phenotype     

  Secondary dendritic cell disorders  
  (b) Macrophage - related  
  Hemophagocytic lymphohistiocytosis:  

      •      Familial  
   •      Secondary hemophagocytic syndromes     

  Sinus Histiocytosis with Massive Lymphadenopathy (Rosai - Dorfman disease  

  Malignant disorders  
  (a) Monocyte related  
  Leukemias:  

      •      Monocytic leukemias M5A and B  
   •      Acute myelomonocytic leukemia M4  
   •      Chronic myelomonocytic leukemias     

  Extramedullary monocytic tumors or sarcoma (monocytic counterpart of 
granulocytic sarcoma)  

  Macrophage - related - histiocytic sarcoma (localized or disseminated)  
  (b) Dendritic - cell - related  
  Histiocytic sarcoma (localized or disseminated)  



Chapter 11 Histiocytic Disorders

151

in the long bones  [26, 28] .(Figure  11.2 ). With healing there is 
disappearance of the mass with development of a well -  defi ned 
sclerotic rim. CT and MRI scans are useful in delineating uncer-
tain lesions and the extent of soft tissue involvement but neither 
is useful in distinguishing LCH from malignancy in radiologically 
aggressive lesions  [29] . The diagnosis should be proven by biopsy 
where possible. 18 - FDG positive emission tomography (PET) is 
a sensitive technique for identifying active lesions and may dif-
ferentiate active from healed lesions  [30]  and may prove helpful 
in follow up.    

  Natural  h istory and  t herapy of  b one  L angerhans 
 c ell  h istiocytosis 
 Spontaneous healing of bone lesions is well known and healing 
at one site at the same time as, or followed by, progression in 
another is not uncommon. 

 In SS bone LCH, survival is almost universal but reactivations 
occur at a rate of: 
   •      Unifocal  b one  –    3 – 12%  
   •      Multifocal  b one  –    11 – 25%  
   •      Bone in MS disease  –    50 – 70%  [16, 31] .    

 The greater the reactivation rate, the higher the incidence of 
diabetes insipidus (DI) and other late complications. 

  ‘ Risk ’  bones are those which give the highest risk of DI and 
include the facial bones and base of skull, particularly if associated 
with an intracranial soft tissue mass  [32, 33] . 

 Bone lesions are treated for two reasons: 
   •      To treat symptoms such as pain or neurologic complications.  
   •      To try to prevent reactivations and late effects.    
 Recommendations for therapy, therefore, vary for UFB compared 
with MFB and for  ‘ risk ’  bone LCH compared with  ‘ non - risk ’  
bone LCH. 
 Patients who require therapy include those with: 
   •      Intense pain.  

 Additional symptoms depend on the area involved: 
   •      Jaw LCH  –    jaw pain and loose teeth.  
   •      Temporal bone LCH  –    chronic otitis media, with dermatitis of 
the auricular canal, mastoiditis and cholesteatoma  –  often in 
children less than 3 years of age  [20, 21] . Radiologic changes may 
be out of proportion to clinical fi ndings  [22] .  
   •      Orbital LCH  –    proptosis, swelling and redness of eyelid, diplo-
pia and/or ophthalmoplegia.  
   •      Lower extremity lesions  –    limp or fracture.  
   •      Vertebral body LCH  –    back pain and/or kyphoscoliosis or neu-
rologic dysfunction including paraplegia.    
 LCH is the commonest cause of vertebra plana in children  [23] . 
Other causes include osteomyelitis, infantile myofi bromatosis 
 [24] , juvenile xanthogranuloma, aneurysmal bone cyst, osteogen-
esis inperfecta, leukemia, lymphoma, and malignant sarcomas 
 [25] . 

 Most patients with SS bone disease are afebrile, but fever 
should not exclude the diagnosis. Blood counts may show 
mild eosinophilia, but are otherwise normal, and the erythro-
cyte sedimentation rate (ESR) is often mildly elevated. 

 Because of the different outlook and therapy of UFB compared 
with MFB, every patient should have a complete work up at 
diagnosis, irrespective of presentation. 

  Radiologic  i nvestigation of  b one  L angerhans  c ell  h istiocytosis 
 Plain radiographs (skeletal survey) remains the fi rst - line inves-
tigation and are more sensitive than Technetium - 99 nuclear 
medicine scans for detection of LCH  [26, 27]  but both are 
recommended. Radiologic characteristics vary with site of 
involvement. The classic osteolytic lesion has sharply demarcated 
margins and little or no periosteal reaction (Figure  11.1 ) and may 
be associated with a soft tissue mass. Radiologically aggressive 
lesions resembling a malignant tumor may be seen particularly 
in the orbits, mastoid or other areas of the base of skull or even 

     Figure 11.1     X - ray skull showing the typical punched out lesion of Langerhans 
cell histiocytosis.  

     Figure 11.2     Computed tomography scan of an orbital Langerhans cell 
histiocytosis lesion showing the  ‘ sarcomatous ’  appearance that may be found 
particularly in facial bones.  
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 LCH should be considered whenever seborrheic dermatitis or 
diaper dermatitis fails to respond to therapy or keeps recurring. 
The natural history is variable and patients with skin - only LCH 
may have: 
   •      Spontaneous regression  
   •      Regression and reactivation in skin.  
   •      Progression, particularly in the infant, to disseminated and 
sometimes fatal disease.    

 Hashimoto and Pritzker  [44]  described a particular form of 
skin - LCH with spontaneous involution in all cases. The self -
 limited nature of the disease may be explained by the fi nding that 
the DCs are able to mature, eventually leading to their apoptosis. 
While a small percentage of babies with skin - only LCH fi t this 
description, half of all babies with true skin - only LCH will 
progress to multisystem disease  [45] . 

 All young babies with skin - only LCH should be carefully fol-
lowed    [46, 47]  .

  Therapy of  c utaneous  L angerhans  c ell  h istiocytosis 
 In view of the natural history and good prognosis of skin - only 
LCH, therapy should be restricted to severely symptomatic 
disease: 
   •      Surgical excision  –    for small isolated lesions only, with no muti-
lating surgery.  
   •      Local or systemic corticosteroids  –    fi rst line therapy, but the 
effect is usually transient.  
   •      Psoralen with ultraviolet therapy (PUVA)  [48, 49] .  
   •      Topical nitrogen mustard  [50, 51] . Despite the fi nding of no 
premalignant or malignant changes in the Mustine - treated skin 
of 20 children with median follow - up of 8.3 years  [51] , concerns 
with regard to late skin cancer persist.  
   •      Topical tacrolimus (anecdotal reports). Like other topical 
therapy, the treatment may need to be repeated at intervals until 
the disease burns itself out. If a large surface area is treated, sys-
temic tacrolimus levels should be followed.  
   •      Thalidomide and interferon -  α   –    experience tends to be limited 
to skin - LCH in adults [52, 53] .  
   •      Chlorambucil, prolonged, oral  –    reported in adults (Chu A).  
   •      Etoposide, prolonged, oral, low dose  [54] .  
   •      Multidrug chemotherapy  –    usually effective in skin - LCH  –  use 
usually limited to widespread symptomatic disease or skin as part 
of MS - LCH. This includes standard LCH chemotherapy as well 
as 2 - CdA which is a good alternative for extensive skin disease.      

  Natural  h istory and  t herapy of  m ultisystem  L angerhans 
 c ell  h istiocytosis 
 The clinical presentation depends on the organs involved: 
   •      Limited MS - LCH usually refers to involvement of bone and/or 
skin and/or hypothalamo - pituitary axis of which DI is commonly 
the fi rst manifestation.  
   •      Disseminated MS - LCH usually occurring in children younger 
than 2 years of age. Almost all organs can be involved although 
kidney and gonadal disease is unusual.  

   •      Restriction of mobility.  
   •      Unacceptable deformity.  
   •      Involvement of a growth plate.  
   •      Involvement of a bone likely to fracture  [34] .    

 Treatment for bone LCH includes: 
   •      Curettage to induce healing and provide tissue for diagnosis. 
This is often the only therapy required for UFB lesions at 
presentation.  
   •      Intralesional corticosteroid under radiographic control. This is 
given only for a limited number of lesions and is effective and 
usually safe  [34] . Around 10% require a repeat injection to 
achieve healing  [35] . If a frozen section diagnosis is obtained, it 
can be given at the time of curettage or if there is local recurrence 
at the site of curettage (minority of patients).  
   •      Surgery. Wide surgical resection is unnecessary, may lead to 
long term deformity, and is  contraindicated at any site .  
   •      Observation alone is limited to UFB in patients with a patho-
logic diagnosis.    

 UFB in  ‘ risk ’  areas, particularly with a large intracranial soft 
tissue component, may require therapy to try to prevent progres-
sion to DI and other late effects. 

 Patients presenting with vertebra plana without a soft tissue 
mass or neurologic symptoms, can be observed without a fi rm 
diagnosis, but should be carefully followed. 
   •      Low dose radiation therapy (6 – 10   Gy) is an effective therapeutic 
modality but is usually restricted to involvement of critical organs 
such as spinal cord or optic nerve  [36] . At the suggested dose, 
long - term effects are unlikely and it is preferable to mutilating 
surgery.  
   •      Indomethacin, a potent prostaglandin - E2 inhibitor, and other 
non - steroidal anti - infl ammatory drugs (NSAIDS) have proved 
effi caceous  [37, 38] .  
   •      Bisphosphonate therapy  [39 – 41] . Toxicity has been tolerable in 
most patients treated. The role of NSAIDS and bisphosphonates 
in preventing reactivations and late complications, however, is 
unclear and the long - term effects of bisphosphonates on growing 
bone, is unknown.  
   •      Chemotherapy  –  MFB or bone LCH in MS disease. The com-
monest combination is vinblastine and steroid, although many 
drugs are effective. Chemotherapy is discussed in detail later      

  Natural  h istory and  t herapy of  s kin  L angerhans 
 c ell  h istiocytosis 
 Skin involvement in LCH occurs in 50% of patients and can occur 
at any age  [42] . Isolated skin disease (skin - only LCH) is seen in 
10% of cases, usually in the very young child, but does occur 
occasionally in older patients and adults  [42, 43] . In MS LCH, 
skin - LCH may occur as part of limited disease together with bone 
and/or DI, or may be part of generalized disease. The commonest 
area involved is scalp followed by fl exural creases, but any site 
may be involved including palms, soles, and nails. The common-
est presentation is with a  ‘ seborrhea - like ’  eruption on the scalp 
often misdiagnosed as  ‘ cradle - cap ’ , but papules, vesicles, crusted 
plaques, nodules, and purpuric nodules are all described  [42] . 
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important  ‘ risk ’  factor and may be associated with secondary 
hemophagocytic syndrome (HLH) which requires therapy 
directed at the HLH component. Mortality is high if the patient 
does not respond quickly to therapy and salvage therapy with 
allogeneic transplant should be considered early in these young 
patients  

  Gastrointestinal  t ract 
 The commonest sign of GI disease is  ‘ failure to thrive ’  due to 
malabsorption. Other symptoms include vomiting, diarrhea with 
or without blood, and protein - losing enteropathy. In most cases 
there is radiographic evidence of alternating dilated and stenotic 
segments in the small and large bowel. Endoscopic biopsy is 
needed for diagnosis. Several groups have suggested that GI 
involvement is a poor risk feature in MS LCH  [12, 57] .  

  Central  n ervous  s ystem ( CNS )/ e ndocrine 
 There is a well - described predilection of LCH for the hypotha-
lamic – pituitary axis (HPA) and diabetes insipidus (DI) is the 
commonest manifestation of endocrine LCH. DI can occur prior 
to, concurrent with, or subsequent to the diagnosis of LCH  [58] , 
with the greatest risk being in patients with MS disease and those 
with lesions involving the facial bones and skull base  [33] . 
Gadolinium - enhanced MRI scans demonstrate loss of the poste-
rior pituitary  ‘ bright spot ’ , thickening of the pituitary stalk, a 
partial or completely empty sella, and sometimes a suprasellar 
mass  [33, 58] , but thread - like atrophy of the stalk may be seen. 
Differential diagnosis includes germinoma, hypophysitis and 
even lymphoma. 

 Anterior pituitary defi cits are common complications of LCH 
 [59]  occurring usually in patients with preceding DI  [60] . Growth 
hormone (GH) defi ciency usually occurs fi rst although growth 
failure in children with LCH is multifactorial with chronic illness, 
malabsorption and prolonged corticosteroid treatment  [20] . 
Other HPA abnormalities include precocious or delayed puberty, 
amenorrhea in adult females, hyperprolactinemia, morbid obesity 
 [60] , sleeping disorders and disorders of thermoregulation  [61] . 
Thyroid defi ciency may occur as a result of TSH defi ciency or 
thyroid gland infi ltration  [61 – 63] .  

  Central  n ervous  s ystem – Non - Endocrine 
 The availability of MRI has revealed an increasing incidence of 
disease in other parts of the brain, notable even before clinical 
symptoms develop  [33] , usually occurring in patients with pre-
ceding DI. These include extraparenchymal lesions derived from 
meninges, choroid plexus or pineal gland, which may give focal 
neurologic symptoms and signs. Biopsy of these areas and the 
hypothalamo - pituitary lesions show active LCH, but CNS disease 
may progress to a chronic neurodegenerative stage in which only 
demyelination and gliosis is found, thought to be due to an 
autoimmune reaction to preceding LCH  [33] . This end - stage 
disease is observed in about 3 – 5% of patients with LCH, but may 
occur in 10% or more of patients with DI. Areas affected are 
mainly cerebellum, pons, basal ganglia or cerebral grey or white 

  The presentation is therefore with any or all of the following, 
fever, wasting, hepatosplenomegaly, abdominal distention, 
diarrhea, failure to thrive, lymphadenopathy, pancytopenia, 
edema, tachypnea, and respiratory distress. Skin and bone 
involvement are common in MS disease, and the manifestations 
described above in the relevant sections are also part of the clini-
cal presentation of MS - LCH.    

  Liver and  s pleen. 
 Hepatosplenomegaly may indicate the presence of organ involve-
ment by LCH, obstructive disease caused by enlarged nodes in 
the porta hepatis or indirectly from a cytokine effect  [54] . Liver 
involvement is present in about one - third of patients and is con-
sidered to be a poor prognostic sign  [55] . Documentation of liver 
dysfunction requires hypoalbuminemia, jaundice, or abnormal 
coagulation tests. Progression of cholestasis to sclerosing cholan-
gitis, biliary cirrhosis, and liver failure may occur (see discussion 
later). Enlargement of the spleen may be an additional factor 
responsible for pancytopenia.  

  Lung 
 Pulmonary LCH (PLCH) predominantly affects young adults 
between 20 and 40 years of age and is seen almost exclusively in 
smokers who smoke more than 20 cigarettes per day. Ten to 20% 
progress to end - stage lung disease requiring lung transplant for 
cure  [17] . Children with LCH who start smoking in adolescence 
or young adulthood have an increased incidence of PLCH com-
pared with the normal population  [56] . Symptoms may be minor 
or absent and dry cough, dyspnea or tachypnea with rib retrac-
tion may be the only clinical features. In the early stages the 
diagnosis is suggested by a diffuse micronodular pattern on chest 
radiographs which may progress to cyst formation and a  ‘ honey-
comb lung ’ . A characteristic CT appearance may be pathogno-
monic for LCH obviating the need for biopsy, and a high 
resolution CT is considered mandatory if PLCH is suspected. In 
later stages, large bullae may rupture causing spontaneous pneu-
mothoraces. Emphysematous changes, along with increasing 
amounts of interstitial fi brosis, may occur in the fi nal phase of 
PLCH. It has been suggested that more than 5% CD1a+ cells in 
bronchoalveolar fl uid, where normally there should be  < 1% 
CD1a+ cells, is diagnostic of PLCH. Using the 5% cut off, the 
specifi city is good but sensitivity is low  [17]  and lung biopsy is 
considered to be the gold standard for diagnosis and evaluation 
of disease activity in patients with radiologic fi ndings suggestive 
of chronic disease. In children, PLCH is usually part of MS LCH 
and chemotherapy is the mainstay of treatment for active disease.  

  Hematopoetic  s ystem 
 Pancytopenia is a frequent manifestation of disseminated 
MS - LCH despite relative infrequency of morphologic infi ltration 
of bone marrow, suggesting an effect of inhibitory cytokines on 
the marrow. In the LCH - I study 18% of MS patients had docu-
mented marrow infi ltration but 36% had blood count abnormali-
ties  [20, 36] . Hematopoetic involvement is considered to be an 
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  Therapy of  m ultisystem  L angerhans  c ell  h istiocytosis 
 Treatment of MS - LCH has dual aims: 
   •      To improve survival.  
   •      To prevent reactivations and late sequelae of the disease or 
therapy.    
 Most patients have been treated with systemic chemotherapeutic 
agents because of the progressive nature of generalized LCH. 
Results of the large non - randomized German/Austrian coopera-
tive group DAL - HX studies, appears to support this approach. 
All patients with extensive disease were treated using vinblastine/
prednisone/VP16 induction for 6 weeks, followed by mainte-
nance with the same drugs plus 6 - mercaptopurine (6 - MP) for 
low risk patients, and 6 - MP/MTX for those with organ dysfunc-
tion. Treatment duration was 12 months. Complete remission 
(CR) was obtained within 4 months in 89 – 91% of patients 
without organ involvement, and 67% of patients with organ 
involvement. Altogether 77% of patients have remained disease -
 free. No etoposide - induced second malignancies have been 
observed  [70] . The rate of reactivation was low compared with 
previously reported studies as was the incidence of development 
of DI (estimated cumulative risk of 10% in patients without DI 
at presentation), suggesting that early therapy with relatively non -
 toxic chemotherapy could reduce the incidence of late complica-
tions. An important advance came with the creation of the 
Histiocyte Society and the instigation of international studies 
such as LCH - 1, LCH - II and the open LCH - III study. 

 A different and conservative approach was suggested by 
McLelland who reported 44 children with extensive disease of 
whom 36 required systemic therapy. Of the 36, 17 responded to 
prednisolone alone, and 19 required the addition of vinblastine 
or etoposide. Overall survival was equivalent at 82%, but 60% 
of survivors had late effects and 36% developed DI  [71] , sup-
porting the use of early chemotherapy for MS - LCH. The obser-
vation that the strongest predictor of survival was the early 
response to chemotherapy in the DAL - HX studies, the French 
study group trials as well as the LCH - 1 and LCH - II studies also 
supports early chemotherapy in such patients  [62, 72] . 
Comparison of the DAL - HX study and LCH - I and II studies, 
showed that the mortality for high risk patients with dissemi-
nated disease has not changed over the three studies. About 20% 
of young children with MS LCH did not respond to chemo-
therapy and most of the patients died. A recent study from the 
Japanese LCH study group (JLSG) suggests that the mortality 
from MS LCH can be reduced by increasing the early response 
rate using more intensive induction therapy and by prompt 
rescue of poor responders  [73] . A pilot study from the French 
group suggests also that early switch to an effective salvage pro-
tocol will improve survival for the patients with refractory disease 
 [74] (see salvage therapy below). 

 For patients that respond to initial therapy, the problem is that 
of reactivation of disease and long - term consequences, rather 
than of survival. Both LCH - I and the succeeding LCH - II trial, 
showed that most reactivations in responding patients were in 
non - risk organs such as skin or bone, and were rarely fatal  [70] . 

matter. Clinical fi ndings, including ataxia, dysarthia, nystagmus, 
tremor, dysdiadochokinesia, dysphagia, psychomotor retarda-
tion, and neuropsychologic problems, may develop years after the 
original diagnosis of LCH and may progress to produce severe 
disability and even death  [33] . It is unclear whether all of the 
asymptomatic patients with abnormal MRI scans will progress to 
symptomatic neurodegenerative disease. 

 Like the late chronic disease in lung or liver described later, 
there is no known effective therapy for patients with neurodegen-
erative disease. At present, only DI with structural changes in the 
HPA, heralds involvement of other parts of the brain  [33, 61] . 
Prevention of onset of DI is therefore likely to be very important. 
Attempts to detect partial DI before it becomes established have 
been largely unsuccessful.   

  Therapy of  d iabetes  i nsipidus 
 Because of the signifi cant neurologic consequences that appear 
to follow DI, and because of a few reports of reversibility of 
DI by early therapy  [64] , the current recommendation is to 
treat patients with recent onset of DI to try to prevent the 
uncommon but devastating late CNS disease  [65] . Most DI will 
not reverse on therapy. The optimal therapy for recent - onset DI 
is unclear. Radiation therapy may be effective if given early 
before full ADH defi ciency occurs, but there is no evidence that 
 ‘ late ’  disease will respond to therapy  [66]  and the potential for 
late effects means that RT should be restricted to non - responsive 
growing masses. Standard LCH chemotherapy with vinblastine 
and prednisone will be effective for this extra - axial disease and 
it is unclear whether a drug such as cladribine (2 - CdA), which 
crosses the blood – brain barrier (BBB), will be more effective in 
preventing progression from DI to other CNS/endocrine 
manifestations.  

  Therapy of  c entral  n ervous  s ystem  d isease 
  Tumoral  c entral  n ervous  s ystem  L angerhans  c ell 
 h istiocytosis  l esions 
 As these, like DI, have been shown pathologically to be due to 
active LCH, drugs that cross the BBB should be used for therapy. 
Cladribine (2 - CdA) has been shown to be effective against active 
CNS LCH  [64, 67, 68] . Other drugs which cross the BBB and have 
activity in LCH are cytosine arabinoside and methotrexate. As 
above, radiation therapy should be limited to non - responsive 
disease.  

  Late  n eurodegenerative  d isease 
 No therapy has to date been shown conclusively to affect the 
course of the neurodegeneration phase of CNS LCH. It has been 
suggested, but not proven, that multiple sclerosis type therapy 
with drugs such as tacrolimus may be effective (N. Grois, per-
sonal communication) and a low dose ara - C regimen appears to 
slow or stop progression and possibly to induce regression in a 
small number of patients  [69] , as has a regimen with cis - retinoic 
acid (J. Donadieu, personal communication). All these approaches 
need to be properly tested.   
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and prednisolone [11]  and even indomethacin  [38] , can success-
fully treat the acute reactivation, but do not appear to effectively 
prevent further reactivations. It has been suggested that low dose 
prolonged therapy for this low grade chronic form of the disease 
may be what is required. This can be achieved with the addition 
of a maintenance regimen of oral 6 - MP daily and oral methotrex-
ate weekly for 24 months to one of the induction regimens or 
possibly even the addition of prolonged indomethacin therapy. 
These hypotheses remain to be proven in prospective trials.  

  Late  c hronic  L angerhans  c ell  h istiocytosis 
 Late progressive chronic LCH is seen in liver, lung (and CNS as 
described above), and appears to be due to late fi brosis (or 
gliosis). The initial lesions appear to be active LCH but at the late 
stage few LCH cells are found and it is felt that pro - and anti -
 infl ammatory cytokines particularly TGF -  β   [79]  play an impor-
tant role in the development of this fi brosis  [41, 80] . 
   •      Late chronic liver disease presents as sclerosing cholangitis (SC) 
and biliary cirrhosis progressing to liver failure. Patients may 
present with SC at diagnosis, or following active liver involve-
ment as part of MS - LCH  [81, 82] .  
   •      Late chronic lung fi brosis surrounds cystic spaces giving the 
classic honeycomb lung. Progression to pulmonary fi brosis and 
respiratory failure may result in death  [17] . Clinically and radio-
logically, it is diffi cult to discriminate active LCH from end - stage 
fi brosis  [83] .     

  Therapy of  c hronic  d isease 
 In the early stages, therapy may control active LCH and stop 
progression of disease, but in the later stages no effective systemic 
therapy is known. Ursodeoxycholic acid may slow progress of 
liver fi brosis  [84]  but organ transplantation is the only proven 
effective therapy for end - stage lung and liver disease, and the 
results appear to be durable. A recent review of pediatric LCH 
patients transplanted for liver failure found that 78% of children 
were alive  [85]  and only two recurrences have been reported in 
the transplanted liver  [86] . Similarly fi ve of seven adult patients 
receiving a lung transplant for LCH are alive and well from 15 to 
90 months post - transplant, and the two that recurred did so after 
resuming smoking  [87] . An increased incidence of EBV - induced 
PTLD after liver transplant was found in one series and an 
increased incidence in severity and frequency of rejection in 
several series  [88, 89] .   

  Late  e ffects of  L angerhans  c ell  h istiocytosis 
 Results of the late effects study of the Histiocyte Society suggest 
that with a minimum of 3 years of follow up, at least 71% of MS 
and 24% of SS patients have at least one permanent consequence 
(PC)  [90] . The most commonly reported PCs are: 
   •      DI (24% overall and 40% of MS patients).  
   •      Orthopedic problems (20% ).  
   •      Hearing loss (13%).  
   •      Neurologic consequences (11%).  
   •      Growth retardation (9%).    

However, permanent disease - related disabilities occurred in 
more than 40% of patients. 

 Combining the results of the large multinational trials, there-
fore, allows the design of risk - tailored therapy. Patients with 
extensive disease, but without involvement of the risk organs 
(liver, spleen, lung, and hematopoetic system) have an excellent 
survival with minimal therapy. For this group, therapy should be 
given to prevent DI and other late complications. Whether this 
is best done by prolonged low - toxicity therapy as suggested by 
the DAL studies, or by using drugs such as 2 - Cda which penetrate 
well into brain, or both, should be investigated. 

 Patients with extensive disease with risk organ involvement 
should be evaluated after induction therapy. Evaluation of 
response at 6 and 12 weeks, allows allocation to a group of 
 ‘ responders ’  or  ‘ non - responders ’ . The very high - risk group of 
non - responders (22% of  ‘ risk ’  patients on LCH - II), should be 
moved early to a salvage protocol (see below), the aim of which 
is to improve survival. In this setting, toxicity and late - effects 
become secondary considerations.  

  Salvage  t herapies 
 The three groups of patients requiring salvage therapy are those 
with refractory MS disease, those with chronically relapsing 
disease associated with good survival but signifi cant long - term 
complications, and patients with the late progressive involvement 
of liver, lung, and CNS 

 Salvage therapy for refractory MS disease includes chemother-
apy, immunomodulatory approaches, and stem cell transplanta-
tion. A number of chemotherapy drugs and combinations have 
been tried in patients refractory to fi rst line protocols. Cladribine 
(2 - CdA), a nucleoside analog initially shown to be effective in 
adults with resistant LCH  [75] , proved to be effective in less than 
a third of refractory high - risk patients in a recently completed 
Histiocyte Society study  [76] .  In vitro  and  in vivo , the combina-
tion of 2 - CdA and cytosine - arabinoside (ara - C) results in higher 
intracellular concentrations of the active metabolite ara - CTP 
 [77] . A recent small series of 10 patients with progressive MS 
LCH, show encouraging results with 2 - CdA/ara - C  [74]  and this 
combination is being tested in an open Histiocyte Society study. 

 A number of successful stem cell transplants (SCT) have been 
reported in refractory LCH patients. A review of the literature 
found 35 patients transplanted for refractory LCH  [78] . A 
summary of 27 documented cases shows that 15/27(56%) were 
alive in complete continuous remission (CCR) from 12+ to 144+ 
(median 25+) months. The question of positive reporting bias 
remains but it seems that allogeneic, but not autologous trans-
plant, is potentially curative in poor risk patients. The major 
cause of death is transplant - related toxicity and another Histiocyte 
Society study will evaluate reduced intensity SCT for patients 
refractory to salvage therapy. 

  Therapy of  c hronically  r eactivating  d isease 
 A number of drugs and drug combinations including vinblastine/
prednisone, 2 - CdA, a combination of low dose ara - C, vincristine, 
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Chediak - Higashi, Griscelli type - 2, and Hermansky - Pudlak type 
2, the latter three having oculo - cutaneous albinism as part of their 
clinical picture.    
 All these conditions have in common genetic defects that lead to 
dysfunction of the perforin/granzyme cytolytic pathway resulting 
in infi ltration of organs by activated lymphocytes and macro-
phages and excess production of proinfl ammatory cytokines 
which together produce the clinical picture of HLH  [96 – 98] . 
Failure of traffi cking of melanosomes, as well as cytotoxic gran-
ules, explains the association of immune dysfunction (HLH) and 
albinism in the three syndromes mentioned above. 

 The estimated incidence of FHLH is 1/50   000 live births, but this 
fi gure will almost certainly increase as more genetic defects are 
discovered. The male to female ratio is 1   :   1. The majority of 
patients present before the age of 1 year. However, with the descrip-
tion of the gene mutations, it has become obvious that some FHLH 
may present at a much older age than previously suspected. 

 Congenital hemochromatosis may have a very similar clinical 
picture to FHLH including massive hyperferritinemia, and the 
two conditions, requiring very different therapy, may be diffi cult 
to distinguish without a liver biopsy. 

 Secondary HLH occurs as a result of macrophage activation by 
a known stimulus which can be infectious, malignant, autoim-
mune, metabolic diseases, or the hyperlipidemia of total parenteral 
nutrition  [99] . The commonest of the infection associated hemo-
phagocytic syndrome (IAHS) is viral  - associated(VAHS) due to 
Epstein - Barr virus (EBV) and other herpes viruses, but bacterial 
and other infectious causes are also described. At least in children, 
EBV - HLH appears to occur at a young age with more than 50% 
being less than 3 years old  [99] . EBV and other infections may 
also trigger the familial form of the disease  [100] .  

  Clinical  p resentation and  d iagnosis 
 HLH usually presents with: 
   •      fever which may be prolonged  
   •      hepatosplenomegaly  
   •      bi -  or tri - lineage cytopenia  
   •      lymphadenopathy  
   •      neurologic symptoms (may be present)  
   •      skin rash, jaundice and edema (may occur).    

 Common laboratory fi ndings include: 
   •      hypertriglyceridemia, hyper -  or hypocholesterolemia  
   •      hypofi brinogenemia  
   •      liver dysfunction including increased conjugated bilirubin 
(histiocytes have tropism for biliary tracts)  
   •      hyperferritinemia which may reach extremely high levels  
   •      increased soluble CD25 levels  
   •      CSF pleocytosis  [101] .    
 Low NK cell activity is commonly found and persistence of 
this fi nding may suggest FHLH. Up to 20% of FHLH patients may 
have normal NK function, however, and normal function 
cannot be used to exclude HLH or a carrier status  [102] . Activation 
of the coagulation and fi brinolytic pathways with resultant hem-
orrhagic diathesis and high levels of D - dimers may occur. 

 Other late effects include thyroid, gonadotrophin, and cortico-
trophin defi ciencies as well as other manifestations of the hypoth-
alamic syndrome such as behavioral problems, abnormalities in 
temperature control, and morbid obesity. 

 LCH occurs in association with various malignancies at a 
higher frequency than would be expected by chance. The LCH -
 malignancy registry of the Histiocyte Society had 157 cases 
reported at the last update with solid tumors followed by acute 
myeloblastic leukemia (AML) being most commonly reported in 
the children  [90] . Some of the associated malignancies arising 
after the LCH, appear to be therapy - related. Secondary AML may 
occur 3 – 8 years after long - standing chemotherapy for LCH, and 
solid tumors are sometimes seen within the radiation fi eld of 
patients who received radiation therapy for their LCH, a practice 
that is signifi cantly less common today. By contrast, LCH and 
acute lymphoblastic leukemia (ALL), particularly T - cell ALL, are 
frequently diagnosed close together, with the T - cell ALL as the 
primary diagnosis, or both diagnoses are made at the same time. 
This suggests a genetic defect as a causative factor in this associa-
tion  [10] .   

 The late neurological problems may manifest many years after 
diagnosis, with a cumulative risk at 14 years of 20.4% in Haupt ’ s 
study, confi rming the fi ndings of two large single institution 
studies which found incidences of PCs, particularly in MS patients, 
of 71 and 100% respectively, after longer follow up  [91, 92] . From 
the point of view of therapeutic decision - making, most of 
the serious PC such as endocrine and CNS, occur in patients with 
MS disease and with lesions involving the facial bones and base 
of skull. Particular attention needs to be paid to these patients.    

  Hemophagocytic  l ymphohistiocytosis ( HLH ) 

 HLH is a life - threatening hyperinfl ammatory disorder resulting 
in infi ltration of macrophages and activated T - cells into several 
organs, accompanied by signifi cant hemophagocytosis. Without 
treatment, the uncontrolled infl ammatory response may lead to 
death from multiorgan failure, cerebral dysfunction, or pro-
longed neutropenia and associated bacterial or fungal infection 

  Pathogenesis 
 HLH is subdivided into primary and secondary forms with the 
majority of cases being due to secondary (acquired) disease, and 
an important minority due to familial (hereditary) HLH (FHLH). 
FHLH is a genetically heterogenous, autosomal recessive disor-
der, with mutations described in: 
   •      The perforin gene (FHLH - 2)  
   •      The hMunc 13.4 gene (FHLH - 3)  
   •      Syntaxin  - 11 (FHLH - 4).  
   •      hMunc 18.2 (FHLH - 5)  [93, 94] .  
   •      Unknown genetic cause. Except in the Turkish population, at 
least 50% of FHLH is due to as yet unknown mutations [95] .  
   •      HLH is also a predominant feature of a number of genetic 
syndromes such as the X - linked lymphoproliferative syndrome, 
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promptly. However, even when an underlying condition is 
obvious at onset, specifi c therapy of the hemophagocytic compo-
nent may be necessary to prevent a fatal outcome. For high - risk 
patients, a combination of etoposide, high dose corticosteroids 
and cyclosporin - A (CSA) with intrathecal therapy, form the basis 
of the most commonly used front - line protocol HLH - 2004, an 
open study protocol of the Histiocyte Society  [100, 101] . CSA has 
been shown to down - modulate the cytokine storm and appears 
to be an essential drug in high risk HLH with improved results if 
given early, particularly in neutropenic patients  [98] . Despite 
concern about secondary leukemia, etoposide too has been shown 
to be an important drug in high - risk patients. Etoposide sup-
presses EBV nuclear antigen synthesis  [104]  and therapy of EBV -
 HLH should include early use of etoposide in children  [98]  and 
adults  [100] . Therapy is given for 4 – 8 weeks except for FHLH 
patients and those with refractory disease. Intensive supportive 
care is required for these ill patients. 

 Experience has shown that patients failing to respond to a 
standard combination of dexamethasone and etoposide may 
respond to higher doses of the two drugs, as well as earlier use of 
CSA. If a patient fails to respond to adequate doses of standard 
therapy, salvage therapy with the anti - TNF antibody infl iximab 
has been suggested  [105] . Other salvage drugs include campath 
or antithrombin 3  [100] . A successful French protocol uses CSA, 
dexamethasone and anti - thymocyte globulin (ATG) in place of 
the etoposide  [106] , but ATG has not proved to be successful in 
non - responders to HLH - 2004 therapy  [107] . 

  Stem  c ell  t ransplant for  h emophagocytic 
 l ymphohistiocytosis 
 It has become clear that despite initial response to therapy, all 
patients with FHLH will eventually relapse without an allogeneic 
stem cell transplant (SCT). SCT is therefore indicated for FHLH 
and XLP, but may also be necessary in refractory secondary 
HLH{94   287/id}. Experience with the HLH - 94 protocol has 
shown that SCT results are better in patients who respond to 
initial therapy, and that SCT may be successful irrespective of the 
donor type [95] . Utilizing these principles, survival has improved 
from a 1 year survival close to 0% in 1983 to an estimated 3 - year 
probability of survival of 55% at present  [95]  (Box  11.1 ).      

  Conclusion 

 Despite signifi cant gains in knowledge with regard to the biology 
of histiocytes, as well as the dramatic improvement in survival in 
patients with HLH, much remains to be learnt. The high inci-
dence of signifi cant late effects found in patients with MS - LCH 
and those with chronically reactivating disease, has successfully 
demolished any tendency to complacency amongst treating phy-
sicians. Much work remains to be done and only international 
cooperation in clinical trials is likely to lead to the improvements 
required in the outcome of these patients.  

 Histopathologic fi ndings: 
   •      Accumulation of lymphocytes and macrophages.  
   •      Hemophagocytosis may be seen especially in spleen, enlarged 
lymph nodes, bone marrow, and liver.    
 However, failure to fi nd hemophagocytosis pathologically, par-
ticularly early in the disease, does not exclude HLH, nor does its 
presence make the diagnosis unless accompanied by other fea-
tures. Hemophagocytosis is an epiphenomenon  [54]  and is 
neither sensitive nor specifi c for HLH! 

 The HLH study group of the Histiocyte Society have suggested 
revised diagnostic criteria for HLH (Table  11.2 )  [101] .    

  Therapy 
 Diagnosis of HLH is often delayed and therapy compromised by 
failure to consider the syndrome. Once the diagnosis is made, a 
search for an underlying disease as well as evaluation of risk 
factors are critical. 

 Low - risk patients generally are older than 2 years of age with 
a negative family history, lack of severe neutropenia, no or mild 
disseminated intravascular coagulation (DIC), no CNS disease, 
absence of EBV and underlying malignancy, and a good response 
to initial therapy. In this group, therapy of underlying disease and 
prompt management of cytokine - induced symptoms by corticos-
teroids and intravenous immunoglobulin (IVIG) may be all that 
is necessary, but failure of response should result in early addition 
of other drugs. 

 For high - risk patients, which includes those with FHLH and 
severe secondary HLH, including most cases of EBV - HLH  [99, 
103] , appropriate anti - HLH therapy and intensive supportive 
care should be started early, while the etiology is sought. If an 
underlying condition is found, specifi c therapy should be started 

  Table 11.2    Diagnostic guidelines for hemophagocytic lymphohistocytosis ( HLH ).  
 Adapted from  [101]     . 

     (1)     A molecular diagnosis consistent with HLH  

  (2)     Diagnostic criteria for HLH fulfi lled (fi ve of eight criteria below):  

   Clinical criteria   

   •      Fever  

   •      Splenomegaly    

   Laboratory criteria   

   •      Cytopenias (affecting    ≥    two of three lineages). Hemoglobin  < 90   g/l. 
Platelets  < 100    ×    10 9 /l. Neutrophils  < 1.0    ×    10 9 /l. In infants  < 4 weeks: 
hemoglobin  < 100   g/l  

   •      Hypertriglyceridemia and/or hypofi brinogenemia  

   •      Low or absent natural killer - cell activity  

   •      Ferritin    ≥    500    μ m/l  

   •      Soluble CD25    ≥    2400   U/ml    

   Histopathologic criteria   

   •      Hemophagocytosis in bone marrow or spleen or nodes      

  (3)     On occasion the diagnosis may need to be made on strong suspicion even if 
not all the criteria are fulfi lled!     
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   Introduction 

 The neuroblastic tumors include neuroblastoma, ganglioneurob-
lastoma, and ganglioneuroma. These tumors are derived from the 
sympathetic nervous system and demonstrate a vast clinical spec-
trum from benign tumors, spontaneous regression, to extremely 
malignant behaviour. The German pathologist R.L.K. Virchow 
fi rst described the histological appearance in 1864. J.H. Wright in 
1910 used the term  ‘ neuroblastoma ’ . He indicated that the migra-
tion of primitive nerve cells during embryogenesis explained the 
development of tumors of similar appearance in numerous sites 
within the body. The fi rst patients of regressing disease were 
probably described in 1901 by W. Pepper as  ‘ congenital sarcoma 
of the liver and suprarenal ’ . In 1907, R. Hutchison recorded older 
patients with  ‘ sarcoma ’  of adrenal gland and metastases to the 
skull thereby describing the fi rst patient with stage 4 disease. The 
three key features of neuroblastoma are: 
   •      The capacity to undergo regression.  
   •      The capacity to undergo maturation from undifferentiated 
neuroblastoma to ganglioneuroma mature.  
   •      A superior prognosis for babies.       

  Epidemiology 

     •      Neuroblastoma is the commonest extra - cranial solid tumor in 
children.  
   •      Accounts for 8 – 10% of childhood cancers.  
   •      Tumors arise from the sympathetic nervous tissue along the 
sympathetic chain or in other sympathetic ganglia.  
   •      Annual incidence in UK is 9/million children under the age of 
15 years  [1]  and incidence is fairly uniform throughout the devel-
oped world.  
   •      Male: female ratio 1.2   :   1.  
   •      Most common cancer of infancy.  
   •      Median age of presentation is 18 months.     

  Clinical  f eatures 

  Symptoms 
 Symptoms from neuroblastoma may be non - specifi c and mimic 
many childhood illnesses. Symptoms may be attributed to: 
   •      Site of primary tumor.  
   •      Local infi ltration.  
   •      Sites of metastatic disease.  
   •      Metabolic disturbances.    

  Sites of  p rimary  t umors and  l ocal  i nfi ltration 
     •      Primary tumor is found in the abdomen in 60% cases (adrenal 
gland 32%), thorax (14%), pelvic region (6%), cervical (2%), and 
other areas in 18% patients  [2] .  
   •      Tumors in the upper cervical and thoracic area can cause 
Horner ’ s syndrome (unilateral ptosis, miosis, enophthalmos, and 
anhydrosis).  
   •      Thoracic tumors can cause cough, dysphagia, breathless-
ness, thoracic inlet obstruction leading to superior vena caval 
syndrome.  
   •      Abdominal tumors could present with abdominal pain, dis-
comfort, fullness or rarely obstruction.  
   •      Pelvic tumor could cause mechanical bladder or bowel 
obstruction.  
   •      Some tumors have intra - spinal and extra - spinal components 
(dumb - bell tumors). Intra - spinal tumors can lead to cord com-
pression causing fl accid paralysis and urinary and bowel 
disturbances.  
   •      In 1% of patients, the primary tumor cannot be found, even 
with thorough investigations.     

  Metastatic  t umors 
     •      Common sites of metastases are lymph nodes, liver, skin, bone, 
and bone marrow. Brain involvement can be by direct extension 
of skull metastasis, but meningeal and parenchymal involvements 
are also seen. Lung metastasis is very rare  [3] .  
   •      Infants may present with rapidly enlarging liver, sometimes 
accompanied with bluish, non - tender subcutaneous skin nodules 
and bone marrow involvement. Liver involvement can cause 
abdominal distension and respiratory compromise.  
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Eroded ribs and enlargement of intervertebral foramina can be 
found in cases of intra - spinal extensions.    

  Ultrasonography 
 Most tumors appear as a heterogeneous mass that may contain 
anechoic areas due to necrosis or hemorrhage. Direct invasion of 
the liver is suggested when there is a lack of movement between 
the tumor and liver during normal respiration.  

  Computerized  t omography ( CT )  [5]  
 On CT, neuroblastoma often appears as a large, heterogeneous, 
lobulated mass that shows little or no contrast enhancement. 
Coarse, fi nely stippled, or curvilinear calcifi cations are seen in 
about 85% of tumors (Figure  12.2 ). Central, low - attenuation 
areas may be due to hemorrhage or necrosis. Encasing major 
blood vessels, including renal hilar vessels, the aorta, superior 
mesenteric artery, coeliac artery, and inferior vena cava, is a char-
acteristic feature of neuroblastoma. The ipsilateral kidney is 
usually displaced by the primary tumor, and its identifi cation 
helps in differentiation from Wilms ’  tumor. CT scan helps to 
confi rm the site, size, extension, relation to internal organs and 
important vessels. It is often diffi cult to distinguish between 
primary tumor and contiguous lymphadenopathy by any imaging 
modality. Hepatic metastasis appear hypodense on CT and 
present classically as either diffuse involvement in regressing 
disease in infants or as focal, nodular deposits in metastatic 
disease in older patients. CT is the major imaging modality pre -

   •      Symptoms due to metastases in older children include bone 
pain, frequently manifesting as a limp and irritability. Signs and 
symptoms can sometimes mimic those of leukemia, consisting of 
anemia and mucosal or skin hemorrhage due to pancytopenia 
caused by bone marrow infi ltration.  
   •      Common sites of bone metastases include orbits, jaw, skull, and 
long bones.  
   •      Metastases to orbit can produce unilateral or bilateral perior-
bital ecchymosis and proptosis (Racoon eye). This is due to retro 
bulbar and orbital infi ltration by tumor.  
   •      The pattern of metastases is changing with aggressive treatment 
strategies.     

  Paraneoplastic  s yndromes 
     •      Opsoclonus – myoclonus syndrome or dancing eye syndrome 
consists of opsoclonus (rapid multi - directional conjugate eye 
movements), a movement disorder characterized by a jerky 
(sometimes myoclonic) ataxia and behavioural change consist-
ing of irritability usually with sleep disturbance. This occurs in 
about 3% of patients with neuroblastoma.  
   •      The high level of catecholamines and sometimes vasoactive 
intestinal peptides (VIP) produced by neuroblastoma cells 
can cause fl ushing, pallor, sweating, watery diarrhoea, and 
hypertension.  
   •      Approximately 10% of patients with neuroblastoma present 
with hypertension  [4] . This can result from either secretion of 
catecholamines or from effects on the renal artery and stimula-
tion of the renin - angiotensin system.       

  Investigations 

  Plain  r adiographs 
 Plain radiographs may incidentally detect tumors in the chest or 
abdomen. The mass can have specks of calcifi cation (Figure  12.1 ). 

     Figure 12.1     Plain X - ray showing a mass with calcifi cation.  

  Box 12.1    Neuroblastoma key facts  –  imaging. 

        •      CT scan/MRI scan confi rms site, size, extension, vascular 
involvement.  

   •      Encasing major blood vessels is a characteristic feature of 
neuroblastoma.  

   •      CT is the major imaging modality pre - surgery to demonstrate 
the relationship between tumor and blood vessels.  

   •      MRI scan is important to evaluate for intra - spinal extensions.  

   •      MIBG scan is positive in about 90% patients and is an 
important single tool to identify all disease sites and to 
evaluate response.  

   •      Bone scan is only useful in MIBG negative neuroblastoma.  

   •      The role of the CT FDG - PET scan needs further evaluation 
and is a very promising imaging modality.     
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  Nuclear  m agnetic  i nvestigations 
  Meta -  i odo  b enzyl  g uanidine ( MIBG )  s can 
 MIBG can be labelled with  131 I or  123 I. This is specifi cally taken up 
by neural crest tumors by an active uptake mechanism at the cell 
membrane. Superior imaging quality and more positive lesions 
were observed with the  123 I when compared with 131 I  [7] . Therefore 
 123 I is used for diagnostic purposes and is helpful in the diagnosis 
and staging. MIBG scan may help in identifying the primary 
when it is deemed to be occult by other standard radiological 
techniques. Other neural crest tumors such as pheochromocy-
toma, ganglioneuroma, paraganglioma, retinoblastoma and 
medullary thyroid carcinoma also take up MIBG. The sensitivity 
of MIBG scintigraphy is about 90%  [8] . Once tumor MIBG 
avidity is documented, this is the preferred method for follow - up 
(Figures  12.4  and  12.5 ).    

   99m Technetium  m ethylene  d iphosphonate  b one  s cintigraphy 
( b one  s can) 
 Approximately 10% of neuroblastomas fail to take up MIBG. 
Bone scan is important in these patients to assess cortical bone 
involvement. One major disadvantage of the use of the bone 
scan for assessing response to therapy is that abnormalities 
may persist (due to bone recovery) despite eradication of the 
tumor.  

   FDG  -  PET   s can 
 The role of the PET scan has been evaluated in neuroblastoma. 
PET scan was equal or superior to MIBG scan in detecting soft 
tissue and extracranial disease. However the high FDG uptake by 
the brain failed to identify cranial vault lesions  [9] .    

  Tumor  m arkers (Box  12.2 ) 

  Catecholamines 
 The fi rst case of adrenaline - secreting neuroblastoma was described 
in 1957  [10] . It is now well documented that neuroblastoma 
cells secrete large amounts of one or more catecholamines (adren-
aline, noradrenaline) or their metabolites (vanillylmandelic acid 
[VMA], homovanillic acid [HVA], dopamine). A random sample 
of urine is suffi cient to detect these metabolites  [11]  and results 
are presented as ratios to creatinine. About 10% of patients do 
not secrete catecholamines. HVA and VMA are widely used for 
diagnosis, follow up, as well as for early detection in screening 
programmes. A recent study investigated the levels of urinary 
catecholamines in correlation to stages, biological features, and 
prognosis in 114 neuroblastoma patients. In 91% patients at least 
one of the three (VMA, HVA, dopamine) parameters was above 
normal. High VMA levels were associated with favourable 
biological features; high dopamine levels were predominantly 
found in biologically unfavourable disease. Patients with normal 
HVA levels had a signifi cantly better outcome. The other 
para meters showed no signifi cant association with prognosis. For 

 surgery to demonstrate the relationship between tumor and 
blood vessels.    

  Magnetic  r esonance  i maging ( MRI ) 
 On MRI, the primary and metastatic neuroblastoma show low 
T1 -  and high T2 - weighted signal intensity, with little or no con-
trast enhancement. An MRI scan is extremely important to evalu-
ate intraspinal extension of tumor (Figure  12.3 ). When this is 
suspected, detailed cranial and spinal MRI must be performed to 
assess for compression of the spinal cord and to exclude leptome-
ningeal spread. Bone marrow disease is seen either as diffuse 
infi ltration or as focal disease with MRI signal characteristics 
similar to the primary tumor. Because lung metastases are rare, 
MRI has been proposed as superior to CT because it demon-
strates bone and bone marrow abnormality, liver involvement, 
and intra - spinal tumor to a greater advantage. An important 
additional benefi t of MRI is the lack of ionizing radiation and 
need for oral contrast. Whole - body MRI shows promise as an 
alternative to scintigraphy for the assessment of bone and bone 
marrow disease and is currently being investigated  [6] .    

     Figure 12.2     CT scan of abdomen showing a suprarenal mass with calcifi cation.  

     Figure 12.3     T2 - weighted MRI scan showing a paravertebral ganglioneuroma.  
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     Figure 12.4     Whole body  123 I - MIBG planar imaging showing a MIBG - avid primary abdominal tumor mass, widespread metastatic skeletal uptake and also right orbital 
disease involvement, consistent with stage IV disease.  

  Box 12.2    Neuroblastoma key facts  –  tumor markers. 

        •      Although tumor markers have prognostic value, none are 
currently included in risk group classifi cation.  

   •      The value of markers in monitoring response is minimal; the 
most useful is urinary catecholamine.  

   •      Serum markers have no real value.     

disseminated neuroblastoma of infancy, dopamine/VMA ratio 
proved to be helpful for the discrimination of stage 4 versus 
stage 4s, with the ratio being higher for patients with stage 4 
disease  [12] .    

  Serum  m arkers 
  Ferritin 
 Ferritin is a major tissue - binding protein. Raised ferritin in chil-
dren with neuroblastoma results from direct secretion of ferritin 
by the tumor  [13] . In a study, serum ferritin was studied in 241 
patients with neuroblastoma. Serum ferritin was infrequently 
elevated in sera from patients with low stage disease but was 
elevated in the majority with high stage neuroblastoma. High 
levels of ferritin related to poor survival  [14, 15] . In some recent 
studies, as patient survival has improved with more effective 
therapy, serum ferritin has lost its prognostic signifi cance  [16] . 
However, the International Neuroblastoma Risk Group (INRG) 
recently analysed the prognostic markers in 1483 stage 3 neurob-
lastoma patients. In patients over the age of 18 months, serum 
ferritin was an independent adverse prognostic factor on multi-
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general, a low level predicts a good prognosis and a high level a 
poor outcome, this being mainly due to the fact that children with 
advanced disease present with high serum NSE levels  [24] .  

  Gangliosides 
 Gangliosides are glycosphyngolipids, mainly present in the cell 
surface membrane. These membrane - bound glycolipids are 
released by a variety of cells, particularly tumor cells. Gangliosides 
are present in both tumors and the plasma of most children with 
neuroblastoma. In a study, the ganglioside composition of neu-
roblastoma samples from 53 patients was determined. Differences 
in ganglioside patterns were observed, with neuroblastoma from 
patients who were either disease positive or dead of disease 
tending to have more monosialogangliosides and fewer gangli-
otetraose gangliosides of the B series (GT1b) than tumors from 
patients who were disease - free. More specifi cally, six of the seven 
patients lacking GT1b died of disease, suggesting that the absence 
of GT1b is indicative of a poor prognosis  [25] . Also, thoracic 
neuroblastoma patients who generally have good prognosis had 
higher levels of GT1b  [26] . Circulating tumor - derived GD2 cor-
relates inversely with prognosis. Randomized studies are evaluat-
ing the role of GD2 monoclonal antibodies on minimal residual 
disease.    

  Neuroblastoma  s taging 

 The fi rst staging system for neuroblastoma was proposed by 
Evans  et al.   [27]  in 1971 and used by the Children ’ s Cancer Group 
(CCG) in the USA. The staging was based on involvement of 
lymph nodes and spread across the midline. Stage IV - S (special 
category) was described as a neuroblastoma which would be oth-
erwise stage I or II but with remote disease confi ned to liver, skin, 
or bone marrow (minimal) without radiological evidence of bone 
metastases on skeletal survey. These tumors have a propensity for 
spontaneous regression  [28]  (Box  12.3 ).   

 In 1983, St Jude ’ s proposed a surgico - pathological staging 
system based on extent of surgery and lymph node involvement 
 [29] . In 1987, the TNM (tumor - node - metastasis) staging was 
proposed jointly by the American joint committee on staging and 
the Union Internationale Contre le Cancer (UICC) committee. 
In general, the different staging systems gave comparable results 
in distinguishing low - stage, good - prognosis patients from high -
 stage, poor - prognosis patients. However, some of the differences 
between the staging systems were substantial, particularly as 
applied to individual patients, so the results of one group could 
not be easily compared with another. 
 Points of disagreement included: 
  (1)     Importance of resectability of the primary tumor;  
  (2)     Prognostic signifi cance of tumor  ‘ crossing the midline ’ ;  
  (3)     Prognostic importance of ipsilateral and/or contra - lateral 
lymph node involvement;  
  (4)     Separation of patients (usually infants) with  ‘ stage IV - S ’  from 
other children with disseminated disease.    

variate analysis  [17] . Also, in the cohort of patients  ≥ 18 months 
with metastatic disease, serum ferritin ( < vs  ≥ 92   ng/ml) was shown 
to be prognostic by the event - free survival tree regression  [18] .  

  Lactic  d ehydrogenase ( LDH ) 
 LDH is an enzyme that catalyzes the reversible conversion of 
pyruvate to lactase. LDH was observed to be increased in 77 – 83% 
patients with newly diagnosed neuroblastoma  [19, 20] . Absolute 
LDH levels correlate with prognosis with increased levels being 
more common in advanced disease as LDH levels correlate with 
rapid cell turn over. In 1992, in a large study, LDH was found to 
be an important prognostic marker  [21] .  

  Neuron  s pecifi c  e nolase ( NSE ) 
 Enolases are glycolytic enzymes that convert 2 - phosphoglycerate 
to phosphoenolpyruvate. There are three immunologically dis-
tinct subunits: alpha, beta, and gamma. Gamma enolase is found 
in neuron and called NSE. In children, although high serum NSE 
levels are suggestive of neuroblastoma, increased levels have been 
reported in other malignancies such as Wilms ’  tumor, Ewing ’ s 
sarcoma, non - Hodgkin ’ s lymphoma, acute leukemia and other 
diseases  [22] . NSE is therefore not a specifi c marker and can also 
be raised following some non - malignant conditions, e.g. brain 
damage. Generally in stage 1 and stage 2 diseases, abnormal NSE 
levels are reported in less than 20% of cases. But in stage 3 and 4 
diseases increased NSE levels are found in 80 – 95% cases  [23] . In 
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 In 1988, a proposal was made to establish an internationally 
accepted staging system for neuroblastoma  –  the International 
Neuroblastoma Staging System (INSS)  –  as well as consistent 
criteria for confi rming the diagnosis and determine response to 
therapy  –  the International Neuroblastoma Response Criteria 
(INRC). Both have been universally adopted  [30] . In 1993 these 
were modifi ed  [31] .The INSS staging system is a post - surgical 
staging system and depends substantially on the assessment of 
resectability and surgical examination of lymph node involve-
ment (Table  12.1 ).   

 Many countries around the world adopted the INSS. However, 
some diffi culties have been encountered as the classifi cation 
cannot be applied to every patient. As the INSS is a post - surgical 
classifi cation, patients with localized disease who are observed 
because tumor regression is anticipated, cannot be properly 
staged using INSS criteria. 

 Since 1995, the European International Society of Paediatric 
Oncology Neuroblastoma Group (SIOPEN) has classifi ed local-
ized tumors as  ‘ resectable ’  or  ‘ unresectable ’  depending on the 
presence or absence of  ‘ surgical risk factors ’  based on radiological 
characteristics of the tumors  [32] . It was demonstrated that 
primary surgery in the presence of surgical risk factors was associ-
ated with both a lower complete excision rate and a greater risk 
of surgery - related complications  [32] . 

 The INRG classifi cation system (see later) was developed to 
establish a consensus approach for  pre - treatment  risk stratifi ca-
tion. As the INSS was based on post - surgical (post - therapy) 
assessment, it was not appropriate to be used in a pre - therapy 
setting. Also in the INSS the stage of locoregional tumors is based 
on the degree of surgical resection and the same tumor can be 
either stage 1 or 3 depending upon the extent of surgical excision, 

  Table 12.1    International  S taging  S ystem for  N euroblastoma ( INSS )    [31]   . 

   Stage     Description  

  Stage 1    Localized tumor confi ned to the area of origin; complete 
gross excision, with or without microscopic residual 
disease. Representative ipsilateral and contralateral 
lymph nodes negative for tumor microscopically (nodes 
attached to and removed with the primary tumor may be 
positive)  *  .  

  Stage 2a    Localized tumor with incomplete gross excision; 
representative ipsilateral and non - adherent lymph nodes 
negative for tumor microscopically.  

  Stage 2b    Localized tumor with complete or incomplete gross excision; 
with ipsilateral non - adherent lymph nodes positive for 
tumor. Enlarged contralateral lymph nodes must be 
negative microscopically.  

  Stage 3    Unresectable unilateral tumor infi ltrating across the midline   †    
with or without regional lymph node involvement; or 
localized unilateral tumor with contralateral regional 
lymph node involvement or midline tumor with bilateral 
extension by infi ltration (unresectable) or by lymph node 
involvement.  

  Stage 4    Any primary tumor with dissemination to distant lymph 
nodes, bone, bone marrow, liver, skin and/or other 
organs (except as defi ned in stage 4S).  

  Stage 4S    Localized primary tumor (as defi ned for stage 1, 2a 
or 2b) with dissemination limited to skin, liver and/or 
bone marrow   ‡    (limited to infants less than one year 
old).  

    *    Multifocal primary tumors (e.g. adrenal primary tumors) should be staged 
according to the greatest extent of the disease, as defi ned above, and followed 
by  m , e.g. 3 m.        †     The midline is defi ned as the vertebral column. Tumors originating 
on one side and  ‘ crossing the midline ’  must infi ltrate to or beyond the opposite 
side of the vertebral column.      ‡    Marrow involvement of stage 4S should be 
minimal, i.e. fewer than 10% of total nucleated cells identifi ed as malignant on 
bone marrow biopsy or on marrow aspirates. More extensive marrow 
involvement will be considered to be stage 4. The MIBG scan (if done) should be 
negative in marrow.   

  Box 12.3    Neuroblastoma key facts  –  staging 
systems. 

        •      1971: First staging system by the Children ’ s Cancer Group. 
Key points were concept of Stage IVS, lymph node 
involvement, and spread across the midline.  

   •      1983: St Jude ’ s classifi cation. Key points were extent of 
surgery and lymph node involvement.  

   •      1987: TNM (tumor node metastasis) classifi cation.  

   •      1988: International Neuroblastoma staging system (INSS) and 
International Neuroblastoma Response Criteria (INRC).  

   •      1993: INSS modifi ed. Post - surgical classifi cation based on 
resection, lymph nodes. Pitfalls: not all patients are operated 
at diagnosis; staging depends on extent of surgical resection 
and thoroughness of surgery.  

   •      2009: INRGSS is a pre - treatment clinical staging system 
designed specifi cally for the INRG classifi cation system. 
Localized tumors are classifi ed depending on the presence of 
radiologically defi ned image - defi ned risk factors (IDRF).     

making direct comparison of clinical trials based on INSS stages 
diffi cult. Another limitation of the INSS is that assessment of 
lymph node involvement is necessary for proper staging. However, 
lymph node sampling is subject to the thoroughness of the indi-
vidual surgeon and can be very variable; furthermore the assess-
ment of extra - regional lymph node involvement is diffi cult to 
apply uniformly. Finally, the INSS depends on the midline which 
can be inconsistently defi ned. 

 Therefore based on the hypothesis that a staging system based 
on preoperative, diagnostic images would be more robust and 
reproducible than one based on operative fi ndings and approach, 
the INRG Staging System (INRGSS) was developed  [33]  (Table 
 12.2 ). In the INRGSS, locoregional tumors are staged as L1 or L2 
based on the absence or presence of one or more of 19 radiological 
 ‘ Image Defi ned Risk Factors ’  (IDRFs) (Table  12.3 ). As digital 
radiographs can be reviewed centrally, the images can be evaluated 
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uniformly. Metastatic tumors are defi ned as stage M, except for 
stage MS in which metastatic disease is confi ned to the skin, liver 
and/or bone marrow in children younger than 18 months of age.    

  Pathology 

 Neuroblastoma cells are described as  ‘ small blue round cells ’ . The 
two important features of neuroblastoma are the degree of dif-
ferentiation and the amount of Schwann cell (stroma) presence 
(Box  12.4 ). Historically neuroblastic tumors have been classifi ed 
as neuroblastoma (NB), ganglioneuroblastoma (GNB), and gan-
glioneuroma (GN), the later being the most mature end of the 
spectrum. Systems for histological grading should take account 
of varying degrees of fi eld to fi eld differentiation within a tumor 
since the potential for metastasis is determined by the most 
undifferentiated component. Historically, the principal morpho-
logic feature recognized to be of prognostic importance for neu-
roblastic tumors was the degree of neuroblastic maturation 
toward ganglion cells  [34, 35] . In 1984, Shimada  et al.  took a new 
approach with their age - linked classifi cation, which divided neu-
roblastic tumors into Schwannian stroma - rich and stroma - poor 
tumors  [36] . The stroma - poor neuroblastoma and stroma - rich 
neuroblastoma were further divided into two prognostic catego-
ries: favourable histological features (FH) and unfavourable his-
tological features (UH). The term mitosis - karyorrhexis index 
(MKI) was introduced for describing one of the prognostic indi-
cators. Some modifi cations in this classifi cation were published 
by Joshi  et al.   [37, 38]  who suggested a high mitotic rate to be an 
unfavourable prognostic factor and tumor - associated calcifi ca-
tion to be a favourable prognostic factor. The terms neuroblast-
oma and ganglioneuroblastoma were retained instead of 
stroma - poor NB and stroma - rich NB, recommended by Shimada 
 et al.  Undifferentiated neuroblastoma was considered a subtype 
separate from poorly differentiated neuroblastoma; and the term 
ganglioneuroblastoma was used only when there was a predomi-
nant ganglioneuromatous component admixed with the minor 
neuroblastomatous component.   

  Table 12.2    The  I nternational  N euroblastoma  R isk  G roup  S taging  S ystem 
( INRGSS )    [33]   . 

   Stage     Description  

  L1    Localized tumor not involving vital structures as defi ned by the list of 
image defi ned risk factors and confi ned to one body compartment.  

  L2    Locoregional tumor with presence of one or more image defi ned risk 
factors.  

  M    Distant metastatic disease (except Stage MS).  
  MS    Metastatic disease in children younger than 18 months with 

metastases confi ned to skin, liver and/or bone marrow.  

   Patients with multifocal primary tumors should be staged according to the 
greatest extent of disease as defi ned in the table.   

  Table 12.3    Image defi ned risk factors in neuroblastic tumors    [33]   . 

  Ipsilateral tumor extension within two body compartments:  
      •      Neck - chest, chest - abdomen, abdomen - pelvis     

  Neck:  
      •      Tumor encasing carotid and/or vertebral artery and/or internal jugular vein  
   •      Tumor extending to base of skull  
   •      Tumor compressing the trachea     

  Cervico - thoracic junction:  
      •      Tumor encasing brachial plexus roots  
   •      Tumor encasing subclavian vessels and/or vertebral and/or carotid artery  
   •      Tumor compressing the trachea     

  Thorax:  
      •      Tumor encasing the aorta and/or major branches  
   •      Tumor compressing the trachea and/or principal bronchi  
   •      Lower mediastinal tumor, infi ltrating the costo - vertebral junction between T9 

and T12     

  Thoraco - abdominal:  
      •      Tumor encasing the aorta and/or vena cava     

  Abdomen/pelvis:  
      •      Tumor infi ltrating the porta hepatis and/or the hepatoduodenal ligament  
   •      Tumor encasing branches of the superior mesenteric artery at the mesenteric 

root  
   •      Tumor encasing the origin of the coeliac axis, and/or of the superior 

mesenteric artery  
   •      Tumor invading one or both renal pedicles  
   •      Tumor encasing the aorta and/or vena cava  
   •      Tumor encasing the iliac vessels  
   •      Pelvic tumor crossing the sciatic notch     

  Intraspinal tumor extension whatever the location provided that:  
      •      More than one third of the spinal canal in the axial plane is invaded and/or  
   •      the perimedullary leptomeningeal spaces are not visible and/or  
   •      the spinal cord signal is abnormal     

  Infi ltration of adjacent organs/structures:  
      •      Pericardium, diaphragm, kidney, liver, duodeno - pancreatic block, and 

mesentery     

   Multifocal primary tumors, intraspinal tumors (with or without symptoms of 
spinal cord compression), pleural effusion (with or without malignant cells) and 
ascites (with or without malignant cells) to be recorded, but not considered 
image defi ned risk factors.   

 The International Neuroblastoma Pathology Committee 
(INPC) was established in 1994. The goals and objectives of the 
INPC included standardization of terminology and morphologic 
criteria of neuroblastic tumors and establishment of a morpho-
logic classifi cation that was prognostically signifi cant, biologically 
relevant, and reproducible  [39] . Neuroblastic tumors were 
assigned to one of four basic morphologic categories: 
   •      Neuroblastoma   (Schwannian stroma - poor).  
   •      Ganglioneuroblastoma, intermixed   (Schwannian stroma - rich).  
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 To test the prognostic effects of the International Classifi cation, 
all neuroblastic tumors were classifi ed into either a FH group or 
an UH group based on the age, MKI, and pathology. Regardless 
of the patient ’ s age, tumors in the ganglioneuroblastoma, inter-
mixed category and the ganglioneuroma category were classifi ed 
into the FH group, whereas tumors in the ganglioneuroblastoma, 
nodular category were classifi ed in the unfavourable group  [40]  
However, in 2003 the international neuroblastoma pathology 
classifi cation was revised to confi rm favourable and unfavourable 
prognostic subsets in ganglioneuroblastoma, nodular tumors 
(GNB - N). GNB - N is a composite tumor with ganglioneuroma-
tous and ganglioneuroblastomatous components and the prog-
nostic grouping of the given tumor is determined by evaluating 
grade of neuroblastic differentiation and MKI of the neuroblasto-
matous nodules using the age dependent criteria  [41] . Therefore 
it is only the GNB - N with unfavourable histology which is associ-
ated with a poor outcome and a tendency to be associated with 
metastatic disease. Analysis of 911 patients by these criteria sub-
stantiated the age - linked prognostic effects of the morphologic 
indicators (grade of neuroblastic differentiation and MKI) for 
patients with tumors in the neuroblastoma category, and sup-
ported the concept of an age - appropriate framework of matura-
tion for patients with tumors. All these classifi cations are only 
applicable to tumors examined before any therapy. Previously 
treated primary tumors may have different appearances (Table 
 12.4 ).   

 In the INRG histological category (neuroblastoma, ganglione-
uroblastoma -  intermixed, ganglioneuroblastoma - nodular and 
ganglioneuroma maturing), grade of tumor differentiation 
(undifferentiated, poorly differentiated and differentiating), 
MKI, and age, were found to be of independent prognostic 
value. To prevent confounding of the effect of age, histological 
features (histological category, MKI, and grade of differentia-
tion) were analyzed in lieu of the INPC. 

   •      Ganglioneuroma   (Schwannian stroma - dominant).  
   •      Ganglioneuroblastoma, nodular   (composite Schwannian 
stroma - rich/stroma - dominant and stroma - poor).   
   (1)     Neuroblastoma (Schwannian stroma poor) is a tumor com-
posed of neuroblasts constituting the entire or predominant 
portion (at least 50% of the tumor mass) of the neuroblastic 
tumor. The neuroblasts are characteristically arranged in nests 
surrounded by fi bro vascular septae. There are three subtypes of 
neuroblastoma: 

    •      Undifferentiated neuroblastoma   (virtually all tumor cells 
are undifferentiated) (Plate  12.1 ).  
   •      Poorly differentiated neuroblastoma   (less than 5% cells 
show a tendency towards differentiation).  
   •      Differentiating neuroblastoma   (at least 5% cells show a 
tendency towards differentiation toward ganglion cells) 
(Plate  12.2 ).    

  (2)     Ganglioneuroblastoma contains predominantly a gangli-
oneuromatous component (more than 50% of the tumor mass) 
and a minor neuroblastomatous component showing variable 
differentiation and distribution. At present two distinct types of 
ganglioneuroblastoma are recognized: 

    •      GNB nodular (composite Schwannian stroma - rich/ 
stroma - dominant/stroma poor). Macroscopically, these are 
usually hemorrhagic nodules.  
   •      GNB intermixed (Schwannian stroma rich). Neuroblasto-
matous component is present in the form of variably sized, 
fairly well - defi ned but unencapsulated nests of neuroblasts 
and neuropil intermixed with the predominant ganglioneu-
romatous component (Plate  12.3 ).    

  (3)     Ganglioneuroma (Schwannian stroma dominant) has two 
subtypes: 

    •      Ganglioneuroma maturing consisting of differentiating 
neuroblasts and mature ganglion cells.  
   •      Ganglioneuroma mature consisting of mature Schwannian 
stroma and ganglion cells  [38, 39]  (Plate  12.4 ).      

  Table 12.4     I nternational  N euroblastoma  P athology  C lassifi cation    [41, 42]   . 

  Favourable 
histology  

  Age  < 18 months    Neuroblastoma: poorly 
differentiated or differentiating 
and low or intermediate MKI  

  Age  ≥ 18 
months – 5 years  

  Differentiating neuroblastoma with 
low MKI. Neuroblastoma poorly 
differentiated with low MKI  

  Any age    Ganglioneuroblastoma intermixed 
(GNB - I), ganglioneuroma  

  Unfavourable 
histology  

  Age  ≥ 18 months    Poorly differentiated or 
intermediate MKI  

  Any age    Neuroblastoma: undifferentiated or 
high MKI  

   ≥ 60 months    Differentiating neuroblastoma, 
neuroblastoma poorly 
differentiated with low MKI  

   MKI, mitosis - karyorrhexis index.   

  Box 12.4    Neuroblastoma key facts  –  pathology. 

        •      Good prognosis tumors progress through undifferentiated 
neuroblastoma, poorly differentiated neuroblastoma, 
differentiating neuroblastoma, ganglioneuroblastoma -
 intermixed, ganglioneuroma maturing and ganglioneuroma 
mature with increasing patient age, i.e. undifferentiated 
tumors are not seen in older patients.  

   •      In poor prognosis tumors this process of differentiation is 
arrested and undifferentiated neuroblastoma is seen in older 
patients.  

   •      In ganglioneuroblastoma nodular tumors with 
undifferentiated or poorly differentiated nodules, the 
differentiation process does not occur in the nodules, possibly 
because a clone of cells are genetically distinct.     
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cell lines in homogenous stained regions. Amplifi cation in 
homogenous stained regions in tumors appears to have no clini-
cal effect  [52] .  
   •       MYCN  amplifi cation is an intrinsic biological property of a 
subset of neuroblastoma and if the amplifi cation is going to 
occur, it is generally present at the time of initial diagnosis and 
this feature does not change with time  [53] .  
   •      A relationship between higher tumor stage and rapid disease 
progression with  MYCN  copy number was fi rst documented in 
1985  [51] .    
 Subsequently it was established that  MYCN  amplifi cation is an 
independent prognostic factor  [54] . However, amplifi cation of 
 MYCN  does not have signifi cance in stage 4 disease  [55, 56] . 

 It has been observed that frequently there is co amplifi cation 
of genes in proximity to the  MYCN . DEAD - box protein gene 
(DDX1) located at 2p24 is co amplifi ed with  MYCN  in about 
two - thirds of patients  [57] . Although there have been studies to 
suggest that co amplifi cation of DDX1 and  MYCN  is associated 
with favourable outcome  [58] , this has been proven to be incor-
rect by others  [59, 60] . The role of DDX1 and other genes such 
as NAG need to be further clarifi ed. 

 In  MYCN  amplifi ed tumors there is high level  MYCN  expres-
sion and this is associated with a poor outcome. However, high -
 level  MYCN  expression in neuroblastoma lacking  MYCN  
amplifi cation results in a benign phenotype. Thus, the high 
 MYCN  expression confers the opposite biological consequence 
in neuroblastoma, depending on whether or not  MYCN  is ampli-
fi ed  [61] .  

  Other  n on -  r andom  g enetic  a bnormalities 
 In neuroblastoma, most structural chromosome aberrations are 
unbalanced, i.e. they are associated with physical losses or gains 
of parts of chromosomes. Balanced aberrations, i.e. reciprocal 
translocations without losses of genetic material, are relatively 
uncommon in neuroblastoma. The term  ‘ structural ’  aberrations 
is used to refer to genomic amplifi cations together with gains or 
losses of parts of chromosomes and the term  ‘ segmental ’  aberra-
tion is used when referring only to gains or losses of parts of 
chromosomes. 
   •      In neuroblastoma, segmental chromosome aberrations repre-
sent unbalanced chromosome aberrations. Non - random genetic 
abnormalities in neuroblastoma can either be losses or gains of 
part of chromosomes (segmental aberrations) such as losses 
(1p36.3, 4p, 9p, 11q 23, 12p and 14q) or amplifi cation/gains 
( MYCN , 17q) of genetic material.  
   •      Genetic losses indicate the loss of function of some as yet 
unknown tumor suppressor genes. Of these, the better studied 
are 1p deletion, 11q deletions and  MYCN  gain and 17q gain. 
Multiplex ligation - dependent probe amplifi cation (MLPA) is a 
novel technique which is currently being validated to simultane-
ously identify amplifi cations and whole and partial chromosomal 
gains and losses of a large number of chromosomal loci.    

 Chromosomal comparative genomic hybridization (CGH) is 
another method which has been well tested to assess whole or 

 The panel of immunohistochemical markers usually positive 
in neuroblastic tumors are: neuron specifi c enolase, chrom-
ogranin A, synaptophysin, tyrosine hydroxylase, protein gene 
product 9.5, GD2, NB84. Actin, desmin, low molecular weight 
cytokeratin, leukocyte common antigen, and vimentin are gener-
ally negative.  

  Neuroblastoma  m olecular  p athology (Box  12.5 ) 

  Tumor  c ell  p loidy 
 The prognostic implication of tumor cell ploidy in neuroblast-
oma has been accepted for over 30 years  [43 – 45] . Locoregional 
tumors are commonly hyperdiploid, but diploidy is more 
common in advanced - stage tumors. 
   •      Approximately 55% of the tumors have a hyperdiploid (near -
 triploid or penta - /hexaploid) DNA - content and about 45% of 
neuroblastic tumors are diploid.  
   •      The prognostic signifi cance of ploidy has been confi rmed in 
infants and children up to 18 months of age with metastatic 
disease and without  MYCN  amplifi cation. Children with hyper-
diploidy without  MYCN  amplifi cation had better event free sur-
vival (EFS) compared with diploid tumors without  MYCN  
amplifi cation  [45 – 47] .      

 The Children ’ s Oncology Group has reported a retrospective 
study of clinical signifi cance of ploidy and  MYCN  status in low 
stage disease and conclude that patients with hyperdiploidy and 
 MYCN  amplifi cation have signifi cantly higher overall survival 
(OS) as compared with patients with diploidy and  MYCN  ampli-
fi cation  [48] . This needs to be confi rmed in prospective studies.  

     MYCN     a mplifi cation 
 The oncogene  MYCN  is located on chromosome 2p at 2p 23 – 24 
[49]. Early reports suggested that amplifi cation of  MYCN  was 
present in 25 – 50% patients with stage 3 and 4 disease and with 
amplifi cation up to 300% [50, 51]. 
   •      The amplifi cation of the gene most commonly occurred in 
double minutes in primary tumors, while amplifi cation occurs in 

  Box 12.5    Neuroblastoma key facts  –  molecular 
pathology. 

        •       MYCN  amplifi cation is an independent adverse prognostic 
factor for infants and localised disease.  

   •      The presence of segmental alterations, with or without  MYCN  
amplifi cation, is the strongest predictor of relapse.  

   •      Loss of 11q is prognostic for event free and overall survival 
especially in  MYCN  non - amplifi ed tumors.  

   •      Loss of 1p is prognostic for event free survival.  

   •      Hyperdiploidy is associated with a superior prognosis in 
patients with metastatic disease under the age of 18 months.     



Part III Solid Tumors of Childhood

174

in the tyrosine kinase domain (TKD). It has recently been identi-
fi ed as a predisposition gene for familial neuroblastoma  [78] . 
Somatic mutations are also found in about 12% of sporadic  high -
 risk  neuroblastoma tumors  [78] . It is now also recognized as a 
frequent target of genetic alteration in advanced neuroblastoma 
 [79] . This could be a potential future target for therapy.   

  Risk  s tratifi cation 

 Risk assessment in neuroblastoma depends on several clinical and 
biological features. Different groups have used different criteria 
for risk stratifi cation. For example, SIOPEN uses age,  MYCN  
status, and surgical risk factors defi ned by imaging for assigning 
risk - group for locoregional tumors, whereas the COG uses age, 
 MYCN  status, stage, histology, and DNA ploidy  [32, 80] . As an 
increasing number of genetic features have been included to 
guide therapy decisions  [67, 73, 81] , comparison of different trials 
is diffi cult (Box  12.6 ).   

 Efforts have been made in the last four years to develop a 
consensus approach that will allow comparison of results across 
the world. A Task Force representing the major paediatric coop-
erative groups globally was created in 2004 with the aim of devel-
oping INRG. From the major pediatric cooperative groups  –  COG 
(North American and Australia), GPOH (Gesellschaft f ü r 
P ä diatrische Onkologie und H ä matologie, Germany), JINCS 
(Japan) and SIOPEN (Europe)  –  8800 patients treated on studies 
between 1990 and 2002 were studied. 

 The prognostic signifi cance of 13 potential risk factors was 
evaluated using survival tree regression using EFS as the primary 
endpoint. Cox proportional hazards regression models were used 
to identify the most highly statistically signifi cant variable to 
create a given split or  ‘ branch ’  in the survival tree  [18] . 

partial chromosome gains or losses. A recent study extensively 
analyzed 147 neuroblastoma samples at diagnosis, without 
 MYCN  amplifi cation, by CGH. This showed gains or losses of 
entire chromosomes (type 1) in 71 cases, whereas partial chromo-
some gains or losses (type 2), including gain involving 17q, were 
observed in 68 cases. Atypical profi les were present in eight cases. 
A type 1 profi le was observed more frequently in localized disease 
and in patients of less than 12 months at diagnosis. A type 2 
genomic profi le was associated with a higher risk of relapse in the 
overall population but also in the subgroup of patients with local-
ized disease. In multivariate analysis, the genomic profi le was the 
strongest independent prognostic factor. The study concluded 
that in patients without  MYCN  amplifi cation, genomic altera-
tions help predict the outcome  [62] . It has been suggested that 
the analysis of the overall genomic pattern probably indicates 
genomic instability. These fi ndings have been extended in a series 
of 493  MYCN  amplifi ed and non - amplifi ed neuroblastomas. In 
tumors only with whole - chromosome copy number variations 
there were no disease - related deaths. In contrast the presence of 
segmental alterations with or without  MYCN  amplifi cation was 
the strongest predictor of relapse  [63] . 

  1p  d eletion 
 Deletions of 1p were fi rst detected in cytogenetic studies in 1977 
 [64] . Allelic loss of 1p occurs in about a third of neuroblastoma 
patients  [65] .Loss of heterozygocity of distant chromosome is 
associated with  MYCN  amplifi cation and implies an aggressive 
tumor  [66, 67] . LOH of 1p was predictive of local recurrences in 
low stage disease  [68]  and associated with tumors with aggressive 
behaviours  [69] .  

  11q  l oss 
 11q aberrations are found in approximately 25% of patients. 
These are more associated with stage 4 disease and over the age 
of 2.5 years. These patients generally have a poor outcome. 
Common region of deletion is mapped at 11q23  [70] . In a large 
study, multivariate analysis confi rmed that 11q status had prog-
nostic signifi cance for all patients with stage 1, 2, 3 and 4S disease 
in patients without  MYCN  amplifi cation. 11q strongly correlated 
with increase incidence of relapse particularly metastatic relapses 
 [71] . 11q aberrations are often not associated with  MYCN  ampli-
fi cation and are associated with reduced progression free survival, 
thereby strengthening its role as an independent prognostic 
factor  [67] .   

  17q  g ain 
 Gain in 17q is one of the commonest segmental aberration seen 
in patients with neuroblastoma  [72] . Earlier studies showed that 
17q gain is associated with adverse prognosis  [73 – 76] . However 
this has not been universally confi rmed  [77] .  

  Anaplastic  l ymphoma  k inase ( ALK ) 
 ALK is an oncogene which was originally identifi ed as a fusion 
kinase in anaplastic large cell lymphoma. It harbours mutations 

  Box 12.6    Neuroblastoma key facts  –  risk 
stratifi cation. 

        •      The INRG is an internationally agreed pre - therapy risk 
assessment system.  

   •      Seven factors are employed  –  stage, age ( < 18 months versus 
 ≥ 18 months), histological category (ganglioneuroma, 
ganglioneuroblastoma - intermixed), grade of tumor 
differentiation (differentiating versus undifferentiated or 
poorly differentiated),  MYCN  status, presence/absence of 11q 
aberration, and ploidy ( ≤ 1.0 versus  > 1.0).  

   •      Sixteen statistically and/or clinically different pre - treatment 
groups, which are designated as very low, low, intermediate, 
or high pre - treatment risk subsets.  

   •      The key is the assignment of patients in a given INRG row to 
a single treatment group without splitting that row in 
different treatment subgroups.     
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roblastoma markedly increases the incidence in infants without 
decreasing the incidence of unfavourable advanced stage disease 
in older children  [85] . 

 The German study investigated the role of screening at 1 year 
of age in 2.6 million children in six states while 2.1 million chil-
dren in 10 states were not screened. There was signifi cant over-
diagnosis in the screened group and similar death rates, thereby 
confi rming that screening was not useful  [86] . Screening there-
fore results in overtreatment and psychological burden for fami-
lies  [87] .  

  Treatment of  n euroblastoma 

  Surgery 
 Surgery may be the only therapy necessary for localized (L1 
without image -  defi ned risk factors [IDRFs]) tumors with favour-
able histology and biology. 

 Initial approaches to localized neuroblastoma include: 
   •      Immediate complete tumor excision with no need for subse-
quent therapy.  
   •      Near - complete excision followed by adjuvant therapy in 
selected patients.  
   •      No attempt at excision if the tumor has IDRFs. For these 
patients chemotherapy is generally administered to shrink the 
tumor and render it less vascular and friable to facilitate subse-
quent excision.    
 It is important that the surgical procedure is associated with no, 
or very low, morbidity (Box  12.8 ).   

 To develop guidelines for surgery for localized neuroblastoma, 
LNESG1 defi ned surgical risk factors (SRFs) based on imaging 
characteristics  [88] : 
   •      The adoption of SRFs as predictors of adverse surgical outcome 
was validated because their presence was associated with lower 
complete excision rate and greater risk of post surgical complica-
tions  [32] . These are now called IDRFs. These were more recently 
tested with respect to the German NB97 trial and were useful in 
predicting risks and completeness of surgery  [89] .  
   •      Most stage 3 tumors are deemed unresectable before or during 
operation. At presentation, usually only biopsy is possible, 
although there are some initial complete resections.    
 To stratify accurately patients with loco - regional tumors using 
the INRG classifi cation system, adequate samples of tumor tissue 
are needed for genetic studies and for histological category deter-
mination. It is challenging to distinguish ganglioneuroblastoma -
 intermixed from ganglioneuroblastoma - nodular when the entire 
tumor is not resected. Surgical biopsy needs to be guided by the 
radiological appearances of the tumor, with any heterogeneous 
areas targeted. Adequate tissue samples are mandatory to evaluate 
histological grade in loco - regional neuroblastoma that lack 
 MYCN  amplifi cation in children  ≥ 18 months of age. In most 
cases, multiple image - guided core - needle biopsies  ‘ true - cut ’  
cores will yield suffi cient tissue to determine tumor grade, but 
fi ne needle aspirates are not likely to provide adequate quantities 

 The analysis confi rmed the previous results of London  et al . 
 [82]  that the age cut - off of 18 months was prognostically signifi -
cant. However, for patients with diploid, stage M,  MYCN  non -
 amplifi ed tumor, the Task Force elected to use the more 
conservative age cut - off of 12 months (365 days). 

 Seven factors were identifi ed that were highly statistically sig-
nifi cant and also considered clinically relevant: 
   •      Stage.  
   •      Age ( < 18 months versus  ≥ 18 months (547 days)).  
   •      Histological category (ganglioneuroma, ganglioneuroblastoma 
 –  intermixed).  
   •      Grade of tumor differentiation (differentiating versus undif-
ferentiated or poorly differentiated).  
   •       MYCN  status.  
   •      Presence/absence of 11q aberration.  
   •      Ploidy ( ≤ 1.0 versus  > 1.0).    
 The INRGSSS was used as a pre - therapy staging system for the 
INRG. A retrospective analysis supported the translation of INSS 
staging in the INRG Classifi cation system  [33] : 
  INSS 1  →  INRGSS L1;  
  INSS 2, 3  →  INRGSS L2;  
  INSS 4  →  INRGSS M;  
  INSS 4S  →  INRGSS MS.    

 Sixteen statistically and/or clinically different pre - treatment 
groups of patients were identifi ed and patients grouped using EFS 
cut points for 5 - year. EFS of  > 85%,  > 75 –  ≤ 85%,  ≥ 50 –  ≤ 75% or 
 < 50%, were 28.2%, 26.8%, 9.0% and 36.1%, respectively. The 
categories were designated as very low, low, intermediate, or high 
pre - treatment risk subsets  [18]  (Table  12.5 ).    

  Screening and  n euroblastoma (Box  12.7 ) 

 In Japan, a nationwide screening programme was commenced in 
1985 as survival seemed to improve following pilot programmes. 
Prior to 1989, all infants aged 6 months were screened with quali-
tative spot tests for VMA in urine and subsequently by quantita-
tive assay for VMA and HVA with high - performance liquid 
chromatography (HPLC). The total number of neuroblastoma 
cases diagnosed under the age of one year increased signifi cantly. 
However, most patients were in favourable stages (stage 1, 2 or 
4s), had a small primary mass and without unfavourable biologi-
cal features. The survival rate for neuroblastoma diagnosed by 
screening was around 97%  [83] . However, there was no decrease 
in the number of children diagnosed with neuroblastoma over 1 
year of age. Also, mortality in children between 1 and 4 years of 
age from neuroblastoma did not decrease. It was therefore con-
cluded that mass screening for neuroblastoma causes harm 
because of overdiagnosis, and it has little effect on decreasing the 
incidence or mortality from the disease at 1 – 4 years of age  [84] . 
The Japanese government stopped the screening programme in 
2004.   

 The Quebec screening programme screened infants at 3 weeks 
and 6 months of age and also concluded that screening for neu-
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  Table 12.5    The  I nternational  N euroblastoma  R isk  G roup classifi cation    [18]   . 

   INRG stage     Age (months)     Histological category/grade of 
tumor differentiation  

    MYCN      11q aberration     Ploidy     Pre - treatment 
risk group  

  L1/L2        GN maturing GNB intermixed                A Very low  
  L1        Any, except GN maturing or GNB intermixed    NA            B Very low  

  Amp            K High  

  L2     < 18    Any, except GN maturing or GNB intermixed    NA    No        D Low  

  Yes        G Intermediate  

   ≥ 18    GNB nodular, differentiating NB, differentiating    NA    No        E Low  

  Yes        H Intermediate  *    

  GNB nodular, poorly differentiated or undifferentiated 
NB, poorly differentiated or undifferentiated  

  NA            H Intermediate  *    

          Amp            N High  

  M     < 18        NA        Hyperdiploid    F Low  

   < 12        NA        Diploid    I Intermediate  

  12 –  < 18        NA        Diploid    J Intermediate  

   < 18        Amp            O High  

   ≥ 18                    P High  

  MS     < 18        NA    No        C Very Low  

  Yes        Q High  

  Amp            R High  

   GN, ganglioneuroma. GNB, ganglioneuroblastoma. NB, neuroblastoma. Amp, amplifi ed. NA, not amplifi ed.  
   *    Pre - treatment risk group H has two entries. Tumor Stages: L1, localized tumor confi ned to one body compartment and with absence of image defi ned risk factors (IDRF); 
L2, locoregional tumor with presence of one or more IDRFs. M, distant metastatic disease (except Stage MS). MS, metastatic disease confi ned to skin, liver and/or bone 
marrow in children  < 18 months of age (defi nitions: 12 months   =   365 days; 18 months   =   547 days; Blank fi eld   =    ‘ any ’ ). Diploid (DNA index  < 1.0); hyperdiploid (DNA 
index  > 1.0 and includes near - triploid and near - tetraploid tumors). Very low - risk (5 - year EFS  > 85%); low - risk (5 - year EFS  > 75% -  < 85%); intermediate - risk (5 - year 
EFS    >    50% -  < 75%); High - risk (5 - year EFS    <    50%). EFS, event - free survival.   

  Box 12.7    Neuroblastoma key facts  –  screening for 
neuroblastoma. 

    Screening for neuroblastoma resulted in: 

   •      Increased incidence of neuroblastoma in infants.  

   •      Low stage and good biology tumors.  

   •      Excellent cure rates for tumors detected by screening.  

   •      Over treatment of patients and burden of therapy.  

   •      Psychological distress to families.  

   •      No reduction in the incidence of aggressive tumors in older 
children.  

   •      No decrease in overall mortality from neuroblastoma.     

  Box 12.8    Neuroblastoma key facts  –  surgery 

        •      Image - defi ned risk factors (IDRFs) are important to decide if 
attempts should be made for surgical resection of localized 
neuroblastoma tumors.  

   •      For localized tumors (L1 and L2) there are three possible 
treatment options:  

  (1)     immediate complete tumor excision with no need for 
subsequent therapy (L1);  

  (2)     near - complete excision followed by adjuvant therapy in 
selected patients (this occurs very rarely);  

  (3)     No attempt at excision if the tumor has IDRFS (L2). 
These patients receive chemotherapy to attempt to shrink 
the tumor.    

   •      For patients with stage M disease, surgery following clearance 
of metastatic deposits with chemotherapy is believed to help 
in local control.  

   •      For patients with L2 with poor prognosis features surgery 
following chemotherapy is believed to help in local control.     



Chapter 12 Neuroblastoma

177

 Single agent phase II studies have demonstrated the effective-
ness of various chemotherapy agents such as vincristine, cyclo-
phosphamide, cisplatin, carboplatin, doxorubicin, etoposide, and 
melphalan in the treatment of neuroblastoma and these have 
become key agents in induction treatment of current protocols 
 [101 – 103] . More recently topotecan, irinotecan, and temozolo-
mide have been demonstrated to be active  [104] . 

 The initial chemotherapy combinations included vincristine, 
cyclophosphamide with doxorubicin or dacarbazine  [105, 106] . 
However, long - term results were disappointing for children with 
aggressive disease over the age of one year. 
   •      The introduction of cisplatin and epipodophyllotoxin - based 
regimens in the 1980s for the treatment of advanced neuroblas-
toma improved response rates and outcome  [107] .  
   •      One of the fi rst regimens to use these agents combined standard 
doses of vincristine, cisplatin, cyclophosphamide, and teniopo-
side [OPEC].  
   •      Complete response rates in the bone marrow, by the standards 
then used, exceeded 80% and a number of patients achieved 
durable remission  [108] . The French group used alternating 
sequence of non cross - resistant drugs cisplatin and tenioposide 
(PE) with cyclophosphamide, vincristine, and doxorubicin 
(CADO) and obtained an overall response rate of 96% (by 1987 
criteria)  [109] .    

 The goal of induction therapy is to induce reduction in tumor 
bulk at both primary and metastatic sites. A retrospective study 
of 44 clinical trials over 25 year period suggested that maximum 
dose intensity of selective drugs over a short duration may 
improve outcome of poor risk neuroblastoma  [110] . This was 
particularly relevant to platinum and epipodophyllotoxin 

of tissue for histological analysis and are not appropriate. In 
metastatic tumor, fi ne needle aspirates may provide adequate 
information for genetic analysis. 

 The conventional approach is delayed surgical resection fol-
lowing chemotherapy that causes tumor shrinkage. As the degree 
of resection is believed to be prognostic in poor prognosis tumors 
(see later) complete excision is the aim. Study by Kushner  et al . 
in 1996 suggested that non - stage 4 patients without  MYCN  
amplifi cation can be spared cytotoxic therapy because residual 
post - surgical or recurrent biologically favourable (triploidy and 
non - amplifi ed  MYCN ) neuroblastoma rarely evolves into lethal 
stage 4 disease  [90] . 

 For stage 4 neuroblastoma patients less than 18 months old, 
initial biopsy of the primary tumor is mandatory in view of the 
increasing importance of the molecular pathology. For infants 
with stage MS disease, excision of the primary tumor is not indi-
cated  [91, 92] . Biopsy is also recommended for patients over the 
age of 18 months. Biopsy should be associated with minimal 
morbidity and often done at the time of insertion of venous 
access. In stage 4 disease, the standard approach is to attempt 
surgical resection of the primary tumor after there has been a 
response to chemotherapy at the metastatic sites, particularly the 
bone marrow. Many studies have shown benefi cial effects of 
surgery on survival in stage 4 disease  [93 – 99] ; and the aim should 
be complete resection. In one retrospective review the impact of 
complete resection in stage 4 diseases seemed less with the use of 
recent more aggressive chemotherapy. There remained, however, 
signifi cant benefi t for  MYCN  amplifi ed tumors  [100] . 

 As a general principle, intensive local therapy, i.e. attempted 
total surgical resection and local radiotherapy, is utilized for high -
 risk disease. This is based on the data that in North America, with 
intensive local therapy, there is a local recurrence rate of less than 
10%, compared with Europe where with historically, less aggres-
sive surgery and no radiotherapy there is a local recurrence rate 
of 40%.   

  Role of  c hemotherapy in  n euroblastoma 
(Box  12.9 ) 

  Induction  t herapy 
 The current practice is to use combination chemotherapy, as 
 ‘ induction ’  therapy, for treatment of patients with unresectable 
localized disease with unfavourable histological or biologic fea-
tures or those with stage 4 diseases.   

 There are signifi cant challenges attempting to compare differ-
ent induction regimens; there have been substantial changes in 
the techniques used and the thoroughness of application of these 
methodologies. Initially, bone marrow sampling procedures 
varied greatly and more recently MIBG scanning techniques and 
scoring vary. Furthermore, it is diffi cult to compare EFS and OS 
rates between different published induction regimens as the 
infl uence of myeloablative therapy, local treatment, and differen-
tiation therapy have to be considered. 

  Box 12.9    Neuroblastoma key facts  –  chemotherapy. 

        •      There are a number of induction regimens in current use 
 –  COJEC followed by TVD and cyclophosphamide and 
topotecan; cyclophosphamide, doxorubicin, and vincristine 
(CAV); cisplatin and etoposide (P/E). No randomized study 
has compared them.  

   •      Consolidation therapy with high dose therapy and stem cell 
rescue signifi cantly improves outcome in patients with stage 4 
neuroblastoma over 1 year.  

   •      Various conditioning regimens have been used: busulphan 
and melphalan, or carboplatin, etoposide and melphalan are 
the two most widely used. At present SIOPEN is conducting a 
randomized study comparing them.  

   •      A randomized trial has not shown any benefi t of 
immunomagnetically purged stem cells as compared with 
non - purged stem cells.  

   •      Currently no role for allogeneic transplantation has been 
demonstrated.     
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For patients with stage 4 disease over the age of 1 year, the 5 year 
EFS was signifi cantly better for the melphalan treated group (33% 
vs 17%)  [122] .  
   •      In a multi - centre study conducted by the American Children ’ s 
Study group, the role of HDT followed by purged ABMT was 
tested in a randomized fashion. The three year EFS was signifi -
cantly better for patients assigned to receive ABMT compared 
with those who received continuation of chemotherapy  [123] . A 
recent report has confi rmed that the benefi t of HDT is main-
tained with time and that HDT and hematopoietic cell rescue 
results in a signifi cantly better fi ve - year EFS and OS than non -
 myeloablative chemotherapy  [124] .  
   •      A randomized study of 295 patients receiving ABMT with car-
boplatin, etoposide, melphalan (CEM) conditioning versus oral 
maintenance chemotherapy with cyclophosphamide showed 
better results for patients receiving megatherapy (3 year EFS 47% 
vs 31%)  [125] .    

 Various agents have been used as conditioning regimens prior 
to autologous bone marrow or peripheral stem cell transplanta-
tion. combination of melphalan and total body irradiation (TBI) 
was used by Pole  et al.  in 1991  [126] . A combination of vincris-
tine, melphalan, and total body irradiation was used by Philip 
 et al .  [120] . A combination of carmustine (BCNU), tenioposide, 
and melphalan was used by Hartmann  et al .  [127] . Regimen have 
used vincristine, melphalan, etoposide, and carboplatin given 
over fi ve days  [128]  or over a single day  [129] . Busulphan and 
melphalan combination was used in Europe  [130, 131] .In a mul-
tivariate analysis of over 200 patients treated at one institution in 
Europe busulphan and melphalan was found to result in a supe-
rior EFS  [131] . Therefore busulphan and melphalan has been 
adopted as  ‘ the gold standard ’  European myeloablative regimen. 
In North America carboplatin, etoposide, and melphalan has 
been developed and refi ned in a number of studies and is the 
COG  ‘ gold standard ’   [123, 132] . 
   •      The current SIOPEN high - risk neuroblastoma study (HR NB1) 
is testing the two approaches in a randomized study. The hypoth-
esis is that busulphan and melphalan results in a superior 3 year 
EFS than CEM as myeloablative therapy.  
   •      A retrospective multivariate analysis of 546 patients on the 
European bone marrow transplant (EBMT) registry from 1978 
to 1992 was conducted to evaluate factors affecting EFS in stage 
4 neuroblastoma patients over the age of 1 year who received 
myeloablative therapy. Two adverse prognostic factors were per-
sistent bone marrow disease and persistent skeletal involvement 
(bone scan/MIBG san positive)  [133] .  
   •      In a recent large report from the EBMT of 4098 patients, 
 ‘ the quality of remission ’  was a signifi cant prognostic factor. 
Also BMT with busulfan – melphalan conditioning in fi rst remis-
sion achieved an OS of 48% compared with all other regimens 
 [134] .    

 The concept of repeating HDT with hemopoietic stem cell 
rescue on two occasions was fi rst investigated by the LMCE group 
in France in the late 1980s  [135] . More recently promising results 
have been observed in pilot studies with tandem cycles of HDT 

compounds. However, a critical review of published data did not 
substantiate any effect of dose intensity on a number of patients 
who responded when bone marrow was used as a measure of 
metastatic disease  [111] . A rapid schedule in which chemother-
apy was administered every 10 days was developed  [112] . 

 ENSG5 compared the outcome and toxicity of increased dose 
intensity in induction chemotherapy in patients with stage 4 neu-
roblastoma in a randomized study. A rapid schedule adminis-
tered over 10 days (COJEC, cisplatin, vincristine, carboplatin, 
etoposide, and cyclophosphamide) was compared with OPEC -
 OJEC (same fi ve drugs) given every 21 days. Both EFS and OS 
were better with the rapid regimen compared with the standard 
regimen, but only the 5 year EFS reached statistical signifi cance. 
In addition the rapid (COJEC) regimen achieved a higher overall 
complete response and very good partial response rate compared 
with the Standard regimen with less poor responders and pro-
gressions  [113] . Earlier administration of myeloablative therapy 
might have also contributed to the improved outcome  [114] . 

 The Memorial Sloan Kettering Cancer Centre (MSKCC) pro-
tocols have used non - cross - resistant drug combinations: high 
dose cyclophosphamide (70   mg/kg/day  ×    2) plus doxorubicin and 
vincristine (CAV) with high doses of cisplatin (50   mg/m 2 /d  ×    4) 
and etoposide (P/E) to achieve rapid cytoreduction in order to 
avert drug resistance. Reduction from seven courses to fi ve 
courses still retained high response rate with lower toxicity  [115] . 

 Currently SIOPEN employs the COJEC regimen for induction 
therapy with topotecan, vincristine, and doxorubicin  [116]  for 
patients who fail to achieve adequate response following induc-
tion therapy. COG ’ s previous induction therapy (A3973) was 
based on the MSKCC protocol with four courses of CAV and two 
courses of P/E  [117] . COG ’ s current induction protocol com-
prises two courses of cyclophosphamide and topotecan, two 
courses of CAV, and two courses of P/E. There have only been 
two randomized studies of induction therapy  [113, 118]  and 
there is a major need for mores such studies to determine the 
optimum induction therapy.  

  Consolidation  t herapy and  r ole of  h igh  d ose  t herapy 
( HDT ) ( m yeloablative  t herapy), and  h emopoietic  s tem 
 c ell  r escue 
 The aim of consolidation therapy is to eliminate any residual 
tumor. Melphalan was the fi rst drug chosen, as its main toxicity 
at conventional doses is myelosuppression and this could be 
overcome by autologous bone marrow transplantation (ABMT). 
The fi rst published study on use of high dose melphalan with 
ABMT concluded that the median survival was longer than the 
historical compared group  [119] . Subsequently, several single 
arm studies confi rmed a trend towards improved survival in 
high - risk neuroblastoma patients  [120, 121] . 
   •      Three randomized studies have evaluated the role of high dose 
chemotherapy as consolidation therapy in stage 4 neuroblastoma. 
In the ENSG 1 trial of the European Neuroblastoma Study Group 
conducted between 1982 and 1985, patients were randomized to 
receive high dose melphalan with ABMT or no further therapy. 
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  Intra -  o perative  r adiotherapy ( IORT ) 
 IORT has been found to achieve good local control after gross 
total resection of tumor in high - risk neuroblastoma patients, but 
as the sole radiotherapy to the primary it was inadequate for 
patients with extensive adenopathy or a sub - total resection of 
tumor  [145] . 

 In a recently published study, long - term outcomes and toxici-
ties of intra - operative radiotherapy were studied in 31 high - risk 
neuroblastoma patients. The three - year local recurrence rate was 
15%. Approximately 20% of patients developed vascular compli-
cations or hypertension  [146] .  

  Radiotherapy in  i nfants 
 There is now general consensus that radiotherapy should be 
avoided in non high - risk infants with neuroblastoma. In a retro-
spective study in infants with neuroblastoma, locoregional 
control was excellent regardless of whether radiotherapy was 
used. Patients who received radiotherapy had signifi cant long -
 term toxicity  [147] . A Pediatric Oncology Groups (POG) study 
in infants also showed excellent results in infants with minimal 
chemotherapy and resection without radiotherapy  [148] . 
Radiotherapy has in the past been used to control life - threatening 
symptoms in stage 4S disease, but chemotherapy, especially car-
boplatin and etoposide, are more effective and have less long -
 term side effects.  

  Localized  n euroblastoma  o ver the  a ge of 1  y ear 
 For patients with Stage 1 and 2 neuroblastoma, irrespective of 
age, there is generally no role for RT  [149] . In a POG randomized 
trial of children over the age of 1 year old with lymph node 
involvement (POG group C patients, i.e. completely or incom-
pletely removed primary tumor with unattached nodes positive), 
RT to the primary tumor bed and regional nodes resulted in 
improved overall and disease free survival  [150] . The signifi cant 
difference in survival remained when adjusted for the Shimada 
classifi cation. 

 For stage 3 disease with undifferentiated or poorly differenti-
ated histology, the outcome is poor without radiotherapy, HDT, 
and 13  -  cis - retinoic acid (13 - cis - RA). It has been suggested that 
radiotherapy, HDT, and 13  -  cis - RA improves outcome (5 - year 
EFS 80%, 100% OS)  [151] . SIOPEN is exploring if a good 
outcome can be achieved with localized EBRT and 13 - cis - RA 
without HDT.  

  Role of  r adiotherapy in  s tage 4  d isease 
 Studies have shown that patients over the age of 1 year with stage 
4 disease benefi t from intensive multimodality treatment  [152] . 
In a CCG trial, the rate of local relapse after purged ABMT was 
not affected by the administration of local radiation (26% with 
radiation vs 31% without). However, only patients with gross 
residual disease were treated with radiation and the dose was only 
10   Gy  [153] . The role of EBRT on EFS and OS in stage 4 patients 
treated with the NB97 trial was retrospectively analyzed. Patients 
with residual disease were given intensifi ed EBRT (36   Gy). EBRT 

resulting in a 5 year EFS of 50%  [136] . This approach is now 
being explored in a randomized study being planned by COG. 

  Purged  v ersus  n on -  p urged  m arrow 
 The value of purging bone marrow for neuroblastoma cells has 
been debated for many years. However, a recently published ran-
domized phase 2 trial of myeloablative autologous peripheral 
blood cell transplant for high - risk neuroblastoma using immu-
nomagnetically purged versus unpurged peripheral blood stem 
cells (PBSC) in 489 patients did not impact on EFS or OS at 2 
years  [137] .  

  Autologous  v ersus  a llogeneic 
 In a non - randomized comparative study between allogeneic 
versus purged ABMT for high - risk neuroblastoma, there was no 
statistically signifi cant difference in the survival (progression free 
survival 25% vs 49% at 4 years)  [138] .    

  Radiotherapy in  n euroblastoma 

 Neuroblastoma is a radiosensitive tumor and this has been con-
fi rmed with both  in vitro  and  in vivo  studies  [139 – 141] . Radiation 
therapy can be administered by: 
   •      External beam radiotherapy: standard therapy or hyperfrac-
tionated therapy.  
   •      Intra - operative radiotherapy.  
   •      Targeted radiotherapy as MIBG therapy.    

 The role of radiotherapy will be discussed in: 
   •      Infants.  
   •      Localized disease.  
   •      Stage 4 disease.  
   •      Radiotherapy as palliation.  
   •      Radiotherapy as conditioning regimen for HDT.    

  External  b eam  r adiotherapy ( EBRT ) 
 This is the conventional method of administering radiotherapy. 
Most centres use standard once daily radiotherapy. There is 
general debate about optimum dose but the benefi t of low doses 
( ≤ 20   Gy) has been previously demonstrated  [142] . The total dose 
has also been adapted to tumor burden by some groups and 36   Gy 
as intensifi ed EBRT was used in a German study. 

  Hyperfractionated  r adiotherapy 
 In this method, radiotherapy is given over more that one dose 
per day. Studies have used pre - transplant hyperfractionated radi-
otherapy to local sites but generally radiotherapy is given after 
recovery from high dose chemotherapy  [143] . This ensures better 
tolerance of the high dose chemotherapy. Hyperfractionated 
radiotherapy has also been suggested to be useful in children with 
stage 4 disease in combination with multimodality treatment 
 [144] . No study has compared the role of standard versus hyper-
fractionated radiotherapy (RT) in a randomized method.   
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quate surgical resection of the tumor, and to avoid toxicity of 
combination chemotherapy at diagnosis prior to surgery in 
patients with advanced neuroblastoma. Thirty - one patients were 
treated and 70% had complete or  > 95% resection of primary 
tumor or did not require surgery. The toxicity was considerably 
less except for mild thrombocytopenia  [162] . In a further expan-
sion of the study on 44 patients, a 66% objective response rate 
was observed in children following two cycles of MIBG therapy 
as induction therapy  [163] . MIBG therapy has also been com-
bined with chemotherapeutic agents in the fi rst line treatment of 
neuroblastoma  [164] . It has been found to be well tolerated. 
However, treatment with MIBG needs detailed dosimetry and 
planning and is challenging at diagnosis.  

  As  c onsolidation  t herapy 
 A retrospective analysis of the German 97 trial failed to show an 
independent benefi t of MIBG therapy as consolidation treatment 
when HDT was used as well  [165] . MIBG therapy has been incor-
porated in the conditioning regimen for high dose chemotherapy 
and ABMT and no clear benefi t is evident as yet  [166, 167] . 

 A recent study has shown the feasibility and tolerability of two 
consecutive MIBG therapies at two week intervals with hemat-
opoietic stem cell rescue. The recommended dose was 36   mCi/kg 
which could be taken forward into Phase III studies  [168] . There 
is international interest in the use of  131 I - MIBG therapy as con-
solidation therapy for adolescent neuroblastoma.  

  Recurrent  d isease 
 MIBG therapy has been used for children with recurrent stage 4 
neuroblastoma after previous treatment with chemotherapy and 
high dose chemotherapy. Of the 36 patients treated by the 
Amsterdam group, complete remission could be obtained and 
considerable prolongation of life was achieved but there were no 
long - term survivors after 4.5 years  [169] . The palliative effect is 
considerable as there is no pain and minimal side effects. MIBG 
therapy has also been used following combination chemotherapy 
in relapsed or resistant neuroblastoma  [164] .    

  Differentiating  t herapy and  n euroblastoma 

 When neuroblastoma cell lines are exposed to trans - retinoic acid 
or cis - retinoic acid  in vitro , they exhibit decreased proliferation, 
decreased expression of the  MYCN  oncogene, and morphologic 
differentiation  [170 – 172] . Cis - retinoic acid was chosen for clini-
cal study in view of its lower toxicity and more favourable phar-
macokinetics. Cis - retinoic acid has higher peak levels and much 
longer half - life when compared with Al - tran - retinoic acid and 
the levels are maintained consistently throughout course of treat-
ment  [173] . 

 In the fi rst clinical study, 13 - cis retinoic acid was administered 
at 100   mg/m 2 /day in 28 patients with advanced refractory neu-
roblastoma patients. Only two patients demonstrated positive 

was found to be effective in highly intensive treatment of stage 4 
patients  [154] . The effect of local radiotherapy administered to 
primary disease sites in patients with high - risk neuroblastoma 
was studied in 539 patients enrolled on the CCG - 3891 protocol. 
All patients were given 10   Gy of EBRT to gross residual disease 
following surgery and randomized to receive continuation chem-
otherapy or ABMT with TBI conditioning. Five year loco - regional 
relapse rate was signifi cantly lower for patients who received TBI 
and HDT (51% vs 33%)  [155] .  

  Radiotherapy as  p alliation for  c ontrol of 
 p ain and  s ymptoms 
 Radiotherapy has been used in palliation of patients with soft 
tissue masses, bony masses, brain metastasis, and liver metastasis 
in patients with neuroblastoma  [156] . Radiotherapy is highly 
effective in this setting especially in controlling pain and can be 
administered in one fraction.  

  Radiotherapy to  r elieve  s ymptoms of 
 s pinal  c ord  c ompression 
 Radiotherapy is effective in producing decompression in patients 
with spinal cord compression  [157]  and should be considered as 
an option.  

  Radiotherapy  a s a  c omponent of  HDT  
 TBI has been a component of a number of HDT regimens. The 
benefi t of including TBI has not been proven in randomized 
studies and the acute -  and long - term morbidity and mortality 
associated with its use can be substantial  [120, 158] , and therefore 
it is no longer used.  

  Targeted  r adiotherapy 
  131 I - MIBG has a high tumor/non - tumor ratio and its relatively 
long intra - tumoral biological half - life is important for its thera-
peutic use. To offer MIBG treatment to patients, the patients have 
to be nursed in isolation facilities after adequate thyroid blockage 
with iodide. Although  131 I - MIBG has been shown to be an active 
therapeutic modality in neuroblastomas for over 20 years  [159, 
160]  it has not found its role in frontline therapy of newly diag-
nosed patients. This is due to the technical diffi culties in admin-
istering the agent and that only a few centres can undertake this 
therapy. There is a need for a randomized study to establish the 
role of MIBG therapy. However, this is hampered by logistic 
diffi culties. 

 MIBG therapy can be used in three different ways: 
   •      First - line therapy.  
   •      Consolidation therapy.  
   •      Recurrent disease.    

  As  fi  rst  l ine  t herapy 
 The role of  131 I - MIBG in the initial management of high - risk 
neuroblastoma was fi rst explored in 1994  [161] . The objective of 
this approach was to reduce the tumor volume, enabling ade-
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improve survival for patients with high - risk disease  [179]  (Box 
 12.10 ).   

  Incidence 
 The incidence of neuroblastoma in infants is higher than clini-
cally apparent. Neuroblastoma ( in situ  neuroblastoma) were 
found incidentally in infants who died of unrelated causes at a 
much higher frequency than clinically evident tumors  [180] . 
With the common use of ultrasound during pregnancy, there are 
more reported cases of perinatal neuroblastoma. 
   •      These patients have low stage disease,  MYCN  non - amplifi ed 
tumors and predominantly adrenal origin.  
   •      A period of observation is important as they could regress 
spontaneously  [181, 182] .  
   •      Analysis of an Italian neuroblastoma registry on antenatally 
detected neuroblastoma confi rmed that most cases had good 
biology tumors and only those with unfavourable features should 
undergo surgical resection  [183] .    

 Screening for raised urinary catecholamines also resulted in a 
higher detection rate for infant neuroblastoma without decrease 
in number in the later years and in their natural course, these 
tumors would have spontaneously regressed  [184] . 

  Age  c ut -  o ff 
 Previous studies have shown that infants under the age of 1 year 
have a more favourable prognosis than children over 1 year old 
 [185] . Historically, the age of 1 year was considered for risk strati-
fi cation and prognostication. However, two studies observed that 

clinical response  [174] . However, a phase I study of 13 - cis - RA 
using an intermittent schedule, with two equally divided doses 
being given daily for 2 weeks followed by 2 weeks of rest period, 
reported responses in four out of 10 evaluable patients. This study 
also confi rmed the maximum tolerated dose of 13 - cis - RA to be 
160   mg/m 2 /day in two divided doses. The dose - limiting toxicities 
were hypercalcemia and a combination of skin, gastrointestinal, 
and hematological toxicities  [175] . This study also confi rmed that 
13 - cis - RA is well tolerated in children following HDT and has a 
possible role in a minimal residual setting. 

 In the ENSG study conducted from 1989 to 1997, patients with 
stage 3 and stage 4 neuroblastoma were randomized to receive 
either low dose daily cis - retinoic acid (0.75   mg/kg  –  approxi-
mately 22.5   mg/m 2 ) or placebo after completion of therapy. 
Maximum duration of retinoid therapy was 4 years or until 
relapse. This study did not show any signifi cant benefi t of cis -
 retinoic acid given in this schedule  [176] . In the CCG study, 
13 - cis - RA was given intermittently for two out of every four 
weeks at a higher dose of 160   mg/m 2  in two divided doses. 
   •      The EFS at three years was signifi cantly better among the 130 
patients who were assigned to receive 13 - cis - RA compared with 
128 patients assigned to receive no further therapy (46% vs 29%) 
 [123]  and the effect was maintained at 5 years  [124] .  
   •      The main difference in the CCG and ENSG study was the dose 
and schedule used.  
   •      Other differences, which may have infl uenced the outcome, 
include the later start of the 13 - cis - RA in the European trial 
(median of 341 days from diagnosis), compared with an average 
of 290 days in the CCG study.  
   •      Beginning 13 - cis - RA relatively soon after cytotoxic therapy, 
before tumor cells can begin to grow, may be critical for this agent 
to be most effective. The greater effi cacy of 13 - cis - RA against 
minimal disease (compared with a larger tumor burden) is sup-
ported by the fact that the CCG study showed that the most 
signifi cant effect of the 13 - cis - RA was in children in apparent 
complete remission, with no signifi cant difference seen when the 
analysis was restricted to those in partial remission  [177] .    

 Based on the CCG study 13 - cis - RA is now considered standard 
therapy for high - risk neuroblastoma. However, there have been 
no randomized studies determining if six courses is the optimal 
duration of treatment. Furthermore, substantial interindividual 
variation in pharmacokinetics have been demonstrated and sig-
nifi cantly lower plasma levels if the 13 - cis - RA is administered 
after opening the capsules  [178] .  

  Neuroblastoma in  i nfants 

 Although infants with neuroblastoma generally have a more 
benign clinical course, there are subsets of infants who can have 
aggressive disease and poor outcome. It is therefore of paramount 
importance to defi ne risk groups and stratify treatment based on 
that. This would minimize therapy for patients with low risk 
tumors, improve therapy for patients with intermediate risk, and 

  Box 12.10    Key facts  –  neuroblastoma in infants. 

        •       MYCN  amplifi cation is a major prognostic factor  –  85 % 
survival without amplifi cation compared with 25% survival 
with  MYCN  amplifi cation.  

   •      The concept of stage 4S has been enlarged to include patients 
with an unresectable (stage 3), MYCN non - amplifi ed primary 
tumor and metastases excluding those to the lung, central 
nervous system, and bone.  

   •      Metastatic  MYCN  non - amplifi ed infants require no 
chemotherapy or only a short course.  

   •      Regression of unresectable  MYCN  non - amplifi ed 
neuroblastoma has been documented in about 50% of 
patients.  

   •      Infants with  MYCN -  amplifi ed neuroblastoma should be 
treated as high - risk disease on the same protocol as children 
with stage M over 18 months of age.  

   •      Pan genomic analysis on all infants with neuroblastoma may 
confi rm the suggestion that those tumors with whole -
 chromosome copy number gains without segmental 
alterations require no therapy including surgery.     
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of hyperdiploidy in  MYCN  non - amplifi ed metastatic patients 
between 12 and 18 months may indicate that HDT is not required 
for cure. Further developments and the ability to undertake pan 
genomic analysis on all infants with neuroblastoma may confi rm 
the suggestion that those tumors with whole - chromosome copy 
number gains without segmental alterations require no therapy 
and this may include no surgery  [63] .   

  Neuroblastoma in  a dolescents 

 Neuroblastoma is rare beyond 5 years. Only 3% of neuroblast-
oma cases occur over the age of 10 years. Survival of patients 
under and over the age of 6 years was analyzed in a retrospective 
study from 1975 to 1992. Children over the age of 6 years tended 
to have  MYCN  non - amplifi ed tumors. The patients also had an 
indolent course  [191] . In another retrospective study, the pres-
entation, biologic features, and outcome of adolescent and adult 
patients with neuroblastoma were compared to childhood neu-
roblastoma. Sixteen patients were identifi ed over the age of 13 
years (13 – 33 years). Less than 50% patients had raised urinary 
catecholamines and none of the six patients tested had  MYCN  
amplifi cation. Several of these patients had long courses from 
diagnosis to death, with multiple recurrences and/or chronic, 
persistent disease suggesting different biology and behaviour 
 [192] . Similar conclusions of a slowly progressive disease have 
been demonstrated in other studies  [193, 194]  (Box  12.11 ).   

 It is envisaged that in the future the genetic profi le of  ‘ adoles-
cent neuroblastoma ’  can be defi ned. A more recent study con-
cluded that high - dose chemotherapy and surgery can achieve a 
minimal disease state in over 50% of older neuroblastoma 
patients. Local RT, and cis - retinoic acid, may improve the poor 
prognosis of these patients  [195] . Myeloablative therapy probably 
has a role. Currently, proposals are in place to assess the role of 

children between the age of 12 and 18 months had comparable 
survival to those under the age of 1 year provided the tumor was 
not  MYCN  amplifi ed  [46, 186] . 
   •      Further analysis of the POG and CCG data on 3666 patients 
confi rmed that patients less than 460 days old had a 4 - year EFS 
of 82% compared with 42% for those over 460 days  [82] . 
Graphical analysis revealed the continuous nature of prognostic 
contribution of age to outcome.  
   •      Separate analysis of German data concurred with this  [187] . 
Analysis of non - COG patients within the INRG cohort supports 
the optimal age cut - off to be between 15 and 19 months and for 
future stratifi cation will be accepted as 18 months (547 days) 
 [18] .    
 However, for patients with diploid, stage M,  MYCN  non - ampli-
fi ed tumor, the Task Force have elected to use the more conserva-
tive age cut - off of 12 months (365 days).   

  Treatment 
 SIOPEN have recently enlarged the concept of stage 4S to include 
those patients less than 12 months with an unresectable (stage 3), 
 MYCN  non - amplifi ed primary tumor and metastases excluding 
those to the lung, central nervous system, and bone  [188] . 

 For treatment purposes infants can be divided into 4 broad 
groups: 
  (1)     Patients with localized MYCN non - amplifi ed disease. Surgery 
may be the only treatment necessary for L1 tumors. There is an 
excellent prognosis for L2 tumors when treated with surgery and 
a short course of chemotherapy. The GPOH has followed  ‘ a wait 
and watch strategy ’  after confi rmation of histology and biology 
of the tumor. In almost 50% of patients observed with gross 
disease, spontaneous regression was observed  [189] . This suggests 
that chemotherapy may not be needed in the majority of patients.  
  (2)     Patients with Stage 4/4S tumors without MYCN amplifi ca-
tion without lung, central nervous system or bone metastases. 
These metastatic patients, with no radiological bone abnormali-
ties have an excellent survival ( > 95%) with no therapy or one or 
a few courses of carboplatin/etoposide to treat life -  or organ -  
threatening symptoms  [188] .  
  (3)     Patients with stage 4 disease without MYCN amplifi cation 
with lung, central nervous system, or bone metastases. These 
patients have an excellent survival (OS    >    95%) with only four 
courses of chemotherapy (carboplatin /etoposide and cyclophos-
phamide/doxorubicin/vincristine)  [188] .  
  (4)     Patients with MYCN amplifi cation. In contrast, infants with 
MYCN - amplifi ed neuroblastoma had a very poor prognosis (2 
year EFS 29%) despite HDT but with relatively non - intensive 
induction therapy  [190] . The consensus is that in the future this 
group should be treated on high - risk protocols, similar to chil-
dren over the age of 1 year with stage 4 disease (chemotherapy, 
surgery, radiotherapy, high dose chemotherapy, differentiation 
therapy).    

 In the future, therapy for infants can be guided by additional 
genetic features. The presence of 11q aberration in MS patients 
may require therapy, even if there are no symptoms. The presence 

  Box 12.11    Key facts neuroblastoma  –  adolescent 
neuroblastoma. 

        •      Of patients with neuroblastoma 3% are above 10 years of age.  

   •      Patients tend to have failure to achieve a complete response.  

   •      Slow progression.  

   •      Very poor survival.  

   •      Poor survival for localized L2 unresectable disease.  

   •      Histology  –  ganglioneuroblastoma  –  nodular, undifferentiated 
or poorly differentiated.  

   •      Low frequency of  MYCN  amplifi cation.  

   •      High frequency 11q aberration.  

   •       ‘ Adolescent ’  neuroblastoma probably occurs in younger 
children.     
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occur, but therapy directed at immunosupression is usually 
needed. There are no large therapeutic studies in OMS. A 
number of therapeutic approaches may been described including 
the use of various steroids, including pulses  [207] , ACTH, 
immunoglobulins, azathioprine, rituximab  [208] , plasmapher-
esis  [209] , and cyclophosphamide, either given alone or in com-
bination. Therapy with rituximab shows promise. However, 
there is no objective data demonstrating that these are effective 
in altering the outcome. Currently a COG study is in progress 
and one is in the fi nal stages of planning by the Opsoclonus 
Myoclonus Collaboration Group (SIOPEN, GPOH and EPNS 
[European Paediatric Neurology Society]). In this, therapy is 
sequential. If there is not adequate response with dexametha-
sone, dexamethasone and cyclophosphamide is administered, 
and fi nally dexamethasone and rituximab is used if there is per-
sistent lack of response. There is a major need for an interna-
tional randomized study of OMS.  

  Late  e ffects of  t reatment of  n euroblastoma 

 Survivors of neuroblastoma fall into two broad groups: 
  (1)     Patients treated with surgery alone or surgery with minimal 
chemotherapy. 

 In these patients, the late effects are minimal and are related to 
the site of the primary tumor and surgery. Study on long - term 
survivors of stage 4S neuroblastoma showed that the majority of 
patients had no clinically or radiologically signifi cant sequelae but 
had some residual abnormalities from the tumor  [210]   .  
  (2)     High - risk patients treated with intensive chemotherapy 
including HDT, radiotherapy and surgery. For patients treated 
with intensive regimens, the late effects are related to effects of 
individual drugs and radiotherapy. Platinum compounds are 
used during induction and in some regimen as part of condition-
ing prior to high dose chemotherapy.  

   •      A small study on 11 patients concluded that children 
receiving high - dose carboplatin as part of their conditioning 
regimen for ABMT have a high incidence of speech frequency 
hearing loss  [211] .  
   •      A more recent study concluded that long - term neuroblas-
toma survivors, especially those with hearing loss, are at 
elevated risk for academic learning problems and psychoso-
cial diffi culties. The study also found strong concordance 
between parent - reported learning problems in the child and 
indications of distress in the child ’ s self - reported quality of 
life  [212] .      

 As most neuroblastoma patients have an abdominal primary, 
children who receive radiation can demonstrate effects on fertil-
ity, chronic renal disease, and second neoplasms. Myelodysplasia/
leukemia have been particularly reported with certain dose 
intense regimens  [213] . From the Childhood Cancer Survivor 
Study, the cumulative incidence of second neoplasms at 20 years 
was 1.87%. There were 11 second neoplasms in 897 survivors 
 [214] . Late relapses beyond 5 years have been reported  [215] .  

MIBG therapy in these patients as part of a COG – SIOPEN 
joint study.  

  Opsoclonus –  m yoclonus  s yndrome ( OMS )/ 
 d ancing  e ye  s yndrome 

 OMS or dancing eye syndrome consists of opsoclonus (rapid 
multi - directional conjugate eye movements), a movement disor-
der characterized by a jerky (sometimes myoclonic) ataxia and 
behavioural change, consisting of irritability usually with sleep 
disturbance. There is great variability and not all features are 
necessarily present together  [196] . 
   •      Patients with OMS and neuroblastoma generally have a low 
stage and low risk disease and have an excellent oncological 
prognosis.  
   •      Many patients may not secrete catecholamines  [197]  and may 
not show MIBG uptake.  
   •      There is predominance of paraspinal tumors  [198] .  
   •      Over 90% of patients have favourable histology  [199]  and 
the majority have ganglioneuroblastoma intermixed histology 
with lymphoid infi ltration, which possibly leads to favourable 
outcome  [200] .  
   •      Unfavourable prognostic factors such as  MYCN  amplifi cation 
have only rarely been found in patients with OMS  [201] .    

 However, many patients may experience signifi cant amount of 
late neurological impairment and may have persistent issues with 
speech delay, cognitive defi cits, motor delay, and behavioural 
problems  [198, 202] . 
   •      Neurological outcome seems unrelated to the treatment of neu-
roblastoma  [203] .  
   •      OMS is seen in 2 – 3% of patients with neuroblastoma typically 
between the ages of one and three years  [202] .  
   •      Some studies suggest that in about 50% of patients with OMS, 
a neuroblastoma will be detected  [204] .    

 In the United Kingdom, a prospective study of 25% of cases of 
OMS had a detectable neuroblastoma tumor. There was consid-
erable variation in the imaging protocols used to exclude neurob-
lastoma  [205] . However, investigation using thin - cut CT of the 
thorax and abdomen detected a neuroblastoma tumor in over 
80% of patients with OMS. One hypothesis is that very a large 
proportion of patients with OMS (possibly all) has at one stage 
had a neuroblastoma and the tumor has regressed in a substantial 
proportion. Studies have found that cerebrospinal fl uid (CSF) 
B - cell expansion is characteristic of OMS  [206] . It is thought that 
an immune - mediated mechanism is responsible for the symp-
toms of OMS, specifi cally that the T - cell dependent response to 
tumor - associated antigens leads to subsequent B - cell activation 
and antibody production  [204] . 

 Therapy should be directed separately for the neuroblastoma 
and OMS. Surgery is often the main stay of treatment for neu-
roblastoma for the majority of patients. Decision to give chemo-
therapy depends on the INRG group of the primary tumor. 
Occasional spontaneous resolution of symptoms in OMS may 
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shown that combination therapies with topotecan – cyclophos-
phamide – etoposide and topotecan – etoposide have tolerable tox-
icity and encouraging responses  [220, 221] . An Italian study 
found a 64% response rate with a combination of topotecan, 
vincristine and doxorubicin in relapsed and resistant neuroblas-
toma patients  [116] . Temozolomide has shown activity in phase 
II study in relapsed and refractory neuroblastoma  [222]  and the 
irinotecan and temozolomide combination has shown tumor 
regression in 9/19 patients with refractory disease and 3/17 
patients with relapsed disease  [223] . A 10 - day schedule of irinote-
can – temozolomide has been studied  [224] . However, a 5 - day 
regime was found to have activity comparable with a 10 - day 
irinotecan schedule in relapsed rhabdomyosarcoma  [225] . 
Therefore, a 5 - day temozolomide – irinotecan regimen, which has 
a number of practical advantages, is being taken forward. 
However, none of these combinations have been evaluated in 
randomized Phase II studies and the relative benefi ts in terms of 
activity and toxicity have not been determined.  

  Chemotherapy  a gents 
 ABT - 751, an oral antimitotic agent that inhibits polymerization 
of microtubules, is being explored in neuroblastoma  [226, 227] .  

  Chemotherapy  p otentiating  a gents:  b ortezomib 
 Bortezomib is a selective and reversible inhibitor of the 26S pro-
teasome that modulates cell - signalling molecules leading to 
apoptosis. It shows potent antitumor activity  in vitro  and  in vivo  
against neuroblastoma cell lines. Furthermore there appears to be 
synergy with chemotherapeutic agents, including doxorubicin 
 [228, 229] .  

  Angiogenesis  i nhibitors 
 Angiogenesis is an attractive new target for neuroblastoma treat-
ment  [230] . Studies have shown that increased vascularity of 
tumors correlates with widely disseminated disease and poor sur-
vival  [231, 232] . Also higher levels of pro - angiogenic factors such 
as VEGF - A, VEGF - B, bFGH, Ang - 2 transforming growth factor 
alfa (TGF - alpha), and platelet - derived growth factor A (PDGF -
 A) were found in advanced stage disease compared with low stage 
diseases  [233] . Therefore antiangiogenic therapy is a potential 
therapeutic option and preclinical studies have shown some 
promise  [234] .  

   PARP   i nhibitors 
 Recent evidence suggests that PARP inhibitors increase the effi -
cacy of temozolomide and irinotecan  [235] .  

  Targeted  d elivery of  r adionucleotides 
 As discussed earlier, MIBG therapy has been previously shown to 
be effective in achieving short - term disease control in patients 
with relapsed neuroblastoma  [169] . Myelosuppression was the 
main dose limiting toxicity when multiple MIBG doses were 
given  [236, 237] . A phase I escalation study of MIBG therapy with 
myeloablative chemotherapy and autologous bone marrow 

  Relapsed  n euroblastoma 

 Neuroblastoma normally recurs in multiple sites after ABMT, 
particularly in areas of previous disease  [153] . The commonest 
site for relapse after treatment for all stages of neuroblastoma is 
distant. 
   •      After treatment of stage 4 neuroblastoma, a large Italian study 
confi rmed that almost 60% of recurrences were at distant sites 
alone; 11% at primary sites and 30% had combined recurrences 
 [216] .  
   •      For localized resectable patients, the incidence of local relapse 
alone was higher (31%), 43% at distant sites, and 25% of relapses 
were at local and distant sites  [88] .  
   •      Intrinsic central nervous system (CNS) metastases (brain 
parenchyma or leptomeninges) are not uncommon and there is 
a trend towards increasing recognition in recent years. CNS 
metastases were documented in 16% of children in a retrospec-
tive study which assessed CT scans, MRI scans, CSF cytologies 
and autopsy records  [217] .  
   •      A large retrospective study assessed the rate of CNS recurrence 
over a 15 year period (1985 – 2000). The risk of CNS recurrence 
was 8.0% at 3 years, with no signifi cant change in risk over the 
15 - year period  [218] .    

 Treatment after relapsed neuroblastoma depends on stage of 
disease and previous treatment. For patients with low and inter-
mediate risk and patients with local relapse, there are very good 
curative options using further therapies with surgery, chemo-
therapy, and radiotherapy. However, for patients with aggres-
sively treated high - risk diseases, long - term disease control is very 
challenging.  

  New  t herapeutic  a pproaches 

 The optimum development pathway is that agents are sequen-
tially evaluated in Phase I then II studies, followed by inclusion 
in studies at fi rst relapse or refractory setting, and progressing to 
evaluation in a randomized Phase III study. Between 1990 and 
2007 there were only four new agents which entered the clinic: 
topotecan, irinotecan, temozolomide, and  131 I - MIBG. An exciting 
era is about to commence where there are potentially a number 
of very useful compounds which may become available, some 
of which target the underlying mechanisms that drive 
neuroblastoma. 

 Comparison of the results of different Phase II studies in neu-
roblastoma has been diffi cult due to inconstancies in the popula-
tion of patients entered, endpoints, and response measurements. 
The INRG Task Force has created committee to establish inter-
national agreed criteria. 

  Topotecan – Irinotecan  c ombinations 
 Topotecan and irinotecan  [104, 219]  have been shown to have 
single agent activity in neuroblastoma. Phase II studies have 
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based on a new understanding of the disease would give an 
encouraging outlook for future patients.  
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rescue has shown this to be feasible, with a response rate of 31% 
and survival of 58% for resistant disease  [238] . Current studies 
are exploring a combination of MIBG treatment with radiosen-
sitizers such as topotecan and irinotecan. Combination of MIBG 
with topotecan has been found to have acceptable toxicity in an 
early European study  [239] . In the future no carrier added MIBG 
may increase the therapeutic index  [240] .  

  Immunotherapy 
 GD2 - targeted therapies using various monoclonal antibodies are 
currently being assessed in minimal residual disease in high - risk 
neuroblastoma  [241] .It has been shown that the chimeric human/
murine anti - G(D2) monoclonal antibody (ch14.18) can induce 
lysis of neuroblastoma cells by antibody - dependent cellular cyto-
toxicity and complement - dependent cytotoxicity  [242] . Most 
recent developments include the development of humanized 
antibodies linked to IL2  [243] . 

 There is recent evidence from the Children ’ s Oncology Group 
of North America clinical trial showing that chimeric anti - GD2 
antibody ch14.18 combined with GMCSF and IL2 improves the 
EFS by 20% for high risk neuroblastoma patients when given in 
CR or VGPR after intensive induction and consolidation therapy 
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have led to very inconclusive results. Immunotherapy with 14.18 
antibody IL2 and GMCSF is associated with signifi cant toxicity; 
therefore further well designed studies are needed to improve 
effi cacy and reduce toxicity of immunotherapy.  

  Retinoids 
 Fenretinide is a synthetic retinoid and induces apoptosis in neu-
roblastoma cell lines. A phase I study in children with neuroblas-
toma showed manageable toxicity and 41/53 patients had stable 
disease for a median period of 23 months  [245, 246] . Pharma-
cokinetics support once a day oral administration  [247] .  

  Molecularly  t argeted  a gents 
 These target the underlying mechanisms that drive neuroblast-
oma and include lestaurtinib (tyrosine kinase inhibitor CEP -
 701), aurora kinase inhibitor, ALK kinase inhibitor, IGFR1, and 
PI3 kinase inhibitor. Phase I studies are being planned for these 
agents or have just commenced.   

  Summary 

 Neuroblastoma is a fascinating tumor with a wide disease spec-
trum from spontaneous regression, differentiation, to aggressive 
behaviour. Consequently the treatment options vary from obser-
vation to intensive multimodality treatment regimens. Better 
understanding of the disease and worldwide collaborative studies 
tailoring therapies for different risk groups have resulted in a 
signifi cant improvement in outcome. Developing novel therapies 
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   Introduction 

 Renal tumors of childhood comprise one of the most common 
extracranial malignancies of childhood. A wide variety of onco-
logical and non - oncological conditions can form tumors, and the 
range of diagnoses described when investigating renal tumors are 
presented in Table  13.1 . This chapter will focus on the three most 
common and important conditions in relation to children with 
cancer of renal origin, namely Wilms ’  tumor or nephroblastoma, 
renal rhabdoid tumor and clear cell sarcoma of the kidney.    

  Wilms ’   t umor ( n ephroblastoma) 

 Prior to the introduction of systemic chemotherapy with vincris-
tine and actinomycin - D in the early 1960s, Wilms ’  tumor carried 
a poor prognosis when treated by nephrectomy alone, or by 
nephrectomy plus local radiotherapy, with reported overall sur-
vival rates in the range of 11 – 40%  [3, 4] . Table  13.2  outlines the 
early clinical studies of vincristine and actinomycin - D, and their 
role in establishing that these agents played a role in the palliation 
of advanced disease at diagnosis, and their prevention of the 
development of local and pulmonary relapse when administered 
alongside surgery and radiotherapy. In particular, early clinical 
studies of actinomycin D and vincristine demonstrated that 
(Table  13.2 ): 
   •      Vincristine was as potent as radiotherapy in enhancing the 
operability of Wilms ’  tumor.  
   •      Therapy with vincristine or actinomycin - D resulted in defi nite, 
but short - lived, tumor regressions for children with recurrent 
disease following surgery and radiotherapy.  
   •      Early administration of these agents, in the adjuvant setting 
with surgery and local radiotherapy, markedly improved survival 
rates when compared with historical controls.      

 In the case of actinomycin - D, this improvement in survival was 
greater for children without evidence of metastases at diagnosis, 
and for children less than 3 years of age  [5, 6] . 

 In the setting of disease resistant to therapy with vincristine 
and actinomycin - D, doxorubicin was established in the early 
1970s as an active agent, with a 50% response rate in the single 
agent setting  [7] . Experience of doxorubicin in combination with 
vincristine during the late 1970s established this drug as part of 
the front - line therapy for Wilms ’  tumor  [8] . The subsequent 
refi nement of the role of this anthracycline is described below in 
the context of international collaborative studies. 

 Therefore, these early clinical studies underpinned the modern 
strategies for evaluation of combinations of chemotherapy in 
relation to Wilms ’  tumor, and in particular the early administra-
tion of chemotherapy, especially in the context of minimal resid-
ual disease, as evidenced by the lack of metastases at presentation, 
as an important means to improve the survival of children with 
Wilms ’  tumor. 

  Epidemiology 
 Malignant renal tumors comprise 6% of all childhood cancers, 
with Wilms ’  tumor being the most frequent type (90%) (Box 
 13.1 ). The epidemiology of Wilms ’  tumor is characterized by: 
   •      An annual incidence of 9.1 per million children in Europe 
increasing by 0.7% per year  [9] , and 8.1 per million children in 
North America  [10, 11] .  
   •      A male to female ratio of 0.9.  
   •      Two peaks of incidence, occurring especially for females, at ages 
1 and 3 years, respectively.  
   •      A median age at diagnosis of 3 years for females compared with 
2 years for males  [9] .  
   •      A higher incidence in North America and Europe compared 
with Asia  [12] . Epidemiological studies suggest that ethnicity 
affects the incidence rates more than geographical region of resi-
dence or other environmental factors  [13 – 15] .  
   •      The majority of Wilms ’  tumors are solitary lesions, but approx-
imately 12% of children develop multifocal tumors within a 
single kidney and almost 7% have bilateral involvement at diag-
nosis or later on  [13, 14, 16] .      
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  Table 13.1    Differential diagnosis for renal tumors of childhood  [1, 2]  . 

  Neuroblastoma    Benign teratoma  
  Mesoblastic nephroma    Adrenal haemorrhage  
  Renal cyst    Renal thrombosis  
  Renal cell carcinoma    Renal rhabdomyosarcoma  
  Polycystic kidney    Renal leiomyosarcoma  
  Multi - cystic kidney    Dysplastic kidney  
  Hydronephrosis    Extra - renal leiomyosarcoma  
  Hypernephroma    Multilocular cyst  
  Extra - renal fi brosarcoma    Lymphangiosarcoma  
  Renal carbuncle      

  Table 13.2    Major fi ndings of early clinical trials for Wilms ’  tumor. 

   Study     Disease status     Chemotherapy     Clinical outcome     Reference  

  South West Cancer Study Group 
 13 children  

  Relapse following XRT and 
ACT - D  

  VCR    Short - lived response following vincristine for 
8/13 children  

   [5]   

  South West Cancer Study Group 
 12 children  

  Metastatic disease at 
presentation  

  VCR    Complete regression of metastatic disease at 
presentation  

   [6]   

  South West Cancer Study Group 
 9 children  

  New diagnosis with 
localized disease  

  VCR    Vincristine improves operability rate for Wilms ’  
tumor and 8/9 children remained disease 
free at 2 years of follow up  

   [6]   

  Howard (1965)    New diagnosis with 
localized disease  

  ACT - D    Improvement in survival from 11% for 
historical control to 62% with peri - operative 
ACT - D and delayed local XRT  

   [3]   

  Burgert  &  Glidewell (1967)    New diagnosis with 
localized disease  

  ACT - D    39% of 53 patients treated with surgery and 
XRT alive and free of disease at one year 

 59% of 49 patients who received adjuvant 
ACT - D alive and free of disease at one year.  

   [4]   

   XRT, radiotherapy.ACT - D, actinonmycin - D. VCR, vincristine.   

  Box 13.1    Wilms ’  tumor key facts  –  epidemiology. 

        •      77% of cases are diagnosed prior to 5 years of age  

   •      15% of cases are diagnosed prior to 1 year of age  

   •      7% of cases have bilateral renal involvement, and present at a 
young age  

   •      1% of cases are familial  

   •      12% of cases have an underlying genetic cause/syndrome  

   •      Association with abnormalities of 11p15 and overgrowth 
syndromes in 10% of cases  

   •      Association with abnormalities of 11p13 LOH and WAGR/
Denys - Drash in 4 – 5% of cases     

 Genetic predisposition to Wilms ’  tumor has long been recog-
nized in patients with aniridia and the Wilms tumor, aniridia, 
genitourinary anomalies, and mental retardation syndrome 
(WAGR). Today we know that the genetic bases and molecular 
biology of Wilms ’  tumor is very heterogeneous and more complex 
than anticipated  [17] . All underlying syndromes can be divided 
into overgrowth syndromes and others (Table  13.3 ). As well as 
gene mutations, loss of heterozygosity (LOH) and loss of imprint-
ing (LOI) can be found in tumor cells. In the development of 
Wilms ’  tumor different genes and mutations are involved, making 
it diffi cult to explain pathogenesis by a simple  ‘ two - hit ’  hypoth-
esis. LOH affects most often the genes 1p, 7p, 11p, 16q and 22q 
 [18] . Additional tumor suppressor or tumor - progressive genes 
may lie on chromosomes 16q and 1p as evidenced by LOH for 
these regions in 17% and 11% of Wilms ’  tumors, respectively. 
Patients classifi ed by tumor - specifi c loss of these loci had signifi -
cantly worse relapse - free and overall survival rates  [19] .   

 The genetics of the overgrowth syndromes are complex and 
carry a risk of Wilms ’  tumor in the order of 10%. As with the 

Beckwith - Wiedemann syndrome (BWS) they arise from muta-
tions or abnormalities of imprinting in genes in the 11p15.5 
region with different constitutional epigenotypes between BWS 
and hemi - hypertrophy  [20] . If the analysis of the methylation 
status of several genes in this region will predict an individual risk 
of developing a Wilms ’  tumor, is an open question  [21] . 

 The WAGR syndrome is caused by a complete deletion of one 
copy of the Wilms ’  tumor gene,  WT1  and the adjacent aniridia 
gene,  PAX6  on chromosome 11p13  [22] . In patients with aniridia 
this information helps to identify those patients, who are at risk 
for developing Wilms ’  tumor, by screening them for the com-
bined deletion of  WT1  and  PAX6 .  WT1  is also involved in the 
Denys - Drash syndrome (early onset nephrotic syndrome, Wilms ’  
tumor, and ambiguous genitalia)  [23]  caused by a germ line point 
mutation. A similar constitutional WT1 mutation underlies the 
Frasier syndrome (nephropathy and gonadal tumors)  [24] . It is 
of interest that in only 5% of Wilms ’  tumors a constitutional, and 
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  Clinical  p resentation 
 The typical presentation of a child with a Wilms ’  tumor is an 
asymptomatic mass, and other complaints, signs, or symptoms are 
found in about 20% or less  [30]  (Table  13.4 ). In Germany, in about 
10% of patients, an early diagnosis of Wilms ’  tumor is made during 
regular childhood routine examinations in an asymptomatic 
child  [30] . In addition, Wilms ’  tumor is known to present with: 
   •      Hypertension that is caused by an increase in renin activity and 
is sometimes diffi cult to control  [31] .  
   •      Coagulopathy caused by an acquired von Willebrand syndrome 
 [32] . In most cases an acquired coagulation disorder and the 
hypertension will resolve after tumor nephrectomy.  
   •      Intra - tumoral hemorrhage may occur, resulting in an emer-
gency situation with a rapid abdominal enlargement that requires 
urgent surgery.  

in further 10% a sporadic,  WT1  mutation can be found  [25] . In 
those with germ line mutations bilateral Wilms ’  tumors are more 
frequent  [26] . The WT1 protein functions as a transcription 
factor that is clearly critical for normal kidney development. 
There is a close correlation between  WT1  mutations and the 
histology of stromal predominant tumors with rhabdomyoma-
tous features  [27] . 

 In familial Wilms ’  tumors, accounting for approximately 1% 
of patients, there is usually no associated congenital abnormality 
or predisposition to other tumor types. Genetic linkage studies 
in different families have localized one gene for familial Wilms ’  
tumor,  FWT1 , to chromosome 17q  [28]  and another,  FWT2 , to 
19q. Further  FWT  genes are waiting for identifi cation, for there 
are other families known clearly unlinked to any currently identi-
fi ed Wilms ’  tumor locus  [29] .  

  Table 13.3    Syndromes and genetic loci that are associated with Wilms ’  tumor. 

   Syndrome     Characteristics     Gene     Risk     Link to OMIM  *    

   Overgrowth syndromes   
      Hemihypertrophy    11p15 

 WT2  
  3 – 5%     http://www.ncbi.nlm.nih.gov/entrez/

dispomim.cgi?id=235000   
  Beckwith - Wiedemann 
 EMG - Syndrome  

   E xomphalus 
  M acroglossia 
  G igantismus  

  11p15.5 
 WT2, IGF2, 

H19  

  10 – 20%     http://www.ncbi.nlm.nih.gov/entrez/
dispomim.cgi?id=130650   

  Soto ’ s Syndrome    Rapid growth, acromegalic features Non - progressive 
cerebral disorder with mental retardation  

  5q35 
  NSD1   

       http://www.ncbi.nlm.nih.gov/entrez/
dispomim.cgi?id=117550   

  Simpson - Golabi - Behmel 
Syndrome  

  Post - natal overgrowth 
 Coarse facies 
 Congenital heart defects 
 Other congenital abnormalities  

  Xq26 
  GPC3   

       http://www.ncbi.nlm.nih.gov/entrez/
dispomim.cgi?id=312870   

  Klippel - Trenaunay 
Syndrome  

  Cutaneous hemangiomata 
 Hypertrophy of the related bones and soft tissues  

  5q13.3 
 VG5Q  

       http://www.ncbi.nlm.nih.gov/entrez/
dispomim.cgi?id=149000   

  Perlman    Renal hamartomas 
 Nephroblastomatosis 
 Fetal gigantism  

  ?         http://www.ncbi.nlm.nih.gov/entrez/
dispomim.cgi?id=267000   

   Other syndromes   
      Aniridia    11p13 

 PAX6  
  30%     http://www.ncbi.nlm.nih.gov/entrez/

dispomim.cgi?id=106210   
  WAGR     W ilm ’ s tumor 

  A niridia 
  G enitourinary anomalies 
 Mental  R etardation  

  11p13 
 WT1  

       http://www.ncbi.nlm.nih.gov/entrez/
dispomim.cgi?id=194072   

  Denys - Drash    Nephropathy 
 Wilms ’  tumor 
 Genital anomalies  

  11p13 
 WT1  

  30%     http://www.ncbi.nlm.nih.gov/entrez/
dispomim.cgi?id=194080   

      Genitourinary malformations    11p13 
 GUD  

       http://www.ncbi.nlm.nih.gov/entrez/
dispomim.cgi?id=137357   

  Li - Fraumeni Syndrome    Inherited cancer syndrome    17p13 
 p53  

       http://www.ncbi.nlm.nih.gov/entrez/
dispomim.cgi?id=151623   

  Neurofi bromatosis I 
 Morbus Recklinghausen  

  Cafe - au - lait spots Fibromatous tumors of the skin    17q11.2 
 NF1  

       http://www.ncbi.nlm.nih.gov/entrez/
dispomim.cgi?id=162200   

    *    Online Mendelian Inheritance in Man:  http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=OMIM    
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   •      Extension of tumor and related thrombus may occur to involve 
the inferior vena cava and also the right atrium in 5% of cases 
 [33] . This is rarely a cause of death due to massive cardiac insuf-
fi ciency or can cause pulmonary emboli, but is usually success-
fully managed with initial chemotherapy and then surgery under 
cardiopulmonary bypass.      

 The pattern of presentation with metastatic Wilms ’  tumor, 
which is found for 13% of patients, is illustrated in Figure  13.1  
 [9] .    

  Table 13.4    Symptoms in children with Wilms ’  tumor  [30]  . 

   Symptom     Frequency (%)  

  Asymptomatic    10  
  Asymptomatic mass    56  
  Pain    25  
  Hematuria    18  
  Fever    10  
  Urinary tract infection    6  
  Weight loss    5  
  Constipation    6  
  Enteritis    4  
  Vomiting    6  
  Others    19  

Localized disease  87%

Unilateral  93% 

Bilateral     6% 

Extrarenal  <1% 

Metastatic disease  13%

Lung        62%

Liver        11%

Extraregional lymph nodes  10%

Bone         7%

Others      10%

     Figure 13.1     Sites of presentation for Wilms ’  
tumor at diagnosis and relapse.  

  Investigation and  s taging 
  Imaging for Wilms ’   t umor 
 The imaging modalities of ultrasound, computerized X - ray tom-
ography, and magnetic resonance imaging have all been evaluated 
in the context of the investigation and staging of Wilms ’  tumor, 
and the main features for this are as follows: 
   •      Ultrasound provides a readily accessible imaging modality, 
which is of help in the initial diagnosis of Wilms ’  tumor and also 
the ongoing response to chemotherapy.  
   •      Color fl ow Doppler ultrasound has an overall positive predic-
tive value of almost 75% in assessing the patency and involve-
ment of the inferior vena cava with tumor thrombus  [34] .  
   •      With computed tomography (CT) and magnetic resonance 
imaging (MRI) scan evaluation, Wilms ’  tumor demonstrates a 
characteristic claw sign which is caused by the invasion of the 
kidney by tumor, with a rim of normal renal tissue appearing 
stretched around the adjacent tumor (Figure  13.2 ).  
   •      On gadolinium - enhanced T1 - weighted imaging, Wilms ’  
tumors are hypo - intense in comparison with normal renal tissue 
and are iso - intense to normal renal cortex. The tumors demon-
strate uptake of gadolinium, with an in - homogeneous signal 
intensity  [35] .  
   •      All treatment modalities appear to have a poor correlation to 
histological staging  [36] .      
 Perhaps the main benefi t of pre - surgical imaging is to help detect 
whether or not there is bilateral or Stage V Wilms ’  tumor at 
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     Figure 13.2     (a), Wilms ’  tumor of the left kidney 
demonstrating a characteristic claw sign. 
(b), Pulmonary metastases with Wilms ’  tumor.  

diagnosis. However, the diagnosis of bilateral Wilms ’  was found 
to be missed in some 7% of patients on the National Wilms ’  
Tumor Study Group - 4 trial in comparison with operative fi nd-
ings. However, the majority of tumors that were missed, even by 
CT or MRI scan, tended to be less than 1   cm in greatest dimension 
 [37] . Imaging by chest X - ray and thoracic CT scan is also required 
for the detection and diagnosis of pulmonary metastases and any 
of the imaging modalities can be expected to detect hepatic 
metastases arising from Wilms ’  tumor.  

  Histological  c lassifi cation 
 The histology of Wilms ’  tumor is characterized by a marked 
histological diversity and the tumor is thought to be derived from 
primitive metanephric blastema. In addition to expressing various 
cell types and aggregation patterns seen in the normally develop-
ing kidney, the neoplasms often contain tissues not found in the 
normal metanephros such as skeletal muscle, cartilage and squa-
mous epithelial cells. The classical appearances of a nephroblas-
toma are made up of varying proportions of three cell types 
(blastemal, stromal, and epithelial), but these are not present in 
every case. For anaplastic Wilms ’  tumor, the characteristic ana-
plastic changes of gigantic polypoid nuclei may either be focal or 
diffuse. 

 The revised SIOP working classifi cation of renal tumors of 
childhood  [38]  defi nes the appearance of tumors as ranked by 
their perceived risk for relapse (Table  13.5 ).   

 As well as the histological appearance of nephroblastoma, the 
intensity and duration of treatment for this malignancy treatment 
intensity and duration also depends on staging. For SIOP studies 
this is outlined as presented in Table  13.6 . The effect of initial 
treatment modality on the relative frequency for the staging and 
occurrence of tumor rupture at laparotomy for Wilms ’  tumor is 
shown in Figure  13.3 . The effect of initial treatment modality for 
diagnosis of the histological sub - types for Wilms ’  tumor is shown 
in Figure  13.4 .     

 The staging criteria adopted by the North American Study 
Groups is essentially the same except for the recognition of 
chemotherapy induced changes at lymph nodes or resection 
margins due to the practice for achieving primary nephrectomy 
at diagnosis. The information gained by staging and histological 
subtype forms the basis for the current treatment modalities for 
Wilms ’  tumor as described in the following section, where other 

factors such as tumor size and cytogenetic abnormalities are 
considered.   

  Treatment 
 Dramatic improvements in survival have occurred as the result 
of advances in anesthetic and surgical management, irradiation 
and chemotherapy. Contemporary treatments are based mainly 
on the fi ndings of several multi - center trials and studies con-
ducted by the International Society of Pediatric Oncology (SIOP) 
in Europe and the National Wilms ’  Tumor Study Group 
(NWTSG) (now incorporated into the Children ’ s Oncology 
Group) in North America. Generally speaking, the differing 
investigational strategies adopted by the SIOP and NWTSG trials 
have helped inform contemporary therapies in different ways. 
For example, whereas the NWTSG studies established the impor-
tance of combination chemotherapy, the radiotherapy - sparing 
effect of doxorubicin for stage 3 disease, and the identifi cation 
of subgroups where surgery alone might be possible, SIOP 
studies have sought to establish the role of pre - nephrectomy 
chemotherapy, and pursue response -  and histology - directed 
reductions in treatment duration (Tables  13.7 – 9 ).   

  Table 13.5    Risk - adapted classifi cation for Wilms ’  tumor in relation to initial 
treatment modality. 

   Risk category     Primary nephrectomy     Pre - nephrectomy 
chemotherapy  

  Low    Mesoblastic nephroma 
 Cystic partially differentiated 

nephroblastoma  

  Completely nephrotic 
nephroblastoma  

  Intermediate    Non - anaplastic 
nephroblastoma 

 Nephroblastoma with focal 
anaplasia  

  Nephroblastoma: 
    epithelial type 
    stromal type 
    mixed type 
    regressive type 
 Focal anaplasia  

  High    Nephroblastoma  –  diffuse 
anaplasia Clear cell 
sarcoma 

 Rhabdoid tumors of the 
kidney  

  Nephroblastoma with 
diffusely anaplastic or 
blastemal type histology  
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Primary surgery, SIOP 1, 2

Pre-operative irradiation, SIOP 1

Pre-operative irradiation + ACT-D, SIOP 2, 5

Pre-operative chemotherapy SIOP 5, 6, 9

0 20 40 60 80 100
%

Stage Stage II N0 Stage II N1 & III % tumor ruptures

     Figure 13.3     Stage distribution and tumor ruptures 
in the SIOP studies 1, 2, 5, 6 and 9.  

  Table 13.6     SIOP  criteria for Wilms ’  tumor staging. 

   Stage 1   
  (1) The tumor is limited to kidney or surrounded with a fi brous pseudocapsule if outside of the normal contours of the kidney. The renal capsule or pseudocapsule may be 

infi ltrated with the tumor but it does not reach the outer surface, and it is completely resected (resection margins  ‘ clear ’ ).  
  (2) The tumor may be protruding ( ‘ bulging ’ ) into the pelvic system and  ‘ dipping ’  into the ureter (but is not infi ltrating their walls).  
  (3) The vessels of the renal sinus are not involved.  
  (4) Intrarenal vessel involvement may be present.  
  Fine needle aspiration or percutaneous core needle biopsy ( ‘ tru - cut ’ ) does not upstage the tumor.  
  The presence of necrotic tumor or chemotherapy - induced change in the renal sinus and/or within the perirenal fat should not be regarded as a reason for upstaging tumor 

providing it is completely excised and does not reach the resection margins.  

   Stage II   
  (1) The tumor extends beyond kidney or penetrates through the renal capsule and/or fi brous pseudocapsule into perirenal fat but is completely resected (resection margins 

 ‘ clear ’ ).  
  (2) Tumor infi ltrates the renal sinus and/or invades blood and lymphatic vessels outside the renal parenchyma but it is completely resected.  
  (3) Tumor infi ltrates adjacent organs or vena cava but is completely resected.  

   Stage III   
  (1) Incomplete excision of the tumor which extends beyond resection margins (gross or microscopical tumor remains post - operatively).  
  (2) Any abdominal lymph nodes are involved.  
  (3) Tumor rupture before or intra - operatively (irrespective of other criteria for staging).  
  (4) The tumor has penetrated through the peritoneal surface.  
  (5) Tumor implants are found on the peritoneal surface.  
  (6) The tumor thrombi present at resection margins of vessels or ureter, transsected or removed piecemeal by surgeon.  
  (7) The tumor has been surgically biopsied (wedge biopsy) prior to pre - operative chemotherapy or surgery.  
  The presence of necrotic tumor or chemotherapy - induced changes in a lymph node or at the resection margins is regarded as proof of previous tumor with microscopic 

residue and therefore the tumor is assigned stage III.  

   Stage IV   
  Hematogeneous metastases (lung, liver, bone, brain, etc.) or lymph node metastases outside the abdomino - pelvic region.  

   Stage V   
  Bilateral renal tumors at diagnosis. Each side should be substaged according to above classifi cations.  
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     Figure 13.4     The infl uence of initial treatment 
modality on the frequency of histological sub - type. 
CMN, congenital mesoblastic nephroma. CPDN, 
cystic partially differentiated Wilms tumor. CCSK, 
clear cell sarcoma of the kidney.  

  Table 13.7    Major fi ndings of successive  NWTSG  trials and studies. 

   Study     Stage      Chemotherapy     Irradiation     Reference  

  NWTS - 1 
 1969 – 1973 
 606 patients  

  I    ACT - D    Unnecessary for children  < 2 years, 
when treated with chemotherapy  

   [52]   

  II and III    Combination of VCR and ACT - D is better than each drug alone  

  NWTS - 2 
 1975 – 1978 
 775 patients  

  I    6 months of VCR and ACT - D suffi cient    Unnecessary     [48]   
  II, III, and 

IV  
  Addition of DOX increases relapse - free survival rate  

  NWTS - 3 
 1979 – 1985 
 2496 patients  

  I    11 weeks of VCR and ACT - D is suffi cient 
 (92.5% 16 year EFS, 97.6% OS)  

  Unnecessary     [48]   

  II    DOX is unnecessary 
 (89.6% 16 year EFS, 92.9% OS)  

  Unnecessary  

  III    DOX is necessary    (80.4% 16 year EFS, 86.2% OS)    10   Gy abdominal irradiation  
  DOX is unnecessary   20   Gy abdominal irradiation 

  IV    CYC is without benefi t 
 (76.5% 16 year EFS, 79.5% OS)  

  NWTS - 4 
 1986 – 1994 
 1687 patients  

  I - IV     ‘ Pulse - intensive ’  chemotherapy as effective, less toxic, and less expensive 
 (Stage I: 94.9% 2 year EFS, 98.7% OS) 
 (Stage II: 83.6% 8 year EFS, 93.8% OS) 
 (Stage III: 88.9% 8 year EFS, 93.0% OS) 
 (Stage IV: 80.6% 2 year EFS, 89.5% OS)  

  [45, 46, 53]  

  II, III, and IV    6 months of chemotherapy suffi cient  

  NWTS - 5 
 1995 – 2002 
 2021 patients  

  I (age  < 24   m, tumor 
weight  < 550   g)  

  With surgery alone, 2 year OS rate remained 100% but relapse - free survival rate was 86%  –  arm 
closed  

   [19, 54]   

  All stages    LOH at 1p and 16 q is an adverse prognostic indicator  

   NWTSG, National Wilms ’ Tumor Study Group. ACT - D, actinomycin - D. VCR, vincristine. DOX, doxorubicin. EFS, event - free survival. OS, overall survival. LOH, Loss of 
heterozygosity. CYC, cyclophosphamide.     
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  Table 13.8    Major fi ndings of successive  SIOP  trials and studies. 

   Study     Stage     Chemotherapy     Irradiation     Reference  

  SIOP 1 
 1971 – 1974 
 398 patients  

  I – III    There is no evidence that prolonged ACT - D 
post - operatively contributes to a better disease 
free survival and/or survival  

  Pre - treatment reduces the number of ruptures 
and produces a more favourable stage 
distribution after surgery  

   [39, 55]   

  SIOP 2 
 1974 – 1976 
 138 patients  

  I – III    It is not necessary to give a two drug combination 
for more than 9 months post - operatively  

  Pre - operative XRT reduces tumor ruptures. 
Beware of the temptation to operate on 
small tumors  

   [55]   

  SIOP 5 
 1977 – 1979 
 433 patients  

  I – III    Chemotherapy is comparable to radiotherapy in effi cacy for preparing the tumor for surgery. Due to fewer 
late effects, it is preferable to use chemotherapy rather than radiotherapy  

   [40, 55]   

  SIOP 6 
 1980 – 1987 
 1687 patients  

  I    After pre - operative chemotherapy and surgery, 17 weeks is as effective as 38 weeks post - operative 
chemotherapy with VCR and ACT - D 

 (2 year DFS: 92% vs 88%, not signifi cantly different.)  

   [41, 55]   

  II N –     The stopping rule was activated due to an apparent increase in abdominal relapses in the non - irradiated 
group. No confi rmation in the fi nal analysis. 

 (2 year DFS of 72% vs 78%, not signifi cantly different.)  
  II N+, III    The DOX arm had a better 2 year DFS but equivalent 5 year OS 

 (2 year DFS: 74% vs 49%) (5 year OS: 80% vs 77%, no signifi cant difference.)  

  SIOP 9 
 1987 – 1991 
 852 patients  

  I – III    Four weeks is equivalent to 8 weeks pre - operative 
chemotherapy for localized tumors in terms of 
proportion of stage I (64% vs 62%), 
intra - operative rupture rate (1% vs 3%), 2 year 
EFS (84% vs 83%) and 5 year overall survival 
(92% vs 87%)  

  According to the post - operative histology and 
local stage: 

 Intermediate risk: 
 II N+ and III: 15   Gy 
 High risk: 
 II and III: 30   Gy  

   [43, 55]   

  IV    6 weeks of pre - operative VCR, ACT - D and DOX 
 Post - operative CT depending on local stage and 

response to pre - operative CT  

  Local irradiation: as in patients without 
metastases 

 Pulmonary irradiation: only in non - complete 
remission after pre - operative CT  

  SIOP 93 - 01 
 1993 – 2000 
 410 patients  

  I    A reduction in duration of post - operative 
chemotherapy, from 18 to 4 weeks is safe in 
this group of patients  

  None     [44, 55]   

  II – III    Same treatment as in SIOP 9 
 II N – : 92% 5 year EFS 
 II N+, III: 82% 5 year EFS  

  IV    6 weeks of pre - operative VCR, ACT - D and DOX 
 Post - operative CT depending on local stage and 

response to pre - operative CT  

  Local irradiation: as in patients without 
metastases 

 Pulmonary irradiation: only in non - complete 
remission after pre - operative CT  

  All stages    Post - chemotherapy blastemal predominant subtype of Wilms ’  tumor has to be classifi ed as high risk tumor 
(82% 5 year EFS) 

 Local stage II N+ and III have the same outcome 
 Focal anaplasia is doing better than diffuse  

   SIOP, International Society of Pediatric Oncology. ACT - D, actinomycin - D.XRT, radiotherapy. VCR, vincristine. DFS, disease - free survival. DOX, doxorubicin. OS, overall 
survival. EFS, event - free survival. CT, computed tomography.   
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  Table 13.9    Major fi ndings of successive  UK  trials and studies. 

   Study     Stage     Chemotherapy     Irradiation     Reference  

  UKW 1 
 1980 – 1986 
 384 patients  

  I/FH    In FH single agent VCR  × 26 weeks is 
effi cient (89% 6 year EFS; 96% OS)  

  No     [56]   

  II/FH    Two drugs VCR/ACT - D  × 26 weeks is safe, 
an anthracycline can be omitted (85% 
6   yr EFS, 93% OS)  

  Yes  

  III/FH    Sequential VCR/ACT - D   +   DOX    ×    1 year 
(82% 6 year EFS, 83% OS)  

  Yes  

  IV    VCR/Act - D   +   DOX   +   cyclophosphamide for 
one year (50% 6 year EFS, 65% OS)  

  Lung XRT only if no remission at week 12  

  UH    Same as stage IV/FH (50% OS)      
  UKW 2 

 1986 – 1991 
 448 patients  

  I/FH    VCR, 10 weekly doses 
 (87% 4 year EFS, 94% OS)  

  None     [57]   

  II/FH    VCR   +   ACT - D, 6 months 
 (82% 4 year EFS, 91% OS)  

  None  

  III/FH    VCR   +   ACT - D   +   DOX, 12 months 
 (82% 4 year EFS, 84% OS)  

  XRT   =   20   Gy, hemi - abdomen  

  IV    Intensive VCR   +   ACT - D   +   DOX, 6 months 
 (70% 4 year EFS, 75% OS)  

  If local stage III 30   Gy to hemi - abdomen 
 12   Gy to whole lung  

  Unfavourable histology    Intensive VCR   +   ACT - D   +   DOX, 6 months 
(stage III: 12 months) 

 (Anaplasia: 50% 4 year EFS, 36% OS)  

  Stage III, 30   Gy, hemi - abdomen  

  UKW 3 
 1995 – 2002 
 205 patients  

  I - III    Randomization: immediate nephrectomy versus pre - operative chemotherapy. 
 Signifi cant improvement in stage distribution: 
    Stage I: 65.2% vs 54.3% 
    Stage II: 23.9% vs 14.9% 
    Stage III: 9.8% vs 29.8% 
  →  20% fewer children receiving radiotherapy and doxorubicin  

   [58]   

   FH, favourable histology. VCR, vincristine. EFS, event - free survival. OS, overall survival. ACT - D, actinomycin - D. DOX, doxorubicin. XRT, radiotherapy.   

 However, there is and remains a different approach in the 
treatment of nephroblastoma between SIOP and North America 
in that the Children ’ s Oncology Group (COG) believes it is neces-
sary to identify accurate tumor staging by immediate surgery, 
whereas the SIOP trials and studies largely focus on the issue of 
pre - operative therapy  [39 – 47]  (Box  13.2 ). The SIOP strategy of 
giving pre - operative chemotherapy is based on the premise that 
pre - operative therapy reduces the risk of tumor rupture during 
surgery, thereby reducing the likelihood of local and distant 
recurrence. However, there is a risk of up to 1.5% that chemo-
therapy will be administered to a benign tumor during the pre -
 operative phase  [41, 43] . However, the main objectives of COG/
NWTSG and SIOP trials are to treat patients according to well -
 defi ned risk groups in order to achieve highest cure rates, to 
decrease the frequency and intensity of acute and late toxicity, 
and to minimize the cost of therapy.   

 As an example of the COG strategy, the fourth NWTSG study 
investigated the effi cacy, toxicity, and cost of different schedules 
of actinomycin - D and doxorubicin administration, fi nding that 
actinomycin - D could be given safely in 1 day rather than over 5 
days and doxorubicin in 1 day rather than over 3 days  [45, 46] . 

  Box 13.2    Wilms ’  tumor key facts  –  international 
differences in treatment philosophies. 

  International Society of 
Pediatric Oncology (SIOP) 
strategy  

  Children ’ s Oncology Group 
strategy  

   •    Pre - nephrectomy 
chemotherapy with less 
tumor rupture  

   •    Surgery at diagnosis to 
stage disease with more 
tumor rupture  

   •    60% stage 1     •    30% stage 1  

   •    50% receive anthracycline     •    35% receive anthracycline  

   •    17% receive radiotherapy     •    35% receive radiotherapy  

   •    Small risk of inappropriate 
treatment for non - Wilms ’  
tumor histology  

   •    Correct histological 
diagnosis assured at 
presentation  

   •    Response adapted approach 
for metastatic disease avoids 
pulmonary radiotherapy in 
2/3 of patients with stage 4 
disease  

   •    Pulmonary irradiation 
mandated for involvement 
of lungs at presentation  
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These so - called pulse - intensive regimens were as effective as the 
standard courses but were accompanied by less severe hemato-
logical toxicity and fewer health - care encounters. As a conse-
quence pulse - intensive therapy has become the standard of care 
for treatment of Wilms ’  tumor in North America  [48 – 50] . 

 In comparison, for the SIOP - 93 - 01 trial, post - operative therapy 
was based on stage and pathological response to chemotherapy. 
From post - operative histology, tumors were classifi ed as low, 
intermediate, or high risk according to the Stockholm working 
classifi cation of renal tumors  [51] , and it could be shown by 
means of a prospective randomization that post - operative treat-
ment for patients with stage I intermediate risk or anaplasia could 
be reduced to 4 weeks from the standard 18 weeks, while main-
taining equivalent event - free survival  [44] . Because about 60% of 
patients will have stage I disease after receiving pre - operative 
chemotherapy, most of the patients with unilateral disease can be 
cured after only 4 weeks of pre - operative chemotherapy, tumor 
nephrectomy and 4 weeks of post - operative chemotherapy with 
only two drugs (vincristine and actinomycin - D). 

 Post - operative treatment in both groups is mainly stratifi ed 
according to the tumor stage and the histology after surgery. 
Through successive National Wilms ’  Tumor Study (NWTS), 
SIOP, and UK trials, the combination, length, and mode of 
administration of chemotherapy have been refi ned to optimize 
survival rates while minimizing acute and long - term toxicities. 
Radiation therapy, although still an important component of 
Wilms ’  tumor therapy, is restricted to treatment of stage III or 
IV disease. The conclusions drawn from each of these trials are 
summarized in Tables  13.7  –  9 . Both approaches (SIOP and 
NWTS) result in similar tumor control rates but a different 
overall burden of treatment. 

 Although transatlantic differences in treatment philosophies 
with respect to pre - nephrectomy chemotherapy have under-
pinned nearly all of the SIOP and NWTSG/COG trails histori-
cally, the United Kingdom Children ’ s Cancer Study Group 
(UKCCSG) sought to investigate the potential advantages for 
both of these approaches by means of a randomized clinical trial, 
UKW3  [58] . The main fi ndings of this study, performed between 
1991 and 2001 for children with non - metastatic Wilms ’  tumor, 
are summarized in Table  13.9  and by the following results: 
   •      There was a signifi cant improvement in the stage distribution 
for patients with Wilms ’  tumor receiving delayed surgery follow-
ing 6 weeks of chemotherapy with vincristine and actinomycin, 
compared with those undergoing immediate nephrectomy.  
   •      This improvement resulted in 20% fewer children receiving 
radiotherapy or doxorubicin.  
   •      The event - free and overall survivals at 5 years were similar in 
the two groups.    
 The results suggest that all children with non - metastatic Wilms ’  
tumor should receive chemotherapy prior to tumor resection. 
However, North American studies continue to advocate immedi-
ate tumor - nephrectomy, although the NWTSG has recom-
mended pre - operative chemotherapy under certain circumstances 
 [59] , including: 

   •      The occurrence of Wilms ’  tumor in a solitary kidney.  
   •      Bilateral Wilms ’  tumor or tumor in a horseshoe kidney.  
   •      Tumor thrombus in the inferior vena cava above the level of 
the hepatic veins.  
   •      Respiratory distress resulting from the presence of extensive 
metastatic tumor.     

  The  r elationships between  p rognosis and  c linical, 
 t umor -  r elated, and  p harmacological  f actors 
 Prognosis following the diagnosis of Wilms ’  tumor has been 
found to relate to age and the features of any associated and 
predisposing syndrome, and also to tumor - related fi ndings for 
histology, karyotype and for certain cellular determinants of 
chemosensitivity (Box  13.3 ). For an example of the infl uence of 
tumor predisposition, the diagnosis of WAGR carries with it a 
high risk of end stage renal disease as these patients approach 
adulthood, which has been shown to result in a fall off of survival 
from 95% at 4 years to just under 48% at 27 years when compared 
with only a modest reduction in survival for patients without this 
condition  [60] .   

 For those patient -  and tumor - related factors that may infl u-
ence prognosis, then both age and tumor size relate to outcome 
for Wilms ’  tumor. For example, nephrectomy without adjuvant 
therapy was suggested to be adequate treatment for a subset of 
patients with highly favorable clinical features in the 1970s. It was 
suggested by Green and Jaffe  [61]  because of the excellent survival 
of infants with small tumors on successive NWTS trials  [62, 63] . 
Therefore, the NWTS - 5 trial saw the prospective treatment of 75 
children younger than 24 months with small ( < 550   g) stage I 
favorable histology tumors with nephrectomy only, but the study 
closed early according to predefi ned stopping rules because the 
risk of relapse at 2 years was 13.5%. However, all patients were 
successfully salvaged with standard therapy  [64] . In light of the 
high overall survival (OS) rate achieved, the COG is re - evaluating 
the benefi t of nephrectomy - only in this selected group of patients. 

 The defi nition of histological subtype, both at diagnosis and 
after initial chemotherapy is an important determinant of prog-
nosis for Wilms ’  tumor as follows: 

  Box 13.3    Wilms ’  tumor key facts  –  determinants of 
prognosis. 

        •      Associated tumor - predisposition syndrome  

   •      Age  

   •      Tumor size  

   •      Histological subtype  

   •      Complete necrosis in response to pre - nephrectomy 
chemotherapy  

   •      Loss of heterozygosity for chromosome 1p and 16q  

   •      Expression of MDR - 1 by neovasculature of tumor  

   •      Expression of MRP1 by blastemal/stromal elements of tumor     
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   •      The fi nding of diffuse anaplasia at diagnosis, especially in the 
context of higher stage disease, carries a poor prognosis  [54] .  
   •      Children with the blastemal predominant tumors after pre -
 operative chemotherapy were found to have a poorer prognosis 
than other histological subtypes of the intermediate risk group 
 [30] .  
   •      The extent of tumor necrosis following pre - nephrectomy 
chemotherapy is also a determinant of prognosis. For children 
receiving pre - nephrectomy chemotherapy, a statistically signifi -
cant improvement in event free survival is found for those 
patients who have found to have a complete necrotic Wilms ’  
tumor at delayed nephrectomy and this applies to patients with 
all stages of disease. In particular, children with stage IV disease 
were relatively over represented in the population of patients 
achieving complete tumor necrosis, and enjoyed an excellent 
prognosis  [65] .    

 The cytogenetic fi ndings for Wilms ’  tumor, both at diagnosis 
and following chemotherapy, also relate to outcome. For children 
entering the NWTS - 5 trial, loss of heterozygosity at chromo-
somes 1p and 16q has been found to be an adverse prognostic 
indicator  [19] . Also, analysis of comparative genomic hybridiza-
tion fi ndings in primary Wilms ’  tumors of blastemal histology, 
has shown signifi cant differences in the cytogenetic constitution 
between those tumors undergoing primary surgery and those 
receiving pre - operative chemotherapy. As a trend, tumors in the 
pre - nephrectomy chemotherapy group had fewer changes than 
those in the non - pre - nephrectomy chemotherapy group, and the 
frequencies of imbalances at 7p or +7q, respectively, were signifi -
cantly lower. The results suggest that Wilms ’  tumor clones with 
+1q prevail after chemotherapy, while cytogenetically more 
complex clones with +7q and/or imbalances at 7p appear to be 
more responsive and are more likely to be eliminated by chemo-
therapeutic treatment  [66] . This and the signifi cantly higher 
reduction of tumor volume in intermediate risk than in high - risk 
tumors shows that response to pre - operative therapy is of prog-
nostic value. 

 The major international treatment protocols for Wilms ’  tumor 
include vincristine and doxorubicin, which are both substrates 
for resistance mediated by the P - glycoprotein (MDR - 1) and 
multi - drug resistance - associated protein - 1 (MRP1) effl ux mech-
anisms, and both of these cellular determinants of chemosensitiv-
ity relate to the prognosis for children with Wilms ’  tumor as 
follows: 
   •      For children with nephroblastoma, increased microvascular 
density is predictive of relapse  [67] .  
   •      Increased expression of P - glycoprotein/MDR - 1 by the endothe-
lial cells that line the newly formed capillaries in association with 
tumor growth is a determinant of poor prognosis rather than any 
association between P - glycoprotein expression by Wilms ’  tumor 
cells themselves  [68] .  
   •      Furthermore, expression of MRP1 has been found to be 
heterogeneous and predominantly found in the blastemal and 
epithelial compartment compared with the stromal elements of 
nephroblastoma.  

   •      A signifi cant relationship between MRP1 expression and an 
adverse outcome has been demonstrated for patients with neph-
roblastoma  [69] , and MRP1 expression was found to relate to P53 
levels, which is known to be associated with angiogenesis and clini-
cally aggressive disease in favourable histology Wilms ’  tumor  [70] .    

 Therefore, mechanisms of drug resistance exist within Wilms ’  
tumor as demonstrated by expression of MDR by the endothelial 
cells of the neovasculature associated with the tumor, and also a 
more complex interaction of MRP1 and P53 in the non - stromal 
elements of this tumor. This may be an important means by 
which cells may acquire or be intrinsically resistant to chemo-
therapy and at the molecular level the occurrence of WT1 gene 
mutations has been found to upregulate anti - apoptotic mecha-
nisms such as the BCL - 2 protein family  [71] . This has been shown 
to be a determinant of chemo - resistance of vincristine and doxo-
rubicin  in vitro . 

 Age - related difference in the pharmacokinetic disposition of 
chemotherapy agents, or for the expression of cellular determi-
nants of chemosensitivity such as MDR1 and MRP have not been 
explored in relation to outcome for Wilms ’  tumor, but may at 
least in part explain certain clinical observations for therapy and 
outcome for this disease. For example, age at presentation relates 
to outcome for children with favourable histology Wilms ’  tumor, 
as demonstrated by the fi ndings of the UKW2 and UKW3 trials 
for the treatment of Wilms ’  tumor. For 242 children with stage I 
favourable histology disease who were treated with immediate 
nephrectomy followed by 10 weekly injections of vincristine, the 
4 - year event - free survival was 93.2% for children less than 2 years 
of age, which compared with a signifi cantly lower event - free sur-
vival of 71.3% for children 4 years or older at diagnosis. 

 Similarly, and as discussed above, the pharmacodynamic 
response to chemotherapy in terms of the percentage of patients 
achieving complete necrosis induced by pre - operative chemo-
therapy has also been related to outcome for children with non -
 anaplastic Wilms ’  tumor. As with the observation of the apparent 
effect of age upon event - free survival for children receiving vin-
cristine monotherapy, this observation may help to inform treat-
ment intensity and prognosis following therapy, but has not yet 
been explained in integrated studies of clinical cellular pharma-
cology in relation to this condition.  

  Other  t reatment  c onsiderations  –  Stage  IV  and 
 b ilateral  d isease 
  Stage 4  d isease (Box  13.4 ) 
 About 10% of patients are diagnosed with metastatic disease. The 
most common sites of metastases of Wilms ’  tumor are the lungs 
(Figure  13.2 (b)), the regional nodes, and the liver (Figure  13.1 ). 
Of patients presenting with hematogenous metastases at diagno-
sis (stage 4 disease), the relative frequency of sites for metastases 
are  [72] : 
   •      The lungs are the only site in approximately 80% of cases.  
   •      The liver, with or without lungs, is involved in 15% of cases.  
   •      Bone and brain metastases are rare in Wilms ’  tumor, occurring 
in 0.5% of cases  [73] .      
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  Stage 5 and  b ilateral  d isease 
 Various reports record the incidence of synchronous bilateral 
Wilms ’  tumor as ranging from 4.4% to 7.0% and that of meta-
chronous bilateral Wilms ’  tumor from 1.0% to 1.9% of Wilms ’  
tumor patients. The existence of precursor lesions to Wilms ’  
tumor, termed nephrogenic rests, has been recognized for many 
years. These nephrogenic rests are found in almost 1% of unse-
lected pediatric autopsies, in 35% of kidneys with unilateral 
Wilms ’  tumor and in nearly 100% of kidneys with bilateral Wilms ’  
tumor. The key characteristics for nephrogenic rests are  [29] : 
   •      Nephrogenic rests are composed of abnormally persistent 
embryonal nephroblastic tissue with small clusters of blastemal 
cells, tubules, or stromal cells, and are classifi ed by their position 
within the kidney.  
   •      Intralobar nephrogenic rests (ILNR) are randomly distributed, 
but tend to be situated deep within the renal lobe. These lesions 
are commonly stroma - rich and intermingle with the adjacent 
renal parenchyma.  
   •      Perilobar nephrogenic rests (PLNR) are located at the periph-
ery, and are usually sub - cortical, sharply demarcated, and contain 
predominantly blastema and tubules. These presumably refl ect 
later developmental disturbances in nephrogenesis. 
 The term nephroblastomatosis is used to refer to the presence of 
multiple nephrogenic rests. Only a small number develop a clonal 
transformation into Wilms ’  tumor. When this happens, the 
Wilms ’  tumor is typically spherical and develops a pseudocapsule 
separating it from the nephrogenic rest.    

 About 6% of all children with Wilms ’  tumor present with 
simultaneous bilateral tumors (stage 5) at the time of diagnosis. 
Although more than 70% of such cases survive, these children are 
at high risk of renal failure  [75] . This risk has led to the recom-
mendation that such patients undergo preoperative chemother-
apy to shrink the tumor and facilitate renal - sparing procedures. 
The key principles for the management of children with stage 5 
Wilms tumor are: 
   •      Primary excision of the tumor masses is not recommended. 
After 6 – 12 weeks of chemotherapy, the patient is reassessed and 
the feasibility of resection assessed. If there is no response to pre -
 operative chemotherapy, further intensifying of treatment is 
seldom successful and surgical excision of the tumor should be 
performed  [72] .  
   •      Post - operative treatment is recommended according to the cri-
teria for unilateral disease, always based on the highest stage and 
worst histology of one side.  
   •      The treatment for stage 5 disease in association with neph-
roblastomatosis has to be prolonged with vincristine and 
actinomycin - D.  
   •      In the long follow up much attention has to be given to the 
renal function. An NWTSG review found that 9.1% of patients 
with synchronous bilateral Wilms ’  tumors and 18.8% of those 
with metachronous bilateral tumors have developed renal 
failure  [75] .  
   •      The most common etiology for renal failure was the need for 
bilateral nephrectomy for persistent or recurrent tumor in the 

 Although patients with stage disease are particularly challeng-
ing to treat, in comparison with other forms of childhood cancer 
such as neuroblastoma or rhabdomyosarcoma, the outlook for 
children diagnosed with stage 4 disease is good with 4 - year 
relapse - free survival, in the context of favourable histology, of 
72% reported for the NWTS - 3 study. For children with lung 
metastases detected on the chest radiograph, whole lung irradia-
tion continues to be administered in North America, whereas in 
Europe response to pre - operative chemotherapy is used for strati-
fi cation of lung irradiation. In NWTS - 3, the 4 - year relapse - free 
survival was 71.9%, and the 4 - year survival was 78.4% in children 
with favourable histology Wilms ’  tumor and lung metastases 
 [74] . The outcome for patients treated under the auspices of the 
SIOP 93 - 01 study is not different to the NWTSG series with a 
4 - year relapse - free survival of 83% in patients achieving a com-
plete remission after preoperative chemotherapy compared to 
65% without a radiological remission at the same time point. The 
salient features for the treatment of stage 4 disease include: 
   •      The optimal treatment strategy for children with pulmonary 
metastases that are detectable by CT scan but not by plain 
X - radiograph remains uncertain. However, SIOP investigators 
continue to avoid radiotherapy for patients with intermediate risk 
histology whose lung metastases disappear completely after 6 
weeks of pre - nephrectomy chemotherapy with vincristine, actin-
omycin - D, and doxorubicin.  
   •      Children with metastatic disease to lungs have a better progno-
sis than those with other metastatic sites.  
   •      High malignancy and local stage III are bad prognostic features 
in stage IV patients (N. Graf, unpublished data of SIOP 93 - 01/
GPOH).  
   •      Although there are genuine concerns about radiation toxicity, 
the poor outcome in children who relapse after initial treatment 
necessitates a critical assessment of the role of pulmonary irradia-
tion in these patients  [72] .     

  Box 13.4    Wilms ’  tumor key facts  –  Stage 4 and 
bilateral disease. 

        •      10% of cases present with metastatic disease  

   •      The lungs are the predominant site for metastases  

   •      The optimal strategy for the treatment of pulmonary 
metastases detected by computed tomograpy only is uncertain  

   •      Synchronous bilateral tumors occur in 4 – 7% of cases  

   •      Metachronous tumors occur in 1 – 2% of cases  

   •      Nephrogenic rests predispose to Wilms ’  tumor in setting of 
bilateral disease  

   •      Kidney - sparing surgery is advocated after initial 
chemotherapy  

   •      Renal failure in the long - term may necessitate kidney 
transplantation     
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remaining kidney after initial nephrectomy. Treatment - related 
injury (radiation - induced damage, surgical complications) to the 
remaining kidney was the second leading cause for renal insuf-
fi ciency. Renal insuffi ciency secondary to hyperfi ltration - induced 
injury (focal glomerulosclerosis) was rare  [75] . Kidney transplan-
tation has to be considered in these situations.      

  Kidney -  s paring  s urgery 
 Partial nephrectomy as a primary tumor resection strategy 
remains controversial and is probably not indicated in routine 
treatment of Wilms ’  tumor. After successful inauguration of 
parenchymal - sparing surgery in children with bilateral Wilms ’  
tumor  [76, 77] , recent reports emphasize conservative surgery for 
children with unilateral Wilms ’  tumor  [78 – 80] . The salient fea-
tures for the consideration of kidney sparing surgery include: 
   •      For children presenting with non - metastatic, unilateral Wilms ’  
tumors it was found that only 4.7% of patients would be eligible 
for partial nephrectomy  [81, 82] .  
   •      Partial nephrectomy should only be attempted if the tumor 
involves one pole and less than one third of the kidney, if the 
affected kidney is functioning, if the collecting system or renal 
vein had no tumor involvement, and if clear margins existed 
between the tumor and surrounding structures.  
   •      Because the rate of renal failure in patients with unilateral 
Wilms ’  tumor is less than 1%  [75] , kidney - sparing resection is 
not generally recommended and should be restricted to few expe-
rienced surgical centers.  
   •      A recently published study  [83]  presented bench surgery with 
auto - transplantation as another new surgical technique for 
exploration in this area.     

  Treatment  s trategies for  r elapsed  d isease 
 Approximately 15% of patients with favorable - histology Wilms ’  
tumor and 50% of patients with anaplastic Wilms ’  tumor experi-
ence relapse of their disease. Most recurrences occur within 2 
years of diagnosis and mainly in the lungs, the tumor bed, and 
the liver. Less frequently bones, the brain, and distant lymph 
nodes are sides of relapses. Metachronous bilaterilization to the 
contralateral kidney likely represents second primary tumors 
rather than true relapses. Although surgical excision of pulmo-
nary metastases does not improve outcome  [84] , surgical biopsy 
or excision of recurrence should nonetheless be performed to 
confi rm histologically the presence of recurrent disease, and par-
ticularly in the case of intra - abdominal recurrence, to reduce the 
tumor burden prior to the initiation of radiation therapy and 
combination chemotherapy. 

 Children with relapsed Wilms ’  tumor have a variable progno-
sis. Outcome depends upon the initial stage, histology, site of 
relapse, time from initial diagnosis to relapse, and previous 
therapy. Favorable prognostic factors include  [85, 86] : 
   •      Favorable histology, no prior treatment with an anthracycline.  
   •      Relapse more than 12 months after diagnosis.  
   •      Sub - diaphragmatic relapse in a patient not previously given 
abdominal irradiation.    

 However, one - third of all relapses fulfi l the above criteria. These 
patients have a good chance of achieving a second complete 
remission with a survival rate of more than 60%  [85 – 87] . Two -
 thirds of patients have high risk relapses with a poor outcome of 
less than 40% survival rate  [88 – 91] . 

 Treatment regimens for recurrent Wilms ’  tumor are designed 
to include chemotherapy agents that were not used during 
primary therapy. Several highly effective chemotherapy com-
binations, including ifosfamide - carboplatin - etoposide (ICE), 
cyclophosphamide - etoposide, and carboplatin - etoposide, are 
considered fi rst - line treatment for recurrent disease  [88 – 91] . 

 The effective use of high - dose therapy with stem cell rescue for 
the treatment of recurrent Wilms ’  tumor has been reported by 
several groups, and survival rates of 36 – 73% are described  [88 –
 91] . It has been suggested that high - dose chemotherapy with stem 
cell rescue should be employed in the management of patients 
with adverse prognostic factors at the time of relapse, although it 
remains unproved whether this approach is more effi cacious and/
or less toxic than conventional chemotherapy. In general, these 
children should be referred to centers that are conducting research 
into the treatment of children with recurrent solid tumors.  

  Short -  t erm  c omplications of  p resentation and  t reatment 
 The most frequent short - term complications of the treatment of 
Wilms ’  tumor include those that relate to the surgical procedures 
of laparotomy and biopsy, and medical complications that result 
from the use of cytotoxic chemotherapy agents. Surgical compli-
cations in relation to the treatment and diagnosis of Wilms ’  
tumor include: 
   •      Risk of tumor rupture and consequent upstaging of Wilms ’  
tumor at laparotomy. In relation to the international differences 
in practice with respect to primary nephrectomy versus pre -
 nephrectomy chemotherapy, the incidence of intraoperative 
complications occurring with a rupture of tumor is lowered from 
approximately 25% to 8% following pre - operative chemotherapy 
in one institutional experience  [92] .  
   •      Other surgical complications observed in the fourth National 
Wilms ’  Tumor Study (NWTS - 4) following primary nephrectomy 
include bowel obstruction (5.1%), extensive hemorrhage and 
wound infection (1.9% each), extensive vascular injuries (1.4%), 
and injuries to other visceral organs (1%)  [93] . Risk factors for 
surgical complications included intravascular extension into the 
inferior vena cava, the atrium, or both; a fl ank or paramedian 
surgical approach; and a tumor diameter greater than 10   cm. 
Interestingly, nephrectomy performed by a general surgeon 
carried a higher risk of complications than that performed by a 
pediatric surgeon or a pediatric urologist.  
   •      Biopsy of tumor prior to pre - nephrectomy chemotherapy 
being administered is a relatively safe procedure, but is associated 
in a fall in hemoglobin and local cases and local pain in one - fi fth 
of cases  [58] . However, biopsy was associated with the require-
ment for emergency nephrectomy or death in less than 1% of 
cases, and in one case out of 241 biopsies a needle track recur-
rence occurred 8 months following the biopsy  [94] .  
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intra - lobar nephrogenic rests have a high incidence of renal 
failure with long - term follow up beyond 20 years  [99] . It is there-
fore important that such information is imparted to their adult 
physicians or general practitioners. 

 Although no studies have been carried out to evaluate the most 
effective schedule of follow up, these proposed intervals are based 
on the fact that most recurrences ( ∼ 90%) occur in the fi rst 2 years 
after diagnosis and virtually the remainder in the next 2 years. 
Subsequent imaging studies should be obtained as clinically 
indicated. 

 For children with any of the Wilms ’  tumor - predisposing syn-
dromes, or with nephrogenic rests in one or both kidneys, ultra-
sonography of the remaining kidney is performed for a longer 
period because the opposite kidney continues to be at risk for 
several years. This is particularly true for children younger than 
12 months of age at diagnosis. 

 Because Wilms ’  tumor is usually a curable malignancy, it is 
essential to limit iatrogenic sequelae. Although the damage may 
be limited to the kidney (nephrectomy), additional treatment 
modalities may cause acute and chronic late effects to several 
organs such as the heart, lungs, liver, bones, and gonads. In addi-
tion, both chemotherapeutic agents and radiation therapy can 
induce second malignant neoplasms.  

  Current  t reatment  s trategies 
 The paradigm of maximizing cure while minimizing toxicity is 
being further evaluated in the ongoing SIOP - 2001 protocol, in 

   •      The potential benefi t of tumor volume reduction after pre -
 operative chemotherapy is also seen in a low total surgical compli-
cation rate of 8% in SIOP - 9 patients  [95] . The most frequent event 
was small - bowel occlusion, including intussusceptions (3.7%). 
This contrasts with the reported surgical complication rate in 
NWTS - 3, in which small bowel obstruction was reported in 6.9% 
of the registered patients  [96] . However, in other series this com-
plication is not infl uenced by the initial modality of treatment  [33] .  
   •      In the United Kingdom experience, 8% of children presenting 
with Wilms ’  tumor have evidence of intracaval extension which 
subsequently requires cavotomy and on rarer occasions cardiop-
ulmonary bypass for intra - atrial extension with tumor  [33] .    

 In relation to the medical complications of therapy for Wilms ’  
tumor, veno - occlusive disease has been characterized in relation 
to the treatment of Wilms ’  tumor, and different studies have 
highlighted the pharmacodynamic effects for the differing sched-
ules of actinomycin - D administration that have been related to 
hepatotoxicity as follows  [97] : 
   •      The effect of actinomycin - D dose. For the NWTS - 4, severe 
hepatotoxicity with veno - occlusive disease rates of 43% and 3.7% 
were observed for children receiving single, 3 weekly doses of 
60    μ g/kg (equivalent to 1.8   mg/m 2 ) than for 45    μ g/kg (equivalent 
to 1.35   mg/m 2 ), respectively, and the risk of this complication also 
increases for children who received abdominal radiotherapy as 
part of their treatment.  
   •      The effect of actinomycin - D schedule. For the SIOP - 9 study, a 
veno - occlusive disease rate of 4.8% was found for children receiv-
ing standard fractionated actinomycin D at a dose intensity of 
9.4 – 22.5    μ g/kg/week, but no such complications were experi-
enced in children receiving single dose actinomycin D at a dose 
intensity of 3.75 – 8    μ g/kg/week even in the face of abdominal 
radiotherapy  [98] .     

  Strategies for  f ollow  u p and  o verview of  i mportant 
 l ate  e ffects 
 Children who survive more than three years from diagnosis of 
their Wilms ’  tumor are unlikely to suffer a recurrence, and the 
vast majority are at very low risk of developing second cancers 
related to their treatment. The aim of long - term follow up is 
therefore to monitor renal function. Survivors of renal malignan-
cies should be examined regularly by a physician who is familiar 
with the natural history of this tumor, and the complications of 
therapy for this disease. Careful palpation of the abdomen will 
help detect local tumor recurrence, tumor growth in the liver, or 
contralateral tumor development. Suspicious fi ndings on physi-
cal examination should be confi rmed or clarifi ed using abdomi-
nal ultrasound or CT. Lung irradiation may affect the thyroid 
gland, which therefore should be palpated yearly for life because 
of the known association between irradiation and thyroid neo-
plasms. In addition, these patients should have thyroid function 
tests performed at yearly intervals for 5 years to detect possible 
hypothyroidism (Table  13.10 ).   

 It is of interest that recent data from the NWTSG showed that 
children with Wilms ’  tumor and aniridia and also those with 

  Table 13.10    Checklist for the follow - up of patients with nephroblastoma. 

        Year 1 and 2     Year 3 and 4     After 4 years  

   Regarding relapse   
  Clinical 

examination, RR  
  3 monthly    6 monthly    1 yearly  

  Abdominal 
sonography  

  3 monthly    6 monthly    1 yearly  

  Lung X - ray or CT 
of lungs  

  3 monthly    6 monthly    1 yearly  

  MRI with and 
without contrast  

  In case of suspicious fi nding in sonography,  …   

  Bone scintigraphy    CCSK, or in case of bone metastasis  

   Regarding late effects   
  Urine    3 monthly    6 monthly    1 yearly  
  Creatinine    3 monthly    6 monthly    1 yearly  
  Echocardiography    In case of treatment with anthracyclines  
  Endocrinology    In case of irradiation (ovary, testis, thyroid)  
  Audiology    In case of cisplatin or carboplatin treatment  
  Lung function    In case of lung irradiation  
  Neuropsychology    In case of mental retardation  
  Second 

malignancies  
  About 1%  

   RR, regarding relapse. CT, computed tomography. MRI, magnetic resonance 
imaging. CCSK, clear cell carcinoma of the kidney.   
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which post - operative chemotherapy is tailored according to his-
tological features, as defi ned by the SIOP classifi cation system 
 [51] . In order to address concerns in relation to anthracycline -
 related cardiac toxicity, patients with stage II or III and histologi-
cally intermediate - risk disease are randomly assigned to receive a 
treatment with or without doxorubicin. 

 In relation to current COG strategies, having almost reached 
cure for most patients and knowing that better stratifi cation 
parameters for treatment are only possible by fi nding prognostic 
molecular markers, the major aim of the closed non - randomized 
NWTS - 5 trial therefore was to assess the prognostic value of loss 
of heterozygosity at chromosomes 1p and 16q and DNA ploidy. 
The results of NWTS - 5 provide the framework for future 
Children ’ s Oncology Group studies of Wilms ’  tumor. It could be 
shown that LOH at 1p and 16q is an adverse prognostic indicator 
 [19] . For the fi rst time molecular markers are now used as strati-
fi cation parameters in the upcoming COG trials for nephroblas-
toma. On the basis of the lower than expected survival rate for 
patients with stage I anaplasia, the upcoming study will also 
augment therapy for this group of patients  [53] .  

  Novel  t herapeutic  a pproaches 
 For children with high - risk Wilms ’  tumor, new approaches to 
therapy will be needed, and the pre - clinical evaluation of novel 
anticancer agents should include  in vivo  experience with tumor 
types thought to be of interest for clinical development. The poten-
tial importance of this principle can be found for early xenograft 
studies based on current modalities of treatment, whereby 
post - operative chemotherapy with vincristine, actinomycin and 
doxorubicin increased survival over surgery alone, an effect that 
was further enhanced by the addition of radiotherapy  [100] . 

 A Medline review of the involvement of Wilms ’  tumor 
xenografts in the pre - clinical evaluation of novel agents, or the 
publication of early clinical trials featuring children with Wilms ’  
tumor in their populations, is presented Table  13.11 . Broadly 
speaking, this activity relates to the exploration of: 
   •      Early clinical trials with irinotecan and topotecan.  
   •      The tubulin inhibitor ABT - 751.  
   •      The evolving fi eld of angiogenesis inhibition.      

  Table 13.11    Novel therapeutic approaches in relation to Wilms ’  tumor. 

   Context of study     New agent     Target     Reference  

   Preclinical   
  Pre - clinical  in vivo     Depsipeptide    Histone deacetylase     [108]   
  Pre - clinical  in vivo     BMS247550    Microtubules     [109]   
  Pre - clinical  in vivo     Blocking antibody    Epidermal growth Factor receptor     [110]   

   Clinical   
  Phase I trial    Irinotecan    Topoisomerase I     [111]   
  Phase I trial    Topotecan - cyclophosphamide    Topoisomerase I     [112]   
  Phase I trial    ABT - 751    Tubulin     [113]   
  Phase II trial    All trans retinoic acid and Interferon  α 2a    Multiple     [114]   

 In the setting of the biological study of Wilms ’  tumor, it is now 
being recognized that tumor proliferation and angiogenesis 
relates to epidermal growth factor  [101]  and ErbB2  [102] , raising 
the possibility for therapy with novel receptor tyrosine kinase 
inhibitors that are potent inhibitors of these signaling pathways. 
However, perhaps the most extensively characterized interaction 
between novo - therapy and anti - tumor effect  in vivo  in the pre -
 clinical setting exists for the vascular endothelial growth factor 
(VEGF) and its receptors especially VEGFR - 2. In the experimen-
tal setting, potent VEGF blockade as achieved by the decoy recep-
tor VEGF - Trap trap exerts a potent effect on a Wilms ’  tumor 
xenograft  [103] . VEGF expression has been found to relate to 
microvessel density as a measure of angiogenesis and outcome 
for children with Wilms ’  tumor  [104] . As the recognition of 
acquired resistance to anti - angiogenesis agents evolves,  in vivo  
studies employing VEGF - Trap continue to help to refi ne the 
optimal use of these novel agents such as titrating dosage to 
prevent vascular remodeling  [102, 105] . These studies may serve 
as an important paradigm in the pre - clinical setting to help evolve 
treatment strategies involving VEGF inhibition that may fi nd 
clinical application for children for whom an adverse outcome is 
expected with conventional therapies. 

 The cellular pharmacological determinants of chemo - sensitiv-
ity may prove to be an important determinant of outcome for 
children with Wilms ’  tumor and help develop rational therapies 
designed to overcome this phenomenon in children where 
adverse risk factors such as MDR and MRP expression indicate 
that chemotherapy with vincristine and doxorubicin may be of 
limited effi cacy. However, the science of pharmacology has a rela-
tively rare but important usage in the pharmacokinetically - guided 
dosing of carboplatin and etoposide during peritoneal dialysis 
and haemodialysis for children who are anephric following treat-
ment of Wilms ’  tumor  [106]  and also for novel chemotherapy 
agents such as topotecan  [107] .  

  Summary and  f uture  d irections for  m anagement 
 The treatment of Wilms ’  tumor will continue to be geared 
towards maximizing the chances of cure for children with this 
disease and also their quality of survival in the long term. 
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epitheloid sarcomas show also mutations of  SMARCB1 . At 
present, there is insuffi cient data to suggest an association between 
specifi c mutations and clinical outcome.  

  Investigations and  s taging 
 There are no typical clinical signs in children suffering from a 
renal rhabdoid tumor. The symptoms do not differ from children 
with other kidney tumors. However, the following features indi-
cate the diagnosis of a renal rhabdoid tumor: 
   •      Imaging studies are most important. In comparison with neph-
roblastoma, renal rhabdoid tumors are more lobulated, often 
showing peripheral subcapsular bleedings, more lymph node 
involvement and more often lung metastases  [126, 127] .  
   •      In a small infant with a renal mass and metastasis to lung, renal 
rhabdoid tumor is the most likely tumor diagnosis.  
   •      The diagnosis of renal rhabdoid tumor can only be done by 
histology, and detection of  SMARCB1  gene mutations is also 
possible by immunohistochemical techniques.    

 Nevertheless, in every case tumor material should be used for 
molecular genetic analysis to confi rm the diagnosis of renal rhab-
doid tumor and to perform gene array experiments for gaining 
further knowledge  [128] . Tumor staging is the same as in neph-
roblastoma, but because of the coincidence of brain metastasis, 
cerebral MRI is always indicated.  

  Contemporary  t reatment  p hilosophies 
 There have not been any prospective clinical trials published 
describing the management and treatment of renal rhabdoid 
tumor, but recently there have been reports of survivors, even 
when there has been metastatic disease, with the use of more inten-
sive chemotherapy regimes including doxorubicin  [129, 130] . 

 In the United Kingdom (UK), patients with rhabdoid tumor 
of the kidney have historically been treated on two consecutive 
national Wilms ’  tumor protocols (UKW2 and UKW3) with a 
combination of vincristine, actinomycin D and doxorubicin. In 
a recent audit of 21 patients with renal rhabdoids treated on these 
protocols the overall survival was 35%, with all deaths within 13 
months of diagnosis. The International Society of Pediatric 
Oncology (SIOP) reported similarly unfavorable outcomes  [131] . 

Information that is now derived from the Automated Childhood 
Cancer Information System Project indicates that children with 
Wilms ’  tumor generally enjoy an excellent prognosis  [9] , but that 
survival rates for children who are older than 3 years of age at 
diagnosis and those with bilateral Wilms ’  tumor have a 10 – 15% 
poorer prognosis. However, this still relates to a survival rate of 
over 75% for children with favorable histology disease, and the 
impact of renal transplantation and renal - sparing surgery in rela-
tion to survivors of Denys - Drash syndrome related Wilms ’  tumor 
and other cases of bilateral disease  [115] , and ongoing evaluation 
of the cardiotoxicity of doxorubicin into the long term for survi-
vors of Wilms ’  tumor  [116] , will continue to help inform health -  
related quality of life measures for children with Wilms ’  tumor. 
With this in mind, the recognition that important survivor - con-
trolled differences for physical and psychosocial measures for 
survivors of Wilms ’  tumor indicate an ongoing need for studies 
to reduce treatment sequelae when this is possible in the mainte-
nance of high cure rates  [117] . 

 Furthermore, novel effective agents are required for the therapy 
of advanced stage anaplastic or relapsed Wilms ’  tumors, for 
which the prognosis remains dismal. Understanding of the 
genesis of Wilms ’  tumor at the genetic level may allow an 
increased ability to identify individuals at highest risk for the 
development of the disease. Studies of gene expression profi les 
will hopefully shed light on the intracellular pathways of the 
Wilms ’  phenotype, allowing optimal prognostic factors to be dis-
covered and ultimately to lead to novel therapeutic targets.   

  Renal  r habdoid  t umors 

  Introduction 
 Rhabdoid tumors were fi rst recognized as a separate pathological 
entity in the 1980s, and have now been reported widely at most 
anatomical sites in the body  [118] . Rhabdoid tumor of the kidney 
is a rare, highly aggressive and frequently lethal tumor of child-
hood, and is characterized by the following features: 
   •      These tumors occur mainly in children below the age of 2 years. 
After 5 years of age renal rhabdoid tumors are a rarity.  
   •      Cytogenetic, fl uorescence  in situ  hybridization (FISH), and 
LOH studies have revealed that malignant rhabdoid tumors fre-
quently contain alterations at chromosome locus 22q11.1  [119, 
120]  (Box  13.5 ).      

 Because rhabdoid tumors demonstrate biallelic, inactivating 
mutations of  SMARCB1  (synonym:  INI1 ,  hSNF5 ), consistent 
with the  ‘ two - hit ’  model of tumor formation, it is presumed that 
this gene functions as a classic tumor suppressor  [121 – 23] . The 
observation that mice haplo insuffi cient for  SMARCB1  are pre-
disposed to rhabdoid tumor supports this premise  [124] . In most 
cases, the mutations are  de novo , and not inherited from a parent. 
Germ line mosaicism has been suggested for several families with 
multiple affected siblings  [125] . As a consequence for families 
with an affected child and the diagnosis of a  SMARCB1  mutation 
a genetic counselling is indicated. Only plexus carcinomas and 

  Box 13.5    Renal rhabdoid tumor key facts. 

        •      Rare and highly aggressive  

   •      Majority occur in children less than 2 years of age  

   •      Characterized by genetic alterations at 22q11.1 and 
inactivating mutations of SMARCB1, which forms the basis 
for immunohistochemical diagnosis  

   •      Approximate 40% survival for localized disease, but poor 
prognosis in setting of very young age and metastatic disease  

   •      Current treatment strategies based on aggressive regimens 
based on the alkylating agents and etoposide     
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childhood ’   [141] , and the other typical sites of metastasis are the 
lungs and the brain (Box  13.6 ).   

 Histologically, CCSK shows a tremendous morphologic diver-
sity, which means that there can be diffi culty in differentiating this 
from other renal tumors such as rhabdoid tumor of the kidney and 
mesoblastic nephroma  [142] . Indeed, in studies up to 50% of all 
CCSK have initially been classifi ed as an entity different from 
CCSK by local pathologists  [142] . As with anaplastic Wilms ’  tumor 
and malignant rhabdoid tumors of the kidney, CCSK is classifi ed 
as a tumor with unfavourable histology because of its metastatic 
potential to bones and tendency to recur, the latter sometimes 
happening many years after the original diagnosis  [138] . 

 Unlike Wilms ’  tumor, CCSK is not associated with any genetic 
syndrome and its molecular pathogenesis remains poorly 
understood. 
   •      Biallelic IGF 2 expression, LOH (+ 19p , + 1q ,  −  10q ,  −  19 ) and 
translocation t(10;17)(q20;p13) have been shown in CCSK, 
though a genetic alteration specifi c for CCSK has not been veri-
fi ed yet  [143 – 145] .  
   •      Although Punnett  et al.  described a t(135;152) involving a 
breakpoint at the  p53  locus of chromosome 17p13  [146] , the 
majority of CCSK cases to date have been shown to lack  p53  
abnormalities, occurring only in tumors with anaplastic features.  
   •      Reported cytogenetic abnormalities include deletion of chro-
mosome 14q23  [147]  t(145;152)(q157;p148)  [148] .  
   •      Activation of the sonic hedgehog and Akt signalling pathways 
in CCSK with up - regulation of neural markers; the same study 
suggests that CD117 and epidermal growth factor receptor may 
be potential therapeutic targets in some cases of CCSK  [149] .    

 Together with the published literature, Brownlee  et al.  indicate 
that t(145;152) and interstitial deletions of chromosome 14q are 
recurring cytogenetic lesions in CCSK. The t(145;152) breakpoint 
and deletion of chromosome 14q24 suggest that other genes than 
p53 are involved in tumor pathogenesis  [150] . 

  Investigations and  s taging 
 The symptoms of children with CCSK do not differ from children 
with other kidney tumors, and most patients present with a 
median age that is not different from nephroblastoma. 

 In the United States, patients with rhabdoid tumor of the 
kidney historically have been treated on the National Wilms 
Tumor Study Group (NWTSG) trials with agents such as vinc-
ristine, actinomycin, and doxorubicin, with or without cyclo-
phosphamide  [132, 133] . The outcomes attained with these 
agents were poor  [132 – 134] . In a review of 142 patients from 
NWTS 1 - 5, stage and age are signifi cant prognostic factors. 
Patients with stage I and stage II disease had an OS rate of 42%; 
higher stage was associated with a 16% overall survival. Infants 
less than 6 months of age at diagnosis demonstrated a 4 - year OS 
of 9%, whereas OS in patients aged 2 years and older was 41%. 
No survival differences were observed between males and females, 
between those treated with or without doxorubicin, or with or 
without radiotherapy  [135] . 

 Experience with other established or more novel cytotoxic 
agents is more limited, but several case reports have documented 
the successful treatment of advanced or metastatic renal rhabdoid 
tumor with the combination of: 
   •      Ifosfamide/etoposide (IE) alternating with vincristine/doxoru-
bicin/cyclophosphamide (VDCy)  [129] .  
   •      Ifosfamide/carboplatin/etoposide (ICE) alternating with VDCy 
 [2] . Gururangan  et al.  reported encouraging, transient responses 
to ICE chemotherapy in patients with advanced - stage renal and 
extrarenal rhabdoid tumor  [136] .  
   •      Other promising drugs are topotecan and irinotecan against 
rhabdoid tumors as shown in xenograft models at the St Jude 
Children ’ s Research Hospital (Jeff Dome, personal communica-
tion). Clinical data on the activity of irinotecan in patients with 
malignant rhabdoid tumor is limited. Blaney  et al.  reported that 
1/2 patients with rhabdoid tumor had stable disease following 
treatment with irinotecan given on a daily  × 5 regimen  [137] .     

  Future  d irections 
 The prognosis for renal rhabdoid tumor remains dismal, and 
treatment is not yet standardized. However, the COG in Northern 
America as well as SIOP in Europe are now initiating prospective 
multi - center trials for renal rhabdoid tumor, and it is of utmost 
importance that molecular biological investigations are con-
ducted as part of this process in order to gain further insights into 
the biology of this rare tumor and thereby help to inform the 
rational development of novel treatment strategies.   

  Clear  c ell  s arcoma of the  k idney 

 Clear cell sarcoma of the kidney (CCSK) is a paediatric renal 
tumor that affects children primarily between the ages of 2 and 
5, and accounts for 3 – 5% of all childhood renal tumors  [138] . 
Kidd in 1970  [139]  was fi rst to recognize CCSK as an entity dif-
ferent from nephroblastoma, and in 1978 Morgan and Kidd 
 [140] , and Marsden and Lawler  [141]  simultaneously described 
the distinctive histopathological features of this tumor. Because 
of its propensity to metastasize to the bones, especially to the 
skull, Marsden defi ned it as a  ‘ bone metastasizing renal tumor of 

  Box 13.6    Clear cell sarcoma of the kidney key facts. 

        •      Rare tumor with similar presenting demography to that of 
nephroblastoma  

   •      Lack of genetic characteristics, which necessitates a 
histological diagnosis which can be diffi cult  

   •      Tendency to metastases to bone and brain  

   •      Approximate 60% survival for more localized disease, but 
poorer prognosis in the setting of metastatic disease  

   •      Current treatment strategies based on aggressive regimens 
based on the alkylating agents and etoposide     
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for diffuse anaplastic nephroblastoma or rhabdoid tumor. 
Treatment duration is 24 weeks in localized disease. All patients 
will receive local irradiation in AREN 0321, whereas in SIOP only 
patients with a local stage higher than I are irradiated. 

 Preliminary results of 50 patients with CCSK treated within the 
SIOP 93 - 01/GPOH study confi rm the benefi t of these treatment 
regimens  [156] . After a median observation period of 6.9 years 
the overall survival rate was 91%. Two of three patients with 
initial metastasis are in continuous complete remission. Only 
seven of the 50 patients relapsed, six of them had cerebral metas-
tasis, four of which were fatal. No fl ank relapse occurred. Patients 
younger than 2 years of age at diagnosis had a lower event - free 
survival rate (74%) than older patients (93%). A local stage III 
was the only signifi cant and independent risk factor in this study 
(event - free survival 97% versus 54%).  

  Future  d irections 
 With the introduction of carboplatin and etoposide to the treat-
ment regimen prognosis of patients with CCSK has signifi cantly 
improved. Even patients with initial metastatic disease can be 
cured today. Attention has to be given to the high intracerebral 
relapse rate. This clearly shows the importance of treating patients 
with this rare tumor in prospective multicenter trials. To achieve 
more insight into the pathogenesis of CCSK and to make further 
progress in the treatment of this entity, tumor material should 
always be stored for molecular genetic analysis.   
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   Introduction 

 The soft tissue sarcomas (STS) represent a diverse group of malig-
nancies derived from mesenchymal cells. The different STS his-
totypes are identifi ed according to the line of differentiation that 
may be recognized in the tumor cells. Thus rhabdomyosarcoma 
is composed of cells resembling normal fetal skeletal muscle, 
while fi brous structures are present in fi brosarcoma. In the pedi-
atric population the histologies have been divided for reasons of 
convenience into rhabdomyosarcoma (RMS), which is by far the 
largest diagnostic group at approximately 50%, and the non -
 rhabdomyosarcoma soft tissue sarcomas (NRSTS)  [1]  This latter 
group comprises all the other STS seen in children and includes 
a variety of rare histotypes with the most common being synovial 
sarcoma, fi brosarcoma and malignant peripheral nerve sheath 
tumor. 
   •      The incidence of soft tissue sarcoma in the 0 – 14 year age group 
is about 12 cases per million in North America  [2] .  
   •      STS comprise approximately 8% of all pediatric malignancies.    

 Since its original description in 1854 by Weber, RMS has dem-
onstrated to be a very aggressive tumor with less than one - third 
of children surviving in the 1960s after surgery and radiotherapy. 
In the 1970s, large cooperative national and international study 
groups started to adopt a systematic multidisciplinary approach 
including multidrug chemotherapy coordinated with surgery and 
radiotherapy. This led to a progressive increase of survival that is 
now above 70%  [3, 4] . A less impressive improvement has been 
seen for children with NRSTS. Due to the rarity of the different 
histotypes it has been very diffi cult to build meaningful clinical 
trials, even on a multinational basis. Thus the management of 
NRSTS has been derived from the knowledge gathered with RMS 
and from adult experience  [5]  (Box  14.1 ).    

  Rhabdomyosarcoma 

  Epidemiology and  g enetics 
 RMS is the most common form of soft tissue sarcoma in children 
and young adults and accounts for approximately 4 – 5 % of all 
childhood malignancy. 
   •      An annual incidence of 5.3 per million children under the age 
of 15 is recognized.  
   •      RMS occurs more frequently in the fi rst two decades of life and, 
in two - thirds of cases, arises before 6 years of age.  
   •      A male predominance (1.4 – 1.7: 1) is generally reported.    

 Disease etiology is unclear. Genetic factors may play an impor-
tant role as demonstrated by an association between RMS and a 
familial cancer syndrome (Li - Fraumeni), congenital anomalies 
(involving the genitourinary and central nervous system), and 
other genetic conditions, including neurofi bromatosis type 1. 
The search for a relationship between environmental factors and 
RMS has no found substantial evidence.  

  Pathology and  b iology 
 RMS is broadly and functionally divided into embryonal and 
alveolar histological subtypes (Table  14.1 ). Within the embryonal 
grouping, botryoid, spindle cells and (more recently) pseudovas-
cular sclerosing subtypes have been described  [6 – 8] . A solid 
variant of alveolar has been shown to be functionally and biologi-
cally equivalent to classical alveolar  [9] . All RMS show some 
immunohistochemical expression of: 
   •      Myogenic transcription factors (MyoD, myogenin).  
   •      Skeletal muscle specifi c proteins (desmin, myoglobin, muscle -
 specifi c actin).      

 However, ultrastructural features of striated muscle differen-
tiation are often absent on light microscopic or electron micro-
scopic appearance. It should be emphasized that there is no single 
or combination of ultrastructural or immunohistochemical fea-
tures proven to distinguish the RMS subtypes, although recently 
the degree of nuclear staining of myogenin has been shown posi-
tively to correlate with alveolar subtype  [10, 11] . 
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   •      These fusion proteins function as transcription factors that 
activate transcription from the respective PAX binding sites but 
are 10 to 100 fold more potent than the wild type PAX3 and PAX7 
proteins  [12, 13] .  
   •      The fusion proteins themselves are also expressed at much 
higher levels in ARMS cells than the wild type proteins  [14, 15]  
and it is hypothesized that the overexpression and increased tran-
scriptional potency combine to cause high level expression of the 
normal PAX target genes, which in turn drive tumorigenesis 
through alterations in growth, differentiation, and apoptosis.    

 Microarray and transcriptional analysis of PAX3 - FOXO1A 
target genes in tumor samples and cell lines respectively have to 
some degree validated this contention  [16 – 18] . Recently it has 
been suggested that PAX3 - FOXO1A has functions independent 
of transcription, for example through physical interaction with 
STAT3 and modulation of the tumor immune environment 
 [19 – 21] . 

 Although no recurrent chromosomal rearrangements have 
been described in embryonal RMS, allele loss at chromosome 
region 11p15.5 is reported to occur suggesting the presence of 
tumor suppressor gene/s in this region. 
   •      Allele loss is most usually of maternally inherited copies in both 
rhabdomyosarcoma and other embryonal tumors such as Wilms ’  
with allele loss at this locus.  
   •      This suggests the involvement of imprinted genes, and the 
putative tumor suppressors H19 and p57/kip2 mapping to this 
region have both been shown to be paternally imprinted (mater-
nally expressed).    

 It is therefore hypothesized that these, and other paternally 
imprinted genes in the region, are lost in embryonal RMS as a 

  Table 14.1    Histological subtypes of rhabdomyosarcoma. 

   Subtype     Clinical presentation     Histology     Prognostic 
signifi cance  

   Biology  

  Classical embryonal    Any site; rarely limbs; age  <    10    Strap - shaped cells with elongated 
nuclei; primitive to highly 
differentiated muscle cells  

  Intermediate    PAX - FOXO fusion 
proteins absent  

  Botryoid    Genitourinary; age  <    10    Macroscopically resembles a 
bunch of grapes; cambial layer 
of tumor cells underlies intact 
epithelium  

  Favorable    PAX - FOXO fusion 
proteins absent  

  Spindle cell    Paratesticular    Spindle - shaped cells at low 
density  

  Favorable    PAX - FOXO fusion 
proteins absent  

  Pseudovascular 
sclerosing  

  Usually adults; can occur in childhood    Characterized by extensive 
hyaline fi brosis and 
pseudovascular growth 
patterns  

  Not known in children    PAX - FOXO fusion 
proteins absent  

  Classical alveolar    Often limbs; can occur elsewhere; usually 
 > 10 however PAX7 - FOXO1A positive 
cases in a younger age group  

  Fibrovascular connective tissue 
septae lined by tumor cells  

  Unfavorable    PAX - FOXO fusion 
proteins present 
(in 80%)  

  Solid variant alveolar    Often limbs; can occur elsewhere ; age 
usually  > 10  

  Same cellular morphology as 
classical alveolar but without 
the alveolar growth pattern  

  Unfavorable    PAX - FOXO fusion 
proteins present 
(in 80%)  

  Box 14.1    Comparison of presentation, epidemiology, 
and outcome for rhabdomyosarcoma ( RMS ) and 
non - rhabdomyosarcoma soft tissue sarcoma ( NRSTS ). 

      RMS    NRSTS  

  Age at presentation    Mainly below age 
6 years  

  Older child and 
adolescent  

  Sex    Male    >    female    Equal distribution  
  Sites of disease    Head and 

neck    >    GU 
and extremities  

  Mainly extremities  

  Localized at 
presentation  

  80%    80%  

  Metastatic at 
presentation  

  20% with lymph 
nodes, bone 
and lung  

  10%  

  Cytogenetics    t(2; 13), t(1;13)    No pattern  
  Molecular biology    Fusion proteins 

involving PAX  
  Not informative 

as yet  
  Survival for 

localised disease  
  60 – 70%    70 – 80%  

  Survival for 
metastatic disease  

   < 25% depending on age and bony 
involvement  

 As a result of careful analysis of reciprocal chromosomal trans-
locations t(2;13)(q35;q14) and t(1;13)(p36:q14) characteristically 
occurring in alveolar RMS, the encoded fusion proteins PAX3 -
 FOXO1A (formerly PAX3 - FKHR) and PAX7 - FOXO1A have 
been cloned and characterized. 
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  4     Genitourinary tract (includes two subcategories: (a) bladder 
and prostate; (b) non - bladder and prostate, i.e. vagina, vulva, 
uterus, paratesticular).  
  5     Extremities (up to the scapular area superiorly and the but-
tocks inferiorly).  
  6     Other sites: includes trunk wall, intrathoracic area, intra -
 abdominal, retroperitoneal, pelvic, perineal and paravertebral 
regions.    

 RMS tends to spread locally, invading the nearby organs, and 
disseminate along both lymphatic and hematogenous routes. 
   •      At diagnosis, local lymph node involvement is evident in 0 – 25% 
of cases, being higher for pelvis - retroperitoneum or extremities 
RMS (23%) and virtually absent for orbital tumors.  
   •      Distant metastases are discovered at diagnosis in approxi-
mately 20% of children, more frequently to lungs, bone marrow, 
bones, and distant lymph nodes. Less frequently other sites, such 
as abdominal organs, subcutaneous tissues or CNS, may be 
involved.    

 Symptoms are due to an enlarging mass and its effects on the 
surroundings organs. Therefore presentation is strongly infl u-
enced by site. Orbital tumors tend to present early with obvious 
displacement of the globe. In contrast, tumors arising in the 
head - neck region may result in a relatively long history of non -
 specifi c symptoms with a fi nal  ‘ sudden ’  appearance of a progres-
sive swelling. 

 Parameningeal RMS arises from head and neck locations adja-
cent to the meninges (including the nasopharynx, nasal cavity, 
middle ear/mastoid, paranasal sinus, pterygopalatine fossa, para-
pharyngeal space, and orbit with intracranial extension). These 
tumors have the potential to extend into the meninges and intrac-
ranially. The destruction of contiguous structure determines the 
symptoms: nasal discharge or obstruction from a mass in the 
nasopharynx, cranial nerve palsies or hypertension resulting from 
an intracranial mass lesion. 

 Bladder and prostate RMS may present with voiding diffi cul-
ties or with symptoms mimicking cystitis. Paratesticular tumors 
present as a scrotal mass and are usually detected at an early stage 
in young children, whereas they might be hidden for a long time 
by adolescents. The presentation of abdominal or thoracic RMS 
is usually characterized by development of a mass not discovered 
until very large and invasive. Often the child is not unwell (for 
example in the case of extremity tumors) unless there is meta-
static disease. In rare cases, the primary site is unknown but 
metastases are present and diagnosis is made through a bone 
marrow examination.  

  Investigation and  s taging 
 Diagnostic and staging investigations must aim to obtain a precise 
defi nition of the primary tumor with its locoregional extension, 
and an accurate assessment of the potential metastatic sites, prior 
to treatment planning. Imaging of the primary site should include 
tumor volume measurement and examination of regional lymph 
nodes, especially if not evaluable clinically, or if clinically suspi-
cious. Pretreatment investigations may vary depending mainly on 

result of chromosome deletion of the maternal chromosome 
region resulting in a loss of tumor suppression. Whether genetic 
alteration of this region is also important in alveolar RMS is not 
clear; some studies have shown alterations of imprinting of the 
area in both histologies  [22, 23] , which might result in equivalent 
changes of protein expression by a different genetic mechanism. 

 Very signifi cant genetic differences between alveolar and 
embryonal forms, however, are disclosed by analysis of gross 
chromosomal changes. 
   •      Alveolar RMS is characterized by small amplifi cations and dele-
tions but minimal changes in ploidy.  
   •      Embryonal RMS typically shows whole chromosome gains and 
losses. Small - amplifi ed regions (amplicons) are hypothesized to 
contain oncogenes, deregulated as a result of increased copy 
number of the whole gene and its regulatory sequences. For 
example, MDM2 and CDK4 are amplifi ed in the 12q13 - 15 ampli-
con; MYCN is amplifi ed at 2p24; and GPC5 from a 13q31 ampli-
con has been shown to be oncogenic in rhabdomyosarcoma  [24] .  
   •      Similarly, a number of tumor suppressor genes are mutated or 
inactivated by other mechanisms in both histological types, such 
as for example, RB/CDKN2A pathway alterations and p53 inac-
tivation, which can occur in sporadic RMA as well as families with 
inherited mutations of p53 (Li Fraumeni syndrome)  [24] .    

 More recently novel insights into the histogenesis of RMS have 
followed from murine transgenic or knock - in models in which 
putative genes involved in rhabdomyosarcoma development are 
de - regulated in the animal ’ s somatic cells. Specifi cally, Ptch 
mutant mice, which are a model of Gorlin syndrome and which 
primarily develop medulloblastoma, show a high incidence of 
embryonal type RMS, as do HGF transgenic mice. It is important 
to note that the resemblance of these tumors to human RMS is 
not clearly defi ned. More convincing are tumors resembling 
alveolar RMS, arising in conditional knock - in mice in which 
PAX3 - FOXO1A is switched on in late muscle differentiation. 
However, several other models of PAX3 - FOXO1A expression in 
which the fusion protein expression is controlled by different 
genetic elements have either been non - viable or failed to develop 
tumors, indicating that the cellular environment is a critical 
determinant of PAX3 - FOXO1A function  [25] .  

  Clinical  p resentation 
 RMS can develop in any anatomic location of the body where 
mesenchymal tissue other than bone is present. The most 
common primary sites are the head and neck (40%), genitouri-
nary sites (20%) and extremities (20%). In 1986 European and 
US clinical investigators agreed an international defi nition of 
anatomical sites and identify six categories on the basis of fre-
quency, treatment problem and different prognosis  [26] : 
  1     Orbit (tumor confi ned into the orbital cavity without intrac-
ranial extension).  
  2     Parameningeal (all locations adjacent to the meninges, from 
whence the tumor can spread intracranially).  
  3     Head - neck non - parameningeal (includes scalp, parotid, check, 
oral cavity with oropharynx, larynx, thyroid area, and neck).  
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RMS although it is an important emerging fi eld in adult soft 
tissue sarcoma  [27, 28] .    

 It is recommended that the same imaging procedure is used 
throughout the treatment for response evaluation. It is important 
to emphasize that clinical history and imaging are vital for staging 
and might strongly suggest a diagnosis of RMS, but diagnosis 
must be established histologically.  

  Staging 
 The most used classifi cation of RMS is the one formulated by 
the Intergroup Rhabdomyosarcoma Study (IRS) in 1972  [29] . 
Patients were stratifi ed into four groups according to the results 
of the initial surgery, and the spread of the tumor to local tissues 
and/or to the lymph nodes (Table  14.2 ). This system has been 
criticized because the clinical tumor characteristics (size, inva-
siveness) were not taken into account adequately and relied 
mainly on the ability and attitude of the surgeon.   

 European investigators taking part in the SIOP group chose to 
use a TNM (tumor, nodes and metastases) based classifi cation 
relying on the clinical description of the disease, before and after 
initial surgery. Collaboration between groups has subsequently 
resulted in the incorporation of both clinical and surgical aspects 

the anatomical sites affected but in general should include the 
following: 
  1     Biopsy or primary surgery. Adequate tissue must be obtained 
for morphological, histochemical and molecular/cytogenetic 
analysis following consultation with laboratories skilled in per-
forming these techniques. Fresh tissue is required for optimal 
analysis which is often a requirement for accurate diagnosis. 
Storage of fresh material for research is extremely important. 
Fine needle aspiration biopsy is not recommended because the 
limited sample may cause problems to the pathologic and bio-
logical investigations. Endoscopic biopsies are often possible for 
bladder, prostate, or vaginal tumors. Primary surgery is indicated 
if there is no evidence of metastatic spread, and if clinical factors 
and imaging indicate a high likelihood of resection with clear 
margins.  
  2     Magnetic resonance imaging (MRI) or computed tomography 
(CT) scan of the primary site. The choice between MRI and CT 
often depends on local availability. MRI carries the potential 
advantage of more functional information. CT or MRI examina-
tion should be carried out with the use of contrast. MRI is prefer-
able for most locations, other than the chest, including head and 
neck tumors with possible skull base invasion. MRI is mandatory 
for genito - urinary primaries and paraspinal tumors. CT is occa-
sionally useful for assessing subtle bone destruction. The investi-
gation may need to be performed again after surgical excision or 
biopsy if signifi cant volume has been resected.  
  3     Chest CT scan: the presence of lung metastases must be evalu-
ated in all patients at diagnosis by CT scan. Postero - anterior and 
lateral chest X - ray may be useful for follow up.  
  4     Abdomen - pelvic CT scan (during same acquisition as chest 
CT): for abdominal and pelvic primaries if MRI has not been 
performed and to assess the presence of liver metastasis and 
search for abdominal lymphadenopathy in case of paratesticular 
or lower limb primaries.  
  5     Radionuclide bone scan (with plain X - rays and/or MRI of any 
isolated abnormalsite). Mandatory in all patients at diagnosis.  
  6     Bone marrow aspiration and biopsy.    

 Other investigations may be appropriate according to the dif-
ferent the primary sites and include the following: 
   •      Ultrasound of the primary tumor and possible metastatic site 
(liver, abdomen) is advisable in most cases to simplify the patient 
follow up.  
   •      Cerebrospinal fl uid (CSF) cytology in case of parameningeal 
tumors.  
   •      Cystourethroscopy with biopsy for tumors arising in the 
bladder prostate site.  
   •      Brain cross - sectional imaging should be considered in cases of 
extremity RMS as brain metastases seem to be more frequent in 
this setting.  
   •      Spinal MRI is recommended in case of paraspinal tumors or 
the presence of neurological signs of medullary compression.  
   •      Positron emission tomography (PET) - CT is an optional inves-
tigation according to local availability and local protocols. The 
diagnostic and prognostic meaning is not proven for pediatric 

  Table 14.2     IRS  Clinical Grouping System. 

   Group I   
  Localized disease, completely resected. Regional nodes not involved.  
  (a) Confi ned to muscle or organ of origin.  
  (b) Continuous involvement: infi ltration outside the muscle or organ of origin.  

   Group II   
  Total gross resection with evidence of regional spread.  
  (a) Grossly resected tumor with microscopic residual disease, no evidence of 

regional lymph node involvement (all visible tumor has been removed but the 
pathologist fi nds tumor at the margin of resection).  

  (b) Regional disease, completely resected with no microscopic residual but with 
involved nodes (both primary tumor and involved nodes are completely 
resected).  

  (c) Regional disease with involved nodes, grossly resected, but with evidence of 
microscopic residual disease.  

   Group III   
  Incomplete resection with gross residual disease.  
  (a) After biopsy only.  
  (b) After major resection ( > 50%) of the primary tumor.  

   Group IV   
  Distant metastases present at diagnosis.  

   •  Be aware about node involvement: regional nodes infi ltration place patients in 
the more favorable Group II or III, while distant node infi ltration means 
evidence of metastatic disease (Group IV).  

   •  Patients with positive cytology in the cerebrospinal fl uid, pleural/effusion, 
ascites or pleural/peritoneal implants are usually treated as patients in Group 
IV.  
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into the contemporary staging systems for rhabdomyosarcoma. 
Unfortunately, this has led to more complicated classifi cations. 
As an example, the European Pediatric Soft Tissue Sarcoma Study 
Group (E p SSG) stratifi cation (Table  14.3 ) takes into considera-
tion six different prognostic factors leading to the identifi cation 
of eight subgroups that will receive different treatments according 
to the resulting four risk groups.    

  Treatment 
 A multimodality approach involving surgery, chemotherapy, and 
radiotherapy is necessary in the treatment of children with RMS. 
The optimal timing and intensity of these three treatment modal-
ities must be planned with regard to the prognostic factors, and 
consideration of the potential late sequelae of treatment. 

  Prognostic  f actors 
 Modern protocols determine treatment strategy according to 
disease extension (localized versus metastatic), histology, post -
 surgical status, tumor site and size, and patient age. The presence 
of metastatic disease at diagnosis represents the main prognostic 
factor that generally overshadows all the other factors in deter-
mining a dismal outcome. Therefore, more intensive or innova-
tive treatments are required for this group of patients. 

 For non - metastatic RMS patients, the treatment is tailored on 
the balance of different prognostic characteristics. The most 
important are described in Table  14.4 . It is important to note that 
these factors are often interdependent: 
   •      Limb tumors are generally of the alveolar type whereas genito -
 urinary RMS are embryonal (or other favorable variants such as 
botryoid or spindle cell).  
   •      Alveolar subtype shows a higher rate of metastasis and regional 
nodes involvement. Post - surgical status is strictly correlated with 
tumor site.  

  Table 14.3    Risk stratifi cation for  E  p  SSG  non - metastatic rhabomyosarcoma ( RMS ) study. 

   Risk group     Subgroups     Pathology     Post -  surgical stage 
(IRS Group)  

   Site     Node stage     Size and age  

  Low risk    A    Favorable    I    Any    N0    Favorable  
  Standard Risk    B    Favorable    I    Any    N0    Unfavorable  

  C    Favorable    II, III    Favorable    N0    Any  
  D    Favorable    II, III    Unfavorable    N0    Favorable  

  High Risk    E    Favorable    II, III    Unfavorable    N0    Unfavorable  
  F    Favorable    II, III    Any    N1    Any  
  G    Unfavorable    I, II, III    Any    N0    Any  

  Very High Risk    H    Unfavorable    I, II, III    Any    N1    Any  

   (1) Pathology. Favourable, all embryonal, spindle cells, botryoid RMS. Unfavourable, all alveolar RMS (including the solid - alveolar variant). (2) Post surgical stage 
(according to the IRS grouping, see appendix A.2). Group I, primary complete resection (R0); Group II, microscopic residual (R1) or primary complete resection but N1; 
Group III, macroscopic residual (R2); (3) Site. Favorable: orbit, genitor - urinary non - bladder prostate (i.e. paratesticular and vagina/uterus) and non - parameningeal head  &  
neck. Unfavourable: all other sites (parameningeal, extremities, GU bladder - prostate and  ‘ other site ’ ). (4) Node stage (according to the TNM classifi cation, see appendix 
A1 and A5). N0, no clinical or pathological node involvement. N1, clinical or pathological nodal involvement. (5) Size and age. Favourable, tumor size (maximum 
dimension)  ≤ 5   cm and age  < 10 years. Unfavourable, all others (i.e. size  > 5   cm or age  ≥ 10 years).   

  Table 14.4    Prognostic factors for localized rhabdomyosarcoma. 

  Histology    Favorable: embryonal, spindle cells, botryoid RMS 
 Unfavorable: alveolar tumors (including the 

solid - alveolar variant)  
  Tumor site    Favorable: orbit, genito - urinary non - bladder 

prostate (i.e. paratesticular and vagina/uterus) 
and head and neck non - paramenigeal 

 Unfavorable: parameningeal, extremities, 
genito - urinary bladder - prostate and  ‘ other site ’   

  Tumor size 
 (maximum dimension)  

  Favorable: tumor size  ≤    5   cm 
 Unfavorable: tumor size  >    5   cm  

  Lymph node 
involvement  

  According to the TNM classifi cation: 
 N0: no clinical or pathological node involvement 
 N1: clinical or pathological nodal involvement  

  Initial surgery    This is defi ned according to the IRS Grouping  
  Patient age    Favorable: age  <    10 years (but infants age  < 1   year 

seem to have a worst prognosis) 
 Unfavorable: age  > 10 years  

   •      Complete resection is frequently possible for paratesticular 
RMS whereas is rare in cases of parameningeal location.      

 Biological prognostic factors are still lacking for RMS, but for 
the population with alveolar RMS the presence of t(2;13)
(q35;q14) or t(1;13)(p36;q14) translocations seems to identify 
groups with different prognosis  [30 – 32] . 

 The combination of different prognostic factors broadly iden-
tifi es distinct risk groups: 
  1     Low Risk Group: this represents a much - selected group of 
patients, accounting for 6 – 8% of the whole population of local-
ized RMS, with an expected 90% event - free survival (EFS) at 5 
years. Includes IRS Group I tumors with favorable histology and 
site. Most of these patients are represented by children with para-
testicular RMS.  
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purposes. In extremity sites, systematic biopsy of regional nodes 
is recommended in the current E p SSG protocol even if nodes are 
not palpable or enlarged on imaging. New techniques of sentinel 
node mapping (with blue dye and/or radioactive tracer) are 
under investigation  [35] . Radical lymph node dissections are 
generally not indicated and involved lymph nodes should be irra-
diated whether resected or not, if feasible. When the primary 
tumor control has been achieved, resection of all metastatic 
lesions should be considered if they are still evident after 
chemotherapy.  

  Radiotherapy 
 Radiotherapy is an essential treatment for most patients with 
rhabdomyosarcoma, but the awareness of the possible late effects, 
especially in young children, has led to attempts to identify cat-
egories of patients that can be cured without irradiation. 
   •      The SIOP Group has adopted for many years the strategy to 
limit the use of radiotherapy to patients in whom clinical com-
plete remission has not been achieved with chemotherapy  [36] . 
This approach has been partially successful in the subsets of 
patients with orbital embryonal RMS where up to 40% of patients 
were cured without irradiation  [37] .  
   •      These results have been criticized, however, because they are 
counterbalanced by a much higher rate of local relapse and the 
necessity for an aggressive second line approach to cure relapsed 
patients.    

 The only patients where radiotherapy can be safely withheld 
are those affected by embryonal RMS completely resected at diag-
nosis, or located in the vagina and in complete remission after 
chemotherapy  [38, 39] . Data from different studies show that 
failure - free survival is signifi cantly improved when radiotherapy 
is used in the other groups of patients (i.e. IRS I and unfavorable 
histology, IRS II and IRS III patients)  [38] . However, reduction 
of late effects may also be achieved not only avoiding irradiation 
but also with better radiotherapy planning, reducing doses and 
investigation of new techniques such as intensity - modulated 
radiation therapy (IMRT). 

 As a consequence, radiotherapy should be performed only in 
centers with the most modern facilities and adequate pediatric 
experience. A 3 - D - conformal radiotherapy planning is recom-
mended when critical structures lie in or nearby the target 
volume. The target volume should be chosen according to the 
initial tumor volume plus adequate margins (1 – 2   cm), and should 
include scars of the initial or secondary surgery. In cases of large 
tumors, after the initial dose, a boost can be given to a more 
limited target fi eld, i.e. including only the residual tumor plus a 
1 or 2   cm margin. 

 Doses in excess of 50   Gy are not usually required when given 
by conventional (once a day) fractionation. However, there is also 
evidence that doses  < 40   Gy may be insuffi cient, particularly in 
patients with macroscopic residual disease. Current guidelines 
within the Children ’ s Oncology Group (COG) and E p SSG pro-
tocols vary the prescribed dose from 40 to 55   Gy depending on 
site, size and histological subtype, as well as on the age of the 

  2     Intermediate Standard Risk Group: with 60 – 80% survival. 
Includes patients with favourable histology and site (i.e. embryo-
nal RMS localized in orbit, head and neck site).  
  3     High Risk Group: survival below 60% (i.e. unfavourable site 
such as trunk, pelvis, extremities, and/or alveolar histology).  
  4     Very High Risk Group: this includes mainly metastatic RMS. 
In this group, survival is between 20 and 30%.      

  Surgery 
 The aim of surgery is to achieve tumor clearance with no, or 
minimal, long - term sequelae. The type and timing of surgery 
depends on the site and size of the primary tumor, the age of the 
patient and the response to initial chemotherapy. Surgical plan-
ning should include all reconstructive procedures with optimal 
timing of possible additional radiotherapy. 

 Tumor may be resected at diagnosis when an excision with 
adequate margins is anticipated without any danger or mutila-
tion. This means that a layer of healthy tissue between tumor and 
resection margins should exist. The extent of this layer (2 – 5   cm) 
is not precisely defi ned in pediatric tumor surgery and could be 
very limited to avoid organ damage. A partial tumor resection 
(debulking) does not give any advantage in terms of survival, 
although recent data suggest this may not be true for all sites  [33] . 

 A primary re - excision (i.e. a second surgical resection before 
chemotherapy) should be considered when an initial operation 
results in positive margins. 
   •      This applies particularly to trunk, limb, and paratesticular 
tumors, when it can be anticipated that clear margins of excision 
can be achieved without functional or cosmetic disadvantage 
 [34] .  
   •      The interval between initial surgical approach and chemother-
apy, including primary re - excision should be as short as possible 
(most protocols ask for less than 8 weeks). Extensive,  ‘ mutilating ’  
operations should never be considered at primary resection.    

 After chemotherapy a secondary operation should be consid-
ered in cases of residual mass or in doubtful cases. Marginal 
resections may also be acceptable, provided that they are followed 
by radiotherapy. Secondary operations should usually be con-
servative but  ‘ mutilating ’  operations may sometimes be consid-
ered necessary after unsuccessful neo - adjuvant chemotherapy or 
radiotherapy. 

 Reconstructive procedures have to be included early enough in 
the planning of the resection. It is desirable to have the histologi-
cal evaluation before reconstructive surgery. In cases, however, 
where reconstructive vascular surgery or microvascular surgery is 
involved, this is mostly not possible. Therefore in some cases 
resection and reconstructive surgery have to be performed at the 
same time without histological confi rmation of the status of the 
resection. 

 Surgery should be also considered for lymph nodes and meta-
static lesions. Clinically or radiologically suspicious regional 
lymph nodes should be sampled at diagnosis. Tru - cut biopsy may 
be useful to confi rm nodal involvement but only if a conventional 
biopsy of the primary tumor has been obtained for diagnostic 
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a multi - drug regimen remains to be established, the E p SSG is 
testing a novel intensive combination doxorubicin - based 
(IVADo) in the initial part of the recently open RMS2005 
protocol. 

 Since the replacement of cyclophosphamide by ifosfamide 
seemed to improve the response rate  [48]  the IVA or VAIA regi-
mens were adopted in different European studies  [49, 50] . More 
recently patients enrolled in the IRS IV study were randomized 
to receive chemotherapy with VAC or IVA or VIE (vincristine, 
ifosfamide, etoposide). No signifi cant difference in outcome was 
noted and VAC was elected as gold standard by the American 
investigators due to the lower cost of cyclophosphamide and the 
possible nephrotoxicity of ifosfamide  [3] . 

 European groups have decided to keep therapy with IVA as a 
standard combination because there is only a small risk of signifi -
cant renal toxicity at cumulative ifosfamide doses  < 60   g/m 2 , and 
a higher risk of gonadal toxicity with cyclophosphamide. Further 
investigations aimed to test novel combinations or new drugs, 
namely CEVAIE, a six - drug regimen which includes all the most 

child. Cooperative groups are also exploring the effectiveness of 
moderate radiation doses (32 – 36   Gy) for patients with favorable 
site and histology. 

 Different irradiation techniques are also under investigation. 
In the IRS IV trial, radiotherapy doses of 50.4   Gy in conventional 
fractionation were randomized against 59.4   Gy using hyperfrac-
tionation in patients with group III tumors  [40] . Higher radiation 
doses did not improve the patients ’  outcome and the follow up 
is too short to assess a difference in late effects. Brachytherapy 
may be used in cases of incompletely resected tumors of vagina, 
perineum, bladder, prostate, and orbit, or as a boost technique 
before or after external beam irradiation.  

  Chemotherapy 
 Cyclophosphamide, ifosfamide, vincristine, actinomycin D, and 
doxorubicin have been employed in various combinations for the 
treatment of RMS, but only a limited amount of data concerning 
single agent responses is available. A review  [41]  of early phase II 
studies investigating single agent treatment of RMS indicated 
high tumor response rates with: 
   •      Vincristine (50%).  
   •      Cyclophosphamide (54%).  
   •      Doxorubicin (31%).  
   •      Actinomycin - D (24%).    
 For ifosfamide, response rates in the face of a total dose of 9   g/m 2  
fractionated over 5 days was associated with a response rate of 
85% in the phase II setting  [42] , and this fi nding has encouraged 
the use of ifosfamide over cyclophosphamide in contemporary 
European as opposed to North American clinical trials  [43] . 

 Thus, chemotherapy is effective to reduce the primary tumor, 
and to control occult and evident metastasis. Despite its high 
activity against RMS, chemotherapy can rarely cure patients 
alone, but reduces the extent of subsequent surgery and radio-
therapy. To improve its effect the most active drugs have been 
combined in different multidrug regimens and those most widely 
used are shown in Table  14.5 .   

 In general, the North American investigators use vincristine 
and actinomycin - D (VA) for favorable tumors and vincristine, 
actinomycin - D, and cyclophosphamide (VAC) for intermediate 
and high - risk patients. The cyclophosphamide dose has varied in 
the different IRS protocols increasing up to 2.2   g/m 2  in the IRS 
IV study  [3] . This dose escalation was claimed as one of the 
reasons to explain the progressive improvement of results 
obtained in the successive IRS studies, but this observation has 
been recently questioned when further analysis showed no sig-
nifi cant improvement in intermediate risk patients and a higher 
risk of veno - occlusive disease  [44, 45] . 

 Doxorubicin, as single drug, is very effective against RMS and 
other STS. Different randomized trials and historical compari-
sons performed by the IRS Group, however, did not show differ-
ent results when patients with RMS are treated with VAC or VAC 
plus doxorubicin. Only a marginal improvement was noted in 
some subgroups, i.e. IRS group I/II alveolar histology and special 
pelvic sites  [29, 46, 47] . Since the role of anthracyclines as part of 

  Table 14.5    Common chemotherapy combinations. 

  VA    Vincristine 1.5   mg/m 2  i.v. (max 2   mg)    ×    1 day 
 Actinomycin - D 1.5   mg/ m 2  i.v. (max 2   mg)    ×    1 day  

  Pulse VAC    Vincristine 1.5   mg/ m 2  i.v. (max 2   mg) 
 Actinomycin - D 0.015   mg/kg/day    ×    5 days or 1.5   mg/ m 2  

i.v. (max 2   mg)    ×    1 day 
 Cyclophosphamide 10   mg/kg/day    ×    3 days or 

250   mg/ m 2 /day    ×    5 – 7 days  
  Intensive 

pulse VAC  
  Vincristine 1.5   mg/ m 2  i.v. (max 2   mg)    ×    1 day 
 Actinomycin - D 0.015   mg/ m 2  (max 0.5   mg)/day 

i.v.    ×    5 days 
 Cyclophosphamide 2.2   g/ m 2     ×    1 day  

  IVA    Ifosfamide 3   g/m 2  i.v.    ×    2 or 3 days 
 Vincristine 1.5   mg/ m 2  i.v. (max 2   mg)    ×    1 day 
 Actinomycin - D 1.5   mg/ m 2  i.v. (max 2   mg)    ×    1 day  

  VAIA    It is composed of three cycles with IVA given as cycle 
1 and 3 and IVAd as cycle 2. 

 In IVAd actinomycin - D is replaced by adriamycin 
40   mg/m 2  i.v.    ×    2 days  

  CEVAIE    It is composed of three cycles: 
 (1) CEV: carboplatin 500   mg/m 2  i.v.    ×    1 day; 

epi - adriamycin 150   mg/m 2  i.v.    ×    1 day; vincristine 
1.5   mg/m 2  (max 2   mg) i.v.    ×    1 day; 

 (2) IVA as above 
 (3) IVE as IVA but with etoposide 200   mg/ m 2 /day    ×    

3 days replacing actinomycin - D  
  VTP    Vincristine 1.5   mg/ m 2  i.v. (max 2   mg)    ×    1 day 

 Topotecan 0.75   mg/ m 2     ×    5 days 
 Endoxan 250   mg/ m 2     ×    5 days  

  IVADo    IVA (as above) plus concomitant administration of 
Doxorubycin 30   mg/m 2  i.v.    ×    2 days  

   Most protocols recommend a 3 week interval between cycles and administer 
vincristine weekly for at least the initial 7 – 9 weeks.   
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such as tumor response to chemotherapy and the patient ’ s age. 
The different approaches according to tumor site are summarized 
in Table  14.6 .    

  Results,  s urvival, and  o utcome 
 The incremental increase in survival from 20% to above 70% 
clearly shows the improvement achieved from the initial proto-
cols launched in the seventies to the most modern studies  [3, 57]  
Remarkably, patients with localized RMS have benefi ted the most 
whilst prognosis has changed little for patients with metastatic 
disease where failure free survival remains between 20 and 30%. 
The 3 - year overall and failure - free survival for patients with local-
ized disease reported in the most recently published American 
study (IRS IV) were 77% and 86%, respectively, but did not 
signifi cantly differ from the 5 - year progression - free survival of 
65% reported in IRS III. 

 These fi ndings compare with the 57% and 71% 5 - year EFS and 
overall survivals (OS) reported in SIOP MMT 89. The large dif-
ference between OS and EFS in the SIOP study refl ects the strat-
egy to limit the use of radiotherapy in localized disease. This has 
led to a higher relapse rate but also to an increased possibility to 
cure patients not receiving radiotherapy during fi rst line treat-
ment. The results achieved by the different cooperative Groups 
are presented according to site in Table  14.7 .   

 When RMS recurs the event is typically within 3 years from 
diagnosis, and there is a very low rate of recurrence after 5 years 
 [58] . 
   •      Treatment failure is mostly due to local or regional relapse 
(approximately 60% of failures), with metastatic relapse occur-
ring in 30% of cases, and combined local and metastatic relapse 
in the remaining 10 – 20%.  
   •      Local relapse is obviously associated with local treatment and 
it is higher when radiotherapy is not given. Distant relapse is 
more often associated with alveolar subtypes or primary tumor 
in the extremities.    

 Children suffering from tumor relapse are very diffi cult to cure 
and the estimated median survival after the fi rst relapse is less 
than one year  [59] . Recent studies showed that some favorable 
characteristics (embryonal histology, favorable primary site and 
the omission of radiotherapy during fi rst line treatment), are 
associated with a second long - term complete remission. Children 
with alveolar histology or IRS group IV at diagnosis rarely survive 
after recurrence  [60] . 

 In the  in vitro  setting, the chemosensitivity of RMS cells related 
to the expression of MDR1  [61] , where chemotherapy can up 
regulate the expression of multidrug - resistance associated pro-
teins such as MRP and MDR1 in the xenograft setting  [62] . These 
pre - clinical observations have not been widely investigated in 
clinical practice, but MDR1 expression has been found to relate 
to an adverse outcome for patients with orbital rhabdomyosar-
coma  [63] . However, whether or not MDR1 expression is an 
important determinant of disease outcome is uncertain, with 
confl icting reports of the relevance of MDR1 expression to the 
prognosis for RMS  [64, 65] .  

effective drugs against RMS, gave excellent response rates in 
metastatic patients  [51] , but has failed to translate to improve-
ments in patient survival  [52] . 

 New drugs have recently been included in a randomized com-
parison in North American and European trials. Topotecan (VTP 
regimen) is under evaluation for intermediate risk patients in the 
ongoing COG D9803 study  [4] . Vinorelbine in combination with 
low dose cyclophosphamide is included in one arm of the 
European trial RMS2005  [53] . Irinotecan, administered on a pro-
longed schedule, revealed an interesting response rate in patients 
with recurrent or metastatic RMS, especially when combined 
with vincristine. The low hematological toxicity profi le of irinote-
can suggests a possible use in association with more myelotoxic 
agents  [54] . 

  High and  l ow  d ose  c hemotherapy 
 In the attempt to overcome tumor cell chemoresistance, different 
strategies of dose intensifi cation have been tested. In particular, 
high dose chemotherapy (HDCT) followed by hematopoietic 
stem cell rescue (HSCR) has been explored in different trials. 
   •      In the European MMT4 protocol the use of high - dose melpha-
lan as consolidation therapy for children with metastatic disease 
in fi rst complete remission resulted in an unsatisfactory 29% 
3 - year EFS.  
   •      Similar poor results were achieved with other myeloablative 
regimens such as combination of melphalan, etoposide, and car-
boplatin (MEC regimen), thiothepa, cyclophosphamide and car-
boplatin, or melphalan and etoposide. The 2 or 3 - year EFS in 
such studies ranged from 19 to 44%  [55, 56] .    

 An attempt to use repetitive courses of HDCT with HSRC 
earlier in the treatment pathway, has been evaluated recently 
by the SIOP and the Italian Groups without any advantage 
(unpublished). 

 In contrast, the German Group recently found a survival 
advantage for metastatic patients when low dose  ‘ maintenance ’  
chemotherapy (oral treatment with trofosfamide plus idarubicin) 
was administered instead of high dose chemotherapy (thiotepa, 
cyclophosphamide and melphalan, etoposide). The results in 62 
patients are very promising with 3 - year EFS above 50% for 
patients taking oral treatment (and EFS 20% after high dose). 
Since the comparison was not randomized, this result awaits 
confi rmation.   

  Multimodality  t reatment  a ccording to  s ite 
 Site is a major determinant for the application of the general 
principles of the multimodality approach. Indeed, whilst chemo-
therapy can be the same irrespective of the primary tumor loca-
tion this is not the case for local treatment measures. Surgery has 
a limited role for orbital or parameningeal tumors so radiother-
apy must be considered. On the contrary, surgery is a require-
ment for cure of children with paratesticular RMS, in combination 
with minimal chemotherapy and avoidance of radiotherapy. In 
other sites the administration of radiotherapy and surgery modal-
ities must be carefully planned taking into account other variables 
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  Table 14.6    Multimodality treatment according to specifi c tumor. 

        Initial surgery     Chemotherapy     Local treatment     Additional comments  

  Orbit (favorable)    Biopsy    VA or VAC or IVA    RT is preferred as 
complete resection is 
rarely possible  

  When a complete remission is achieved with chemotherapy 
1/3 of the patients can be cured without RT 

 Alveolar histotype needs more aggressive chemotherapy and 
higher RT doses 

 In case of intracranial extension the tumor must be classifi ed 
as PM  

  Paratesticular    Complete resection through 
an inguinal approach  

  IRS I: VA 
 IRS II or III: VAC 

or IVA  

  No RT when IRS I 
 In case of residual disease 

after initial CT, surgery 
is preferred and can 
avoid RT if complete  

  Retroperitoneal lymphadenectomy or node sampling at 
diagnosis is not recommended by European Groups but it 
is recommended by COG in children  > 10 years 

 When the initial surgical approach has been through the 
scrotum hemiscrotectomy is usually recommended but 
recent data showed this may not be the case 

 Alveolar histotype is very rare and may need a more 
aggressive CT (but no RT if in IRS I)  

  Vagina/uterus    Biopsy    IRS I: VA 
 IRS II or III: VAC 

or IVA  

  No local treatment if in 
complete remission 
after CT  

  In case of residual tumor partial vaginectomy may be 
feasible, but brachytherapy is often preferable 

 Alveolar histotype is very rare and may need a more 
aggressive approach including RT  

  Head and neck    Initial complete resection is 
rarely achieved so only a 
biopsy should be taken  

  IVA or VAC    Surgery and RT    In some circumstances a major tumor resection with 
reconstruction may be considered after neoadjuvant 
chemotherapy  

  Parameningeal 
(unfavorable)  

  Biopsy    VAC, IVA, VAIA, 
CEVAIE  

  RT is necessary. Surgery 
should be considered in 
case of post - RT 
residuals  

  In some circumstances a major tumor resection with 
reconstruction may be considered. Surgery should only be 
performed in centers with experience in this fi eld 

 More aggressive CT regimens are under study (IVADo, VTP)  
  Bladder Prostate    Biopsy possibly through a 

cystoscopy  
  VAC, IVA, VAIA, 

CEVAIE  
  RT is necessary in most 

cases  
  In some cases a post - CT conservative surgery may be 

considered (partial cystectomy and/or partial 
prostatectomy) in conjunction with brachytherapy 

 Biopsy of suspicious residuals may be of help: specimens 
should be analyzed by expert pathologists to distinguish 
between residual neoplastic cells and rhabdomyoblasts 

 More aggressive CT regimens are under study (IVADo, VTP)  
  Limbs    Complete tumor resection 

may be feasible (small 
non - invasive tumors) 
otherwise a biopsy is 
preferred. Regional 
lymph nodes biopsy is 
mandatory.  

  VAC, IVA, VAIA, 
CEVIE  

  Surgery and RT    Consider primary re - excision before starting chemotherapy in 
case of an initial resection with microscopic residuals 

 At secondary operation, formal compartmental resection 
may be appropriate for some tumors but less  ‘ anatomical ’  
resections may be better providing an adequate margin of 
normal tissue 

 Brachytherapy may be used in selected cases 
 More aggressive CT regimens are under study (IVADo, VTP)  

  Other sites 
(trunk, 
abdomen, 
pelvis)  

  Tumor are usually very 
large so initial complete 
resection is rarely 
achieved and a biopsy 
should be taken  

  VAC, IVA, VAIA, 
CEVAIE  

  Surgery and radiotherapy    Some data suggest that debulking surgery may be of benefi t 
at diagnosis 

 Complete resection does not preclude the need for 
radiotherapy 

 Consider whole abdominal irradiation in case of ascites with 
positive cytology 

 More aggressive CT regimens are under study (IVADo, VTP)  

   Chemotherapy regimens are described in Table  14.5 . RT, radiotherapy. CT, chemotherapy.   
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  Late  e ffects 
 As survival is improving the cost of the cure is becoming increas-
ingly important. A correct patient stratifi cation according to the 
risk of relapse is the main factor to avoid over - treatment in good 
prognosis patients. But aggressive therapy is necessary for most 
RMS patients and poor quality of life may be the long - term price. 

 The possible late effects must be anticipated during treatment 
and possibly avoided or corrected. Surgical sequelae are mainly 
due to mutilation, such as orbital exenteration, cystectomy, or 
amputation. New approaches are possible to avoid organ extirpa-
tion such as the use of partial cystectomy in conjunction with 
brachytherapy to avoid cystectomy  [39] . If the bladder cannot be 
preserved, an orthotopic continent urinary diversion may be con-
sidered to allow patients to void spontaneously through the 
urethra  [66] . Reconstructive surgery can give an acceptable func-
tion in case of amputation. 

 Radiotherapy is unavoidable in most RMS patients so cosmetic 
and organic problems are usually anticipated. The irradiated 
organs should be known to allow a tailored follow up: 
   •      Periodical eye visit for orbital tumor and hormonal evaluation 
for patients with parameningeal RMS when the hypophyseal 
gland has been included in the irradiation fi eld.  
   •      Asymmetries due to bone irradiation must be searched for and 
reconstructive surgery can be proposed.    

 Chemotherapy is also associated with signifi cant sequelae in 
some patients. Renal function (ifosfamide), fertility (cyclophos-
phamide), and heart function (doxorubicin) should be regularly 
checked. Finally the risk of second tumor seems to be relatively 
low in RMS patients but the systematic use of radiotherapy and 
alkylating agents warrants great attention.  

  New  t reatment  a pproaches 
 The lack of improvements in survival in patients with metastatic 
disease despite intensive chemotherapy with or without bone 
marrow rescue or allogeneic transplantation has prompted the 
consideration of targeted pharmacological approaches, and inves-
tigation of entirely novel approaches such as immunotherapy. 

  Table 14.7    Results by site. 

   Primary site     IRS IV     MMT 89     CWS 86     RMS 96  

    n      3 - years FFS      n      5 - years OS      n      5 - years EFS      n      5 - years OS  

1  Orbit    81     94     48    85    36    71    32    92  
  Head - neck    64    80    48    64    28    51    28    91  
  Parameningeal    222    72    135    64    55    60    56    69  
  GU bladder/prostate    90    79    62    80    30    70    27    74  
  GU non bladder - prostate    181    84    62    94    38    89    59    97  
  Extremity    113    68    51    46    25    56    30    86  
  Other    132    72    67    63    39    58    52    61  

   IRS - IV, Intergroup RMS Study IV. MMT - 89, protocol of the International Society of Pediatric Oncology. CWS - 86, protocol of the German Co - operative Soft Tissue Sarcoma 
Study. RMS 96 protocol of the Italian Soft Tissue Sarcoma Committee. FFS, failure free survival. OS, overall survival. EFS, event - free survival.   

   •      Novel agents that have shown antitumor activity in xenograft 
models of RMS include ixabepilone (BMS247550), one of a new 
class of microtubule - stabilizing antimitotic agents  [67]  and, in 
combination with irinotecan, irofulven, a derivative of a natural 
fungal toxin  [68] .  
   •      In common with many other malignancies, RMS tumors 
express high levels of growth factors, such as insulin - like growth 
factors I and II (IGF - I/II), and their receptors, IGF - IR. The auto-
crine action of these growth factors appears to play an important 
role in the uncontrolled cellular proliferation within the tumor 
and such growth factors represent potentially important targets 
for therapy  [69] . A monoclonal antibody directed against IGF - IR 
inhibits proliferation and survival of RMS cell lines  in vitro   [70]  
and insulin - like growth factor binding protein - 6 (IGFBP - 6), 
which avidly binds IGF - II, inhibits the proliferation of RMS cell 
lines  in vitro  and the growth of RMS xenografts in a nude mouse 
model  [71] .  
   •      An alternative strategy has been the use of selective inhibitors 
for the IGF - IR kinase, such as NVP - AEW541  [72] , although this 
agent appears to be more effective against Ewing ’ s sarcoma cell 
lines than other forms of sarcoma including RMS  [73] .  
   •      Alongside a possible role for growth factor inhibitors, there is 
growing interest in the use of cytokines, particularly tumor 
necrosis factor - related apoptosis - inducing ligand (TRAIL/Apo2 
ligand), as anti - tumor agents. TRAIL induces cell death in a wide 
variety of tumor cell lines, but does not appear to be cytotoxic to 
normal cells. Experiments  in vitro  have demonstrated that TRAIL 
induces apoptosis in RMS cell lines when used as a single agent 
 [74]  or in combination with chemotherapy agents such as doxo-
rubicin  [75] .  
   •      Another potential treatment strategy involves the use of onco-
lytic viruses. For example, herpes simplex viruses, modifi ed so as 
to restrict their ability to replicate to transformed target cells, 
have been shown to be effective against human rhabdomyosar-
coma cell lines and xenografts  [76, 77] .    

 An area that is likely to become increasingly important is the 
development of immunotherapy techniques. One of the major 
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problems with conventional chemotherapy agents is their lack of 
specifi city for malignant cells, such that their use in clinical prac-
tice is often limited by their systemic side effects. Novel agents 
targeting proteins expressed specifi cally by tumor cells hold out 
the prospect of a more directed approach. 
   •      In ARMS, the PAX3 - FOXO1A fusion protein represents one 
such potential target and preliminary experiments in mice have 
indicated that it is possible to generate cytotoxic T lymphocytes 
which specifi cally target tumor cells expressing this fusion protein 
 [78] . Initial trials of such techniques in patients with recurrent 
RMS or Ewing ’ s sarcoma (using fusion protein peptide vaccina-
tion) have not, however, demonstrated improved clinical out-
comes  [79] .  
   •      Recently  in vitro  studies of T - cell therapy successfully targeting 
the PAX3 - FOXO1A fusion protein have been described  [80] .    

 An alternative promising technique is the use of adjuvants such 
as CpG oligodeoxynucleotides (ODNs) that contain CpG motifs 
characteristic of prokaryotic DNA and which are capable of stim-
ulating a potent innate immune response. In a murine model of 
embryonal rhabdomyosarcoma administration of CpG ODNs, 
either in combination with conventional chemotherapy agents or 
following surgical resection of the tumor, resulted in suppression 
of tumor growth and improved survival  [81] . Hence, in the 
search for novel therapeutic strategies, an important principle is 
tumor specifi city, with agents designed to target epitopes, pro-
teins or genetic pathways specifi c to the malignancy. 

 As with other pediatric cancers, the potential benefi ts of anti -
 angiogenesis therapies are being evaluated in the pre - clinical and 
clinical setting. For example, the vascular endothelial receptor 
(VEGF) inhibitors AZD2171 (a mall molecule inhibitor of the 
VEGF receptor tyrosine kinase)  [82] , VEGF - Trap (a soluble 
decoy receptor)  [83] , and the anti - vascular agent TNP - 470  [84]  
have all shown activity in the xenograft setting for RMS. An 
understanding of the requirement to ensure blockade of both the 
host and tumor sources of VEGF in the xenograft setting  [85] , 
will be an important factor in the optimal introduction of specifi c 
anti - VEGF therapies into clinical practice for pediatric soft - tissue 
sarcoma.   

  Non -  r habdomyosarcoma  s oft  t issue  s arcomas 

 Excluding RMS, the rest of pediatric STS is composed of a group 
of rare and heterogeneous tumors of non - epithelial extraskeletal 
origin with different clinical, histological, and biological charac-
teristics. Most histiotypes occur very rarely in children, being 
more common in older ages ( ‘ adult - type ’  STS). Finally, some enti-
ties are considered as intermediate - malignancy tumors because of 
their local aggressiveness but low potential of metastatic spread. 

 The relative frequencies of different histologic subtypes vary 
with age with infantile fi brosarcoma being more common in 
children less than 2 years old and synovial sarcoma (SS) and 
malignant peripheral nerve sheath tumor (MPNST) most com-
monly affecting adolescents. Other NRSTS include: 

   •      Epithelioid sarcoma.  
   •      Alveolar soft part sarcoma.  
   •      Rhabdoid tumor.  
   •      Vascular tumors (angiosarcoma, hemangiopericytoma).  
   •      Desmoplastic small round cell tumor.  
   •      Liposarcoma, malignant fi brous histiocytoma, leiomyosarcoma 
and undifferentiated sarcoma.    

 The incidence of the different NRSTS may vary according to 
the age limit adopted, the histologies considered and the 
Institutions involved: in fact adolescents with NRSRS may be 
treated in adult wards in some treatment centres. Figure  14.1  
describes the relative frequencies of NRSTS registered in the 
Italian studies. The category of borderline tumors includes a large 
group of histiotypes with the fi broblastic and myofi broblastic 
lesions being the most frequent.   

 As for RMS, there is usually a painless growing mass that can 
occur anywhere in the body and causes symptoms when nearby 
organs are invaded. The most affected sites are the extremities, 
followed by the trunk wall and the retroperitoneum, while head 
and neck or genito - urinary sites are rarely involved. Compared 
with RMS, NRSTS have: 
   •      A lower propensity to spread to the regional lymph nodes (10% 
of cases).  
   •      A lower propensity to give rise to distant metastases (10 – 12%).  
   •      In general high - grade NRSTS have a more invasive behaviour 
with high propensity to metastasize, in particular to the lungs.    

 Due to the rarity of these lesions histologic materials should be 
analyzed by an expert pathologist to confi rm the diagnosis of 
NRSTS and to grade the tumor appropriately. Molecular biology 
is of increasing importance as a number of specifi c translocations 
have been identifi ed. In general, the diagnostic work - up and the 
staging systems are the same as those adopted for RMS. The IRS 
grouping system and the TNM staging system are commonly 
used by pediatric oncologists to defi ne the extension of surgery 
and the invasiveness and size of tumors. Different grading systems 
that take into account characteristics such as histology, amount 
of necrosis, number of mitoses, and cellular pleomorphism are 
in use in adult practice, but their prognostic value has not been 
established yet for pediatric NRSTS. 

  Pathology and  b iology 
 Although the cause of an individual ’ s STS is usually unknown, 
host genetic factors are of importance in a minority of cases. For 
example, NF1 mutation in cases of malignant peripheral nerve 
sheath tumor and p53 mutation in sarcomas arising in patients 
within a Li Fraumeni family. A search for unifying genetic abnor-
malities underlying NRSTS through chromosome analysis has 
generally revealed a lack of consistent abnormalities. However, 
like RMS, consistent and characteristic chromosomal transloca-
tions have been identifi ed for many adult and pediatric NRSTS 
and the resultant gene aberrations have been characterized. As for 
RMS, the presence of unique fusion transcripts and fusion genes 
within the tumors provides a molecular signature, which can be 
potentially exploited as a diagnostic marker. For example, reverse 
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   •      Unfortunately, very few drugs demonstrate convincing activity 
against NRSTS and the doxorubicin - ifosfamide combination 
represents, as for adult sarcoma, the reference regimen with a 
response rate around 40%  [86] .      

 Overall, the survival rate for STS averages 60%, and exceeds 
80% when the tumor is completely resected  [5, 87] . Unresectable 
and/or metastatic tumor remains a challenge with survival below 
50%. In these patients chemotherapy has been attempted to 
reduce tumor volume and obtain a delayed complete surgical 
resection. Although this has been possible for some patients, the 
impact of chemotherapy response on survival is not completely 
proven  [5, 88] .  
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     Figure 14.1     NRSTS distribution (334 patients registered into the Italian protocols from 1988 to 2006).  

transcriptase/polymerase chain reaction (RT - PCR) or fl uores-
cence  in situ  hybridization (FISH) can be performed on tumor -
 derived RNA and tumor section respectively, to identify the 
expression of the fusion gene or the presence of the fused/dis-
rupted DNA respectively.  

  Treatment 
 Generally, the management of NRSTS has been derived from 
those adopted for RMS and from adult experience. 
   •      A complete tumor resection with wide margins gives the best 
chance of cure and may be the only necessary treatment for some 
histotypes. Surgery tends to be more conservative in children, 
adopting limb sparing procedures and non - compartmental 
resections. It must be considered, however, that this approach 
may cause a higher relapse rate.  
   •      Radiotherapy (40 – 50   Gy) is adopted when resection margins 
are uncertain, or to reduce the tumor mass before surgery.    

 The role of chemotherapy for NRSTS is controversial because 
response rates are usually low and few studies have reported an 
effect on survival. Recent reports have suggested that chemo-
therapy should probably be reserved for high risk tumors  [5] . In 
fact data from larger series containing different histotypes or 
small series dedicated to single histotype have consistently identi-
fi ed several prognostic factors (see Table  14.8 ). 
   •      In general patients with large invasive tumors of higher grade 
have an increased risk of local and especially metastatic relapse. 
Limited pediatric series have shown a lower metastatic relapse 
rate when chemotherapy was administered. This is confi rmed by 
the comparison with adult sarcoma experience, where chemo-
therapy has been used less systematically, and the distant relapse 
rate is often the cause of treatment failure.  

  Table 14.8     NRSTS  prognostic factors. 

  Disease extension at diagnosis    Survival is poor when metastatic lesions 
are present  

  Surgery at diagnosis    Complete resection is necessary, and 
often enough, in most histotypes  

  Tumour size    Large lesions ( > 5   cm) have a higher risk 
of local and metastatic failure  

  Tumor invasiveness (according 
to the TNM system)  

  Often associated with tumor size, keep 
the same meaning  

  Histology    Histiotypes may determine different 
biological behaviour and response to 
treatment  

  Grading    High grade lesions have a higher risk of 
local and metastatic failure  

  Age    Tumours in older children behave more 
like adult sarcomas and carry a worse 
prognosis  



Part III Solid Tumors of Childhood

228

age. First line agents for infantile fi brosarcoma are vincristine and 
actinomycin, although ifosfamide and doxorubicin are recom-
mended as second line agents in the current E p SSG guidelines 
 [92 – 94]  and these latter drugs are considered fi rst line adjuvant 
treatment for large adult type fi brosarcomas.  

  Malignant  p eripheral  n erve  s heath  t umors 
 This disease represents one of the more frequent NRSTS in the 
pediatric age range. It is often observed in the context of neurofi -
bromatosis type 1, arising within a pre - existing neurofi broma, 
although they can arise sporadically. The term  ‘ MPNST ’  is pre-
ferred to  ‘ malignant schwannoma ’  and to  ‘ neurofi brosarcoma ’ , 
because these tumors can show the appearance of any cell of the 
nerve sheath, including the Schwann cell, perineural fi broblast, 
or fi broblast. 

 The clinical presentation is characterized by an enlarging soft 
tissue mass of trunk, extremities or head and neck region, with 
or without pain and dysesthesia. Although nearly always localized 
at presentation, if relapse occurs it is frequently at distant meta-
static sites, especially in the lungs  [95] . There are no characteristic 
or diagnostic molecular genetic changes or rearrangements, and 
diagnosis is based on histological appearance. 

 MPNST behaves aggressively and surgical resection represents 
the mainstay of treatment, whereas the role of adjuvant treatment 
remains unclear. Recent reports support the use of post - operative 
radiotherapy in case of minimal residual tumor, whereas irradia-
tion seems ineffective in controlling bulky disease. Response to 
chemotherapy up to 45% have been reported with a possible 
impact on survival that is around 80% when the tumor is resected 
at diagnosis, but is less than 50% in case of unresectable tumors 
 [96] . Patients with NF1 rarely respond to chemotherapy and, in 
general, have a much worst outcome with survival reported less 
than 30%  [97] . New approaches are under study targeting the 
epidermal growth factor receptor (EGFR), which is overexpressed 
in NF1 patients with high - grade MPNST and it is probably 
involved in their tumorigenesis  [98] .  

  Rhabdoid  t umors 
 These are highly aggressive tumors usually occurring under the 
age of 5 years. Rhabdoid tumors arising in the brain are usually 
referred to atypical teratoid rhabdoid tumor (ATRT) but there is 
evidence that they are biologically equivalent to the extracranial 
disease which can arise within the kidney or in extra - renal sites. 
The feature in common between rhabdoid tumors in all these 
sites has recently been shown to be loss of expression of hSNF1/
INI1, a component of the chromatin remodelling complex. The 
loss of protein expression can occur as a result of genetic deletion 
or mutation or by epigenetic mechanisms  [99 – 101] , and is a 
characteristic feature of the disease, having not been reported in 
other diagnoses. Interestingly, cases in which lesions arise in bilat-
eral kidneys or in kidney and brain have been reported, suggest-
ing a genetic predisposition syndrome and in rare cases, germline 
INI1 mutation has been described  [102, 103] . Metastatic disease 
is usually fatal and current treatment approaches involve neoad-

  Synovial  s arcoma 
 Synovial sarcoma is the most common NRSTS in pediatric prac-
tice, occurring most commonly in the extremities of adolescents 
and young adults, and demonstrate characteristic cytogenetic and 
molecular features. 
   •      Fusion proteins SYT - SSX1 or SYT - SSX2, associated specifi cally 
with synovial sarcoma, were discovered following investigation of 
reciprocal chromosomal translocations t(X;18)(p11.2;q11.2) 
found within these tumor cells  [89] .  
   •      More than 90% of synovial sarcomas express these proteins and 
their presence is effectively pathognomonic of the disease. Like 
PAX - FOXO1A fusions, synovial fusions are thought to act pre-
dominantly as transcription regulators. Monophasic synovial 
sarcomas can express either fusion subtype whereas biphasic his-
tology is invariably associated with SYT - SSX1  [90] .  
   •      There is no difference between adult and pediatric SS in terms 
of these fusion proteins; however, it does not necessarily follow 
that the diseases in the two age groups are the same or that they 
should be treated equivalently.    

 The identifi cation of optimal treatment for synovial sarcoma 
has been complicated by the lack of randomized clinical trials 
consequent on the relatively low incidence of the disease. There 
is evidence for signifi cantly better event free survival in younger 
patients although this may be related to the more frequent use of 
adjuvant chemotherapy in pediatric practice  [5] . Whereas there 
is limited evidence of chemoresponsiveness in low stage localized 
disease, larger tumors have favourable survival with adjuvant 
chemotherapy  [91] . Current European risk - adapted therapy 
involves surgery only for completely resected tumors less than 
5   cm in diameter, adjuvant chemotherapy (ifosfamide and doxo-
rubicin) for completely resected greater than 5   cm tumors, and 
chemotherapy and involved fi eld radiotherapy for microscopic 
and macroscopic incompletely resected tumors with doses deter-
mined by response (E p SSG NRSTS 2005 protocol).  

  Fibrosarcoma 
 Infantile fi brosarcoma and adult type fi brosarcoma occurring in 
children are different disease entities. Infantile fi brosarcoma 
occurs almost exclusively in infants and young children and can be 
congenital. The most common sites are the extremities and trunk. 
   •      The tumors are characterized by the presence of a t(12;15)
(p13;q25) translocation creating a ETV6 - NTRK3 fusion, which is 
also seen in the cellular form of congenital mesoblastic neph-
roma, a renal tumor which shares a similar histological appear-
ance (sheets of homogeneous spindle shaped cells with minimal 
collagen).  
   •      Adult type fi brosarcoma in contrast does not have diagnosti-
cally or prognostically useful molecular genetic features.    

 As with the infantile form, immunohistochemistry is rather 
non - specifi c with positivity for vimentin and S100 being common. 
Metastatic spread is extremely rare and so the focus of treatment 
is achieving local control through good surgical clearance. Where 
complete resection is not possible without signifi cant morbidity 
there is a role for adjuvant chemotherapy to induce tumor shrink-
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margins can be achieved without a requirement for trial of chem-
otherapy. In the rarer multicentric forms, especially those that 
involve viscera, prognosis is poor although cases responding to 
chemotherapy have been reported  [109] . A recent report of over 
expression of PDGF and PDGF receptors in pediatric myofi -
bromatosis suggests a trial of imatinib might be justifi ed in unre-
sectable cases  [111] . 

 A variant is the infl ammatory myofi broblastic tumor (IMT) 
sometimes called infl ammatory pseudotumor. 
   •      These can occur at any site and are associated with fever, weight 
loss, and raised infl ammatory markers, such that diagnoses such 
as chronic infections (e.g. tuberculosis) can form part of the dif-
ferential. If possible, surgical resection with clear margins should 
be sought.  
   •      There is little evidence for the value of chemotherapy and radi-
otherapy in these lesions. More recently there have been reports 
of responses following administration of non - steroidal anti -
 infl ammatory drugs and a rational basis for their use in terms of 
high incidence of COX2 and VEGF staining  [112] .  
   •      Medical treatment with cytotoxics and/or non - steroidals is 
advised in cases where complete surgical clearance is not deemed 
possible.    

 This diagnosis is most commonly made in the fi rst two decades 
of life and often presents with fever and a mass lesion in the lung 
or abdomen. It is generally considered a low grade malignancy 
although both spontaneous regression and development of 
distant metastases has been described. The name results from the 
histological appearance of proliferating (myo)fi broblasts and 
infl ammatory cells. A proportion of these tumors are character-
ized by translocations resulting in fusion with and consequent 
upregulation of the anaplastic lymphoma kinase (ALK). ALK1 
immunopositivity is a useful diagnostic test in combination with 
vimentin although ALK1 staining is observed in a range of other 
STS. It is not established whether ALK1 staining is correlated with 
malignant potential or prognosis. 

 Dermatofi brosarcoma protuberans (DFSP) is of interest 
because of its characteristic chromosome translocation t(7:22)
(q22:q13), which produces a novel gene fusion comprising the 
promoter of collagen 1A1 (COL1A1) gene, and the coding 
sequence of PDGF [113, 114] . The resultant over - expression of 
PDGF β  leads to continuous activation of the PDGFR β  protein 
tyrosine kinase that promotes DFSP tumor cell growth  [115]  and 
clinical responses to imatinib have been described  [116] .   
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   Introduction 

 Bone tumors refer to a group of tumors that arise in a particular 
anatomic site rather than a specifi c histological entity. Tumors 
that involve the bone include (Table  15.1 ): 
   •      Metastases from cancers in other organs.  
   •      Malignancies arising from the hematopoietic system secondar-
ily involving the bone.  
   •      A variety of benign bone neoplasms.  
   •      Several primary malignant bone neoplasms.      
 Given the markedly higher incidence of a variety of cancers which 
have a tendency to metastasize to bone and hematological malig-
nancies, these lesions are much more common than primary 
bone tumors. This is particularly true in adults, in which the 
prevalent cancers involving the lungs, breast, prostate, and kidney 
among others, appear as bone metastases at a much higher inci-
dence than primary bone lesions. In children, as in adults, meta-
static bone lesions are more common than primary tumors, but 
the predominant histologic types are neuroblastoma, lymphoma, 
and rhabdomyosarcoma  [1] . The treatment of hematopoietic 
cancers and metastatic bone lesions, although potentially differ-
ent from the management of localized disease, generally follows 
the principles for management of the primary malignancy and 
therefore is beyond the scope of this chapter. A variety of benign 
neoplasms arise in bone. In general, these lesions are successfully 
managed with surgery as the sole therapy and therefore less focus 
will be placed on these entities. 

 The most common primary malignant bone tumors are chon-
drosarcoma, osteosarcoma, and the Ewing ’ s Sarcoma Family of 
Tumors (ESFT)  [1] . The focus of this chapter is children and 
young people and therefore chondrosarcoma will not be dis-
cussed, as it is a relatively rare entity in individuals less than 21. 
Other rare primary malignant bone neoplasms exist such as ada-
mantinomas, but these also will be beyond the scope of this 
chapter. This chapter will therefore concentrate on the two dis-
tinct and commoner primary bone malignancies, osteosarcoma 

and ESFT (Table  15.1 ). Although primary bone tumors overall 
are rare, they are the sixth most common malignant neoplasm in 
children  [2] , and are characterized by the following epidemio-
logical features: 
   •      For adolescents and young adults, they are the third most fre-
quent neoplasm, with only leukemias and lymphomas being 
more common.  
   •      Malignant bone tumors occur in the United States at an annual 
rate of approximately 8.7 cases per million children and adoles-
cents younger than 20 years  [2] . In England and Wales, the crude 
rate per million is 6.6 per million under 20 years. Within this 
there is some variation, both by gender (boys: 7.6 cases per 
million, girls 5.6 cases per million) and age (e.g. 18.3 cases per 
million boys aged 15 to 19 compared with 1.4 per million boys 
aged 1 to 4 years) (Personal Communication, National Cancer 
Intelligence Centre, Offi ce of National Statistics).  
   •      Of the bone tumors occurring in childhood, osteosarcoma is 
the most frequent  [3, 4] , accounting for approximately 35% of 
all primary sarcomas of bone considering all age groups  [5] . If 
one only considers those between 0 and 20 years it is over 50%. 
ESFT, the second most frequent primary bone cancer, is more 
common than osteosarcoma in children younger than 10 years.    

 Although presented in a single chapter since they arise in a 
common site, osteosarcoma and ESFT are linked as much by their 
differences as by their similarities. In fact, contrasting the features 
of these two entities is frequently used as a didactic tool (Table 
 15.2 ). Similarly, the recognition of these conditions as clinical 
entities is quite disparate. Evidence of the existence of osteosar-
coma can be found in mummifi ed remains dating from over 5000 
years ago in ancient Egyptians with amputation a documented 
form of surgical intervention  [5] . In contrast, ESFT, which are 
histologically diffi cult to distinguish from other small round blue 
cell tumors, was only described as a clinical entity by James Ewing 
in 1921  [6] .    

  Benign  b one  t umors 

 Benign bone tumors can be classifi ed into: 
   •      Lesions that produce osteoid, e.g. osteoid osteoma, 
osteoblastoma.  
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  Table 15.1    Bone tumors. 

   Malignant     Hematopoietic     Benign  

  Osteosarcoma  *      Multiple myeloma    Osteoid osteoma  
  Ewing ’ s sarcoma family 

tumors  *    
  Lymphoma    Aneurysmal bone cyst  

  Chondrosarcoma    Granulocytic sarcoma    Osteoblastoma  
  Metastatic cancers        Non - ossifying fi broma  
  Adamantinoma        Giant cell tumors  
  Giant cell tumors        Fibrous dysplasia  
  Malignant fi brous 

histiocytoma (of bone)  
      Enchondroma  

  Malignant mesenchymoma 
(of bone)  

      Chondroblastoma  

          Eosinophilic granuloma  
          Osteochondroma  
          Chondromyxoid Fibroma  
          Chordoma  

    *    The most common malignant primary bone tumors in children and adolescents.   

   •      Collagen lesions, e.g. non - ossifying fi broma, fi brous dysplasia.  
   •      Cartilage producing lesions, e.g. osteochondroma, enchon-
droma, chondroblastoma.  
   •      Vascular or of unknown histogenesis, e.g. aneurysmal bone 
cysts, giant cell tumors and eosinophilic granulomas  [1, 4] .    
 Many of these conditions appear in the differential diagnosis of 
malignant tumors and can mimic their presentation, radio-
graphic, or histologic appearance. As two examples of the cate-
gory of benign bone tumors, osteoid osteoma and aneurysmal 
bone cyst will be presented in additional detail. 

  Osteoid  o steoma 
 Osteoid osteoma is a benign bone neoplasm clinically character-
ized by pain and swelling. The tumors peak incidence is in the 

        Ewing ’ s sarcoma family 
tumors  

   Osteosarcoma  

  Peak incidence/epidemiology    Peak incidence in second decade 
 Rare after age 30 
 No known causal factor  

  Peak incidence in second decade 
 Occurs in adults particularly in 

Paget ’ s, radiation exposure or 
genetically predisposed  

  Racial predilection    Uncommon in Blacks or Asians    None  
  Genetics    A consistent chromosomal 

translocation is observed 
 Simple karyotype  

  Frequent genetic abnormalities at the 
p53 and retinoblastoma gene loci 

 Complex chromosomal derangements  
  Pathology    Small round blue cell tumor    Spindle cell sarcoma with osteoid  
  Skeletal location    Diaphyses    Metaphyses  
  Radiographic 
Appearance   

   ‘ Onion skin ’  
 Codman ’ s Triangle  

   ‘ Sunburst ’  
 Codman ’ s Triangle  

  Common sites of metastases    Lungs, bone, bone marrow    Lungs, bone  
  Treatment modalities    Surgery, radiation, chemotherapy    Surgery, chemotherapy  

  Table 15.2    Comparison of clinical features of 
Ewing ’ s sarcoma family tumors and osteosarcoma. 

second decade of life  [4] . The most common sites are the femur 
and tibia, although osteoid osteoma can occur anywhere in the 
skeleton. The radiographic appearance is typically a sclerotic 
lesion in the long bones with a lucent nidus  [7] . The usual clinical 
history involves the abrupt onset of pain which awakens the 
patient at night. In 75% the pain is relieved by non - steroidal anti -
 infl ammatory medications. Surgery is recommended for patients 
whose pain is not relieved by this medication. The only part of 
an osteoid osteoma that needs to be dealt with surgically is the 
nidus which is the neoplastic portion of the tumor with the 
remainder of the lesion being reactive bone. Increasingly, less 
invasive techniques such as radiofrequency thermoablation are 
replacing surgery.  

  Aneurysmal  b one  c yst 
 Aneurysmal bone cyst is a rare, benign bone lesion characterized 
by dilated vascular spaces  [8] . The lesion usually occurs in the 
metaphyses of long bones, but it can also affect the bones of the 
axial skeleton. The radiographic appearance characteristically is 
a well - demarcated expansile lesion that thins the cortex and pro-
duces a  ‘ bubble ’  appearance  [4] . As their location and radio-
graphic appearance mimic telangiectatic osteosarcoma it is 
important to keep this differential consideration in mind  [8] . 
Aneurysmal bone cysts typically produce painless swelling of the 
affected area but pathologic fracture can occur. Aneurysmal bone 
cysts are primarily treated by thorough curettage and in some 
institutions cryosurgery. Occasionally they recur, and additional 
treatment measures are necessary  [8] .   

  Osteosarcoma 

 Osteosarcoma, the most common primary malignant bone 
tumor, is a highly aggressive disease in which dramatic progress 
has been made in treatment and outcome over the past several 
decades. Its overall features are summarized in Box  15.1 .   
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   •      The incidence of osteosarcoma is dramatically increased among 
survivors of retinoblastoma  [1] , where the majority of second 
malignancies are sarcomas, and of these almost 50% are osteosa-
rcomas  [16] . In the hereditary form of retinoblastoma, germ line 
mutations of the retinoblastoma gene are common. This is the 
probable basis for the increased frequency of secondary cancers 
in this population, since the rate in survivors of unilateral spo-
radic retinoblastoma is much less  [17] .  
   •      Germ line mutations in the p53 gene can lead to a high risk of 
developing malignancies including osteosarcoma which has been 
described as the Li - Fraumeni syndrome  [18] . Loss of function of 
the p53 and retinoblastoma tumor suppressor genes is believed 
to have an important role in tumorigenesis in osteosarcoma 
 [18, 19] .  
   •      The p53 gene product in normal cells increases in response to 
DNA damage and directs the cell to either stop progression 
through the cell cycle or to undergo apoptosis  [20, 21] . The 
retinoblastoma gene product likewise regulates cell - cycle pro-
gression  [22] . Although germ line mutations of p53 and the 
retinoblastoma gene are rare, these genes are altered in the major-
ity of osteosarcoma tumor samples  [23, 24] .  
   •      Numerous oncogenes and tumor suppressor genes are altered 
in osteosarcoma tumor cells. Although it is clear that alterations 
in tumor suppressor genes and oncogenes are necessary to 
produce osteosarcomas, it is not clear which of these events 
occurs fi rst and why or how it occurs.    

 A viral etiology has been suggested based on evidence that bone 
sarcomas can be induced in select animals by viruses, in hamsters 
by the injection of cell - free extracts of human osteosarcoma, and 
the presence of SV40 - like sequences in some human osteosarco-
mas  [25] . However, no convincing data have emerged that viruses 
are a major etiological factor. Finally, trauma has often been 
associated with the diagnosis of osteosarcoma, but little evidence 
exists to support a causal relationship  [1] .  

  Presentation 
 The most common features in the clinical presentation of oste-
osarcoma are: 
   •      Pain from the involved region, either with or without an associ-
ated soft tissue mass. Pain is often attributed to trauma or vigor-
ous physical exercise, both of which are common in the patient 
population.  
   •      Symptoms are usually present for several months before the 
diagnosis is made  [1, 4] .  
   •      Occasionally patients can present more dramatically with a 
pathologic fracture.  
   •      The most common site is the metaphysis of a long bone but 
osteosarcoma can occur in any bone of the body.  
   •      Approximately half of all osteosarcomas originate in the region 
around the knee. The anatomic distribution of osteosarcoma is 
shown in Figure  15.1   [4] .  
   •      Approximately 20% of patients with osteosarcoma present with 
metastatic disease which can be detected radiographically. Eighty -
 percent of patients present with localized disease but the vast 

  Epidemiology and  p athogenesis 
 Several features characterize the epidemiology of osteosarcoma 
and provide some clues to its pathogenesis. 
   •      A bimodal age distribution with the fi rst peak in the second 
decade of life and the second among older adults.  
   •      The approximate incidence of osteosarcoma is 4.8 per million 
children younger than 20 years of age  [2] . This is as low as 0.3 
per million in children under the age of 5 years, 2.8 per million 
at the age of 5 – 9 years, 8.3 per million at the age of 10 – 14 years 
and 9.4 per million at the age of 15 – 19 years  [2] .  
   •      There are approximately 400 new cases in those under 20 each 
year in the United States and 60 cases in England and Wales.  
   •      The male to female ratio is approximately 1.3   :   1 in this age 
range.  
   •      It is slightly commoner in black children than in white 
children.    

 The etiology of osteosarcoma remains uncertain. The peak age 
of incidence coincides with a period of rapid bone growth in 
young people, suggesting a correlation between rapid bone 
growth and the evolution of osteosarcoma. Other evidence sup-
porting this relationship includes the higher incidence of osteosa-
rcoma in large dog breeds as compared with small breeds  [9] , and 
the earlier peak age in girls as compared with boys, corresponding 
to the earlier age of their growth spurt  [10] . At the same time, it 
must be recognized that osteosarcoma arises in many patients 
both well before and long after the adolescent growth spurt. 
Radiation exposure is a well - documented etiological factor  [11 –
 13] , but as the interval between irradiation and the appearance 
of osteosarcoma is typically long, this is not relevant to most 
pediatric patients  [4, 14, 15] . 

 The occurrence of osteosarcoma also relates to syndromes that 
predispose to malignancy as follows: 

  Box 15.1    Treatment and prognosis for 
osteosarcoma. 

        •      For localized disease the survival is 60 – 70%  

   •      Complete resection of primary tumor essential for cure  

   •      Induction chemotherapy is currently based on cisplatin, 
doxorubicin, and methotrexate  

   •      Tumour necrosis in response to induction therapy allows 
stratifi cation of the nature and intensity of post - surgical 
treatment, with the inclusion of ifosfamide and etoposide  

   •      For metastatic disease at presentation, the survival is less good 
( < 25% overall) depending on nature and extent of disease 
burden, with patients presenting with bony involvement 
faring worse than those with pulmonary disease alone  

   •      Long - term morbidities include cardiac and nephrological 
sequelae  

   •      Novel therapies being explored in clinical and pre - clinical 
setting     
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with a suspected bone tumor obtaining a plain radiograph of the 
site is most critical for the proper recognition of the entity  [1, 4] . 

 The diagnosis of osteosarcoma is typically suspected by its 
radiographic appearance, with the following characteristics: 
   •      Osteosarcoma can present as a lytic, sclerotic or as a mixed 
lytic - sclerotic lesion. As with other malignant tumors in bone, 
plain fi lms reveal bone destruction with poorly defi ned zones of 
transition.  
   •      Ossifi cation in the soft tissue in a  ‘ sunburst ’  ’  pattern is classic 
for osteosarcoma but is not a sensitive or specifi c feature.  
   •      Periosteal new bone formation with lifting of the cortex leads 
to the appearance of a Codman ’ s triangle. Features such as its 
location in the metaphysis and the bone involved as well as 
patient age help to distinguish osteosarcoma and ESFT  [1, 4] .    

 The diagnosis of osteosarcoma can be predicted accurately in 
two - thirds of cases based on radiographic location and appear-
ance, but should never be made from images alone. It is manda-
tory to obtain a biopsy for pathological confi rmation of the 
diagnosis. The biopsy must be performed by someone experi-
enced in performing these procedures as a poorly placed biopsy 
can necessitate a subsequent amputation or have other morbidi-
ties. The diagnosis of osteosarcoma is made by histologic exami-
nation of the biopsy. 

 The diagnosis of osteosarcoma is based on certain histopatho-
logical criteria, and also depends on the presence of malignant 
spindle cells associated with the production of tumor osteoid. 
Great variability exists in the histologic patterns seen in this 
tumor and in the degree of osteoid production, so that extensive 
review of the pathologic material may be required to demonstrate 
tumor osteoid. 
   •      As osteosarcomas arise from mesenchymal tissue capable of 
differentiating toward fi brous tissue, cartilage, or bone, osteosa-
rcoma can have chondroblastic, fi broblastic, and osteoblastic 
components  [1, 4] .  
   •      Chondrosarcomas and fi brosarcomas are distinguished from 
osteosarcoma, with which they can be histologically confused, by 
their lack of production of osteoid.    

 The World Health Organization classifi es osteosarcomas into 
central (medullary) and surface (peripheral) tumors and recog-
nizes a number of subtypes within each group (Table  15.3 )  [26] . 
   •      Conventional high - grade central osteosarcoma accounts for 
80 – 90% of all osteosarcomas and it is the predominant form in 
children and adolescents. The cancer is a primary intramedullary 
high - grade malignant tumor in which the neoplastic cells produce 
osteoid, even if only in small amounts. Based on the predominant 
differentiation of the tumor cells, the most frequent subtypes of 
conventional osteosarcoma are osteoblastic (50%), chondroblas-
tic (25%) and fi broblastic (25%).  
   •      In osteoblastic osteosarcoma, the tumor appears to be a mixture 
of large, atypical, spindle - shaped cells that are cytologically highly 
malignant, with large irregular nuclei and abnormal mitotic 
fi gures  [3, 4] . Interspersed are areas of osteoid production 
and calcifi cation in close proximity to the malignant cells. The 
value of these sub - classifi cations (osteoblastic, chondroblastic, 

majority of this group are known to have subclinical, microscopic 
metastases  [3] .  
   •      The most frequent site of metastases is the lung. Much less 
frequently, metastases at initial diagnosis can occur in other 
bones. Death from osteosarcoma is almost always the result of 
progressive pulmonary metastasis. Bone lesions, although 
extremely painful, are usually not life threatening  [1, 4] . Pain at 
multiple sites does not rule out the possibility of osteosarcoma as 
this can be from metastatic disease. Metastases in the lungs only 
produce respiratory symptoms when there is extensive involve-
ment. When osteosarcoma is widely metastatic, which happens 
more frequently at recurrence than at the time of initial diagnosis, 
it can spread to the central nervous system or gastrointestinal 
tract  [1, 4] .  
   •      Systemic symptoms, such as fever and weight loss, occur 
rarely  [3] .       

  Investigation and  s taging 
 The evaluation of suspected osteosarcoma begins with history, 
physical examination, laboratory evaluations, and plain radio-
graphs. History may be signifi cant only for pain. Physical exami-
nation is typically remarkable only for a soft tissue mass at the 
primary site which is not always present. Laboratory evaluation is 
seldom revealing. Elevation of the serum alkaline phosphatase and 
lactate dehydrogenase are observed in a large proportion of 
patients but are not sensitive or specifi c. The differential diagnosis 
for pain at a bone site in this age group includes the malignant 
bone tumors, osteosarcoma and ESFT, along with the benign bone 
tumors listed previously and a variety of non - neoplastic condi-
tions with osteomyelitis among the more common. In a patient 
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     Figure 15.1     Site of primary tumor in patients with osteosarcoma.  
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tumors are present at diagnosis with each lesion resembling the 
primary tumor radiographically, suggesting a multi - centric 
origin. It is unclear whether such sarcomas arise in multiple sites 
or if one of the lesions is the true primary which has metastasized 
rapidly to other skeletal sites in the absence of lung metastases. 
Routine postero - anterior and lateral radiographs of the chest 
allow detection of metastases in the majority of cases. Computed 
tomography (CT) of the chest is more sensitive in detecting pul-
monary metastases and has become the imaging procedure of 
choice. However, there are false -  positive results, particularly with 
smaller lesions  [1, 4] . 

 Successful treatment of high grade osteosarcoma requires the 
use of systemic chemotherapy. Many of the agents have both 
acute and long - term toxicity; therefore, it is essential to obtain 
baseline studies prior to the initiation of chemotherapy so that 
these toxicities can be monitored. Baseline evaluations of renal 
function, cardiac function, and hearing are usually performed. 
All young men past the age of puberty typically are offered the 
opportunity to carry out sperm banking  [1] . Newer techniques 
for maintaining fertility of women have been developed but their 
indications have not completely been established. 

 The most widely utilized staging system for bone tumors 
including osteosarcoma is the system developed by Wolf and 
Enneking  [34] . This system categorizes localized malignant bone 
tumors by grade (low grade  –  stage I; high grade  –  stage II) and 
by the local anatomic extent (intracompartmental  –  A; extracom-
partmental  –  B), and has the following features  [1, 4, 5] . 
   •      The compartmental status is determined by whether or not the 
tumor extends through the cortex of the bone.  
   •      Patients with distant metastases are stage III. There are very few 
high - grade intramedullary lesions (i.e. stage IIA), because most 
high - grade osteosarcomas break through the cortex early in their 
natural history.  
   •      In the younger age group, the vast majority of osteosarcomas 
are high - grade lesions; hence, virtually all patients are stage IIB 
or III distinguished by the presence or absence of detectable 
metastatic disease.     

  General  p rinciples of  t reatment 
 Almost all patients with high - grade osteosarcoma have at least 
microscopic metastatic disease. This necessitates the use of sys-
temic chemotherapy in all patients. Despite the effectiveness of 
chemotherapy against microscopic disease it cannot control clini-
cally detectable disease. Tumors at the primary site as well as at 
all sites of radiographically visible metastatic disease require local 
control. Osteosarcoma is considered resistant to radiation 
therapy, and therefore local control is usually surgery. Advances 
made in surgery have signifi cantly improved the clinical practice 
and options available. 

  Surgery 
 Complete surgical resection of primary and metastatic disease is 
the cornerstone for successful treatment  [35] . Surgical proce-
dures employed worldwide include amputation, limb salvage 

fi broblastic) is unclear as they are very dependent on sampling 
with mixed histology frequent in a given tumor. Moreover, no 
difference in clinical behaviour or outcome based on subtype has 
been discerned.      

 Conventional high - grade osteosarcomas may develop on the 
surface of bone and are similar to conventional osteosarcoma 
both histologically and clinically. Therefore, they should be 
managed in the same way. 
   •      Telangiectatic osteosarcoma  [1, 3, 4]  is an unusual subtype that 
is notable because it appears to be a purely lytic lesion on plain 
radiographs, leading to diagnostic confusion with aneurysmal 
bone cyst  [27]  and giant cell tumor. These tumors are grossly 
cystic and histologically demonstrate dilated blood - fi lled spaces 
with viable tumor cells confi ned to the periphery of the lesion. 
Although they have been reported to be associated with an unfa-
vorable outcome  [28] , other studies treating them as a typical 
high - grade osteosarcoma fail to demonstrate any difference in 
prognosis  [29] .  
   •      Small cell osteosarcoma  [30]  is a subtype notable because it 
can be easily confused histologically with Ewing ’ s sarcoma. 
Immunocytochemical studies or molecular pathology studies 
may be necessary to make the distinction  [31] .    

 Other rarer subtypes and clinical variants of osteosarcoma are 
also reported and include entities which occur primarily in older 
patients, and as with low - grade lesions, will not be discussed 
further  [32] . 
   •      The malignant fi brous histiocytoma subtype of osteosarcoma.  
   •      Osteosarcoma of the jaw.  
   •      Giant cell rich osteosarcoma.  
   •      Extraosseous and juxtacortical (parosteal) osteosarcoma.    

 To determine the local and distant extent of disease at presen-
tation various radiographic studies are indicated as part of the 
diagnostic evaluation. The extent of osteosarcoma in both bone 
and soft tissue is best appreciated with cross - sectional imaging 
techniques that have increasingly been based on magnetic reso-
nance imaging (MRI)  [1, 4, 5] . A radionuclide bone scan, such 
as methylene diphosphonate labelled with technetium - 99m, 
defi nes the extent of the primary tumor and is useful in the detec-
tion of  ‘ skip lesions ’  within the same bone, as well as in detecting 
distant bone metastases  [33] . 

 An unusual presentation of osteosarcoma is multifocal oste-
osarcoma, a rare entity in which multiple synchronous skeletal 

  Table 15.3    The World Health Organization ’ s histologic classifi cation of 
osteosarcomas. 

   Central (medullary)     Surface (peripheral)  

      �      Conventional high - grade central  
   �      Telangiectatic  
   �      Intraosseous well - differentiated 

(low - grade)  
   �      Small - cell osteosarcoma     

      �      Parosteal (juxtacortical) 
well -  differentiated (low - grade)  

   �      Periosteal osteosarcoma, 
low -  to intermediate - grade  

   �      High - grade surface     
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   •      Not all investigators were convinced that chemotherapy was 
appropriate for all patients with osteosarcoma as the use of 
historical comparisons can be fl awed  [1, 4] . For example, it was 
postulated the improved survival might be the result of identi-
fi cation of a cohort of patients with an intrinsically better 
outcome. Earlier diagnosis or improved surgical technique could 
have also contributed to improved outcome  [51] , and this 
was supported by a Mayo clinic trial performed in the early 
1980s where chemotherapy was randomized with no apparent 
improvement to the overall 40% survival rates achieved  [52, 
53] .  
   •      To clarify the issues surrounding the value of adjuvant chemo-
therapy, the Multi - Institution Osteosarcoma Study (MIOS) was 
initiated in the early 1980s  [54] . Patients were eligible for study 
entry after amputation or tumor resection if they did not have 
clinically detectable metastatic disease. The intent of the study 
was to randomize patients between observation and adjuvant 
multi - agent chemotherapy. Results were analyzed for both the 
randomized patients and the larger group who were not rand-
omized with both having identical results. Patients who did not 
receive chemotherapy after surgery had a probability of disease -
 free survival (DFS) of 11% as compared with 66% for those who 
received chemotherapy. This study unequivocally demonstrated 
that the natural history of osteosarcoma had not changed and 
adjuvant chemotherapy was of clear benefi t  [52 – 54] . With longer 
follow up, an OS advantage with adjuvant chemotherapy became 
apparent in accordance with the DFS rates observed earlier, and 
the majority of patients surviving 3 years without evidence of 
recurrence were likely to be cured.  
   •      In the same era, Rosen  et al.  introduced the concept of giving 
chemotherapy before carrying out defi nitive surgery on the 
primary tumor  [55, 56] . This treatment has been referred to as 
pre - operative or neoadjuvant chemotherapy, or more recently 
induction chemotherapy  [1] . The concept of induction chemo-
therapy arose from the need for time to make the custom endo-
prostheses required for a limb salvage procedure, creating an 
interval during which chemotherapy could be administered. In 
addition, theoretical advantages of induction chemotherapy 
included early treatment of micro - metastatic disease and facilita-
tion of the eventual surgical procedure, because of tumor shrink-
age and decreased vascularity. It also became possible to examine 
the histologic response of the tumor to induction chemotherapy 
to assess the effectiveness of therapy.    

 A strong correlation between the degree of necrosis (Huvos 
grade) and the probability of subsequent DFS was observed  [55] , 
and this has been confi rmed in multiple clinical trials since  [42, 
55, 57] . 
   •      A theoretical concern with this approach is that the delay in 
removal of the bulk tumor could lead to the emergence of chemo-
therapy resistance.  
   •      A prospective trial by the Pediatric Oncology Group addressed 
this concern by randomizing patients to immediate defi nitive 
surgery or to receive induction chemotherapy followed by defi ni-
tive surgery with the total chemotherapy given in both arms 

techniques and rotation - plasty. All three approaches should 
incorporate the basic principle of  en bloc  excision of the tumor 
and biopsy site through normal tissue planes. 
   •      The type and extent of surgery depends on the position and size 
of the tumor, the anatomy of the affected site as well as the 
patient ’ s age and skeletal development.  
   •      The ultimate aim is to achieve radical excision or at least exci-
sion with wide margins while maintaining adequate function and 
satisfactory cosmetic result.  
   •      Marginal or intra - marginal margins are associated with 
increased risk of local recurrence and poor outcome  [36]  and 
those patients warrant revision surgery.    
 At present, most patients are managed with limb - salvage tech-
niques. Carefully selected patients treated by experienced sur-
geons with limb - preserving operations do not appear to have a 
survival disadvantage  [37 – 43] . However, amputation may be the 
most suitable option in patients with adverse tumor features.  

  Radiotherapy 
 Osteosarcomas are not responsive to conventional - dose radio-
therapy which is only reserved where complete surgery cannot be 
achieved. It is recommended for inoperable sites or those that 
could only be operated with inadequate margins.  

  Chemotherapy  –  the  e volution of  c urrent 
 t reatment  t emplates 
 Despite the use of radical surgery, the outcome of patients with 
osteosarcoma was in the past very poor. Approximately 85 – 90% 
of patients presenting with apparently localized disease who 
underwent radical surgery rendering them grossly free of disease 
subsequently had recurrences  [1, 44] . This high probability dem-
onstrates that the great majority of patients with localized disease 
at presentation actually harbour sub - clinical metastases. In the 
1970s several investigators reported that chemotherapy had activ-
ity against relapsed or metastatic osteosarcoma. The agents that 
were reported to demonstrate activity included doxorubicin, cis-
platin, high - dose methotrexate with folinic acid rescue, and ifos-
famide  [1, 45 – 48] . When these agents were administered to 
patients with relapsed or metastatic osteosarcoma, tumor 
responses were observed, but it must be noted that compared 
with other pediatric malignancies, the list of drugs shown to be 
effective was relatively short. Subsequent studies have then 
underpinned the importance of adjuvant chemotherapy for oste-
osarcoma as summarized below. 
   •      With this rationale, several investigators embarked on trials of 
adjuvant chemotherapy for the treatment of osteosarcoma, espe-
cially in the setting of disease that was not clinically detectable 
following initial surgery. In the 1970s and early 1980s, all of these 
trials were single arm, non - randomized treatments employing 
adjuvant chemotherapy, comparing results against historical con-
trols. Every reported trial of adjuvant chemotherapy for osteosa-
rcoma demonstrated a disease - free survival superior to the 
historical rate of 20%  [1, 49, 50] .  
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therapy was pioneered  [66]  indicates that the overall DFS for 
patients treated with intra - arterial cisplatin, defi nitive surgery, 
and post - operative adjuvant chemotherapy is 60%, a disappoint-
ing result for a single institutional trial. Therefore, the use of 
intra - arterial chemotherapy has declined in recent years.   

  Contemporary  i nternational  e xperiences for the 
 t reatment of  o steosarcoma 
 More recent group collaborative efforts has seen the investigation 
of strategies such as increasing overall dose - intensity, the intro-
duction of other chemotherapy agents such as interferon, and the 
intensifi cation of chemotherapy based on histological response, 
with a particular emphasis on the role of ifosfamide and 
etoposide. 

 For example, the last North American - based randomized 
Phase III pediatric cooperative group study (INT - 0133) jointly 
administered by the Children ’ s Cancer Group and the Pediatric 
Oncology Group addressed two study questions  [1] . 
   •      The study tested whether the addition of ifosfamide and/or 
muramyl tripeptide  –  phosphatidyl ethanolamine (MTP – PE) to 
the three other agents used in the standard treatment of osteosa-
rcoma (doxorubicin, cisplatin, high dose methotrexate) would 
improve the probability of disease - free survival. Muramyl tripep-
tide is a component of the bacillus Calmette - Guerin (BCG) cell 
wall. It is conjugated to phosphatidyl ethanolamine and liposome 
encapsulated to improve delivery to the reticuloendothelial 
system  [67] .  
   •      The primary rationale supporting the use of this relatively non -
 specifi c immune adjuvant were the encouraging results obtained 
in a prospective randomized trial of this compound in canines 
 [68] . The results of this trial did not demonstrate a benefi t for the 
patients who were treated with the addition of ifosfamide or 
muramyl tripeptide – phosphatidyl ethanolamine alone  [69] . 
Further analysis of the results has been undertaken producing 
some discrepant fi ndings.    

 The Scandinavian Sarcoma Group (SSG) has performed four 
non - randomized clinical trials for high - grade osteosarcoma 
localized to the extremities. 
   •      The fi rst study (SSG - II: 1982 – 1989) was based on the MSKCC 
T10 regimen, and contained the BCD combination (bleomycin, 
cyclophosphamide, and actinomycin - D). The OS (OS) and 
event - free survival (EFS) rates were inferior to the MSKCC results 
 [70] . However, the latter were from a single institution, and 
might therefore be expected to be better than those achievable in 
a multi - institutional setting.  
   •      The subsequent SSG osteosarcoma trial (SSG - VIII: 1990 – 1997) 
used a three - drug combination of methotrexate, doxorubicin, 
and cisplatin (MAP) pre - operatively. Good responders were 
given three further cycles of MAP whilst poor responders received 
fi ve cycles of etoposide and ifosfamide. The 5 - year projected OS 
was 74%, which represented an improvement of 9% compared 
with the SSG - II  [71] . However, the relatively low dose of ifosfa-
mide (4.5   g/m 2 ) failed to improve the outcome in poor histologi-
cal responders, and therefore poor response to pre - operative 

identical. Reports from this study indicate that there was no 
advantage to immediate surgery  [58] .    

 Given the advantages in facilitating limb salvage procedures 
and in assessing chemotherapeutic effi cacy, the use of induction 
chemotherapy has become the standard treatment approach for 
osteosarcoma. 

 Soon after the identifi cation of the prognostic value of the 
degree of necrosis following induction chemotherapy it was sug-
gested that chemotherapy be modifi ed for the patients with less 
necrosis which is currently referred to as: 
   •      Either standard or poor responders, and variably defi ned as  < 90 
or  < 98% tumor necrosis.  
   •      Or the persistence of more than rare viable tumor cells, with 
more than very rare viable tumor clumps.    
 This may allow the development of response - directed treatment 
stratifi cation in order to increase their probability of DFS. 
Modifying therapy to achieve a better outcome in patients with 
a poor histologic response was initially reported as showing 
benefi t in an infl uential publication describing the results of the 
T10 protocol at The Memorial Sloan - Kettering Cancer Center 
 [43, 55, 59] . Longer follow up of this patient population, however, 
showed no benefi t to the therapy intensifi cation  [60] . 

 Numerous cooperative groups and institutions, including the 
Children ’ s Cancer Group, the Cooperative Osteosarcoma Study 
Group (COSS), and Istituto Rizzoli among others have under-
taken studies using a similar strategy, delivering a variety of inten-
sifi ed regimens to patients with standard response in an attempt 
to improve their outcome. The vast majority of studies have 
demonstrated that: 
   •      Intensifi ed therapy cannot change the outcome of a patient who 
has had a standard response  [42, 57, 61] .  
   •      Intensifi cation of therapy in the induction period to increase 
the proportion of patients with greater amounts of necrosis (cur-
rently referred to as favorable responders), likewise did not 
change the outcome  [62] .    

 Several trials have been conducted to clarify the role of the 
various chemotherapeutic agents in the treatment of osteosar-
coma as well as their method of delivery. The combination of 
bleomycin, cyclophosphamide, and actinomycin - D was once 
commonly utilized for osteosarcoma treatment but subsequent 
studies demonstrated the combination was not effective  [63]  and 
it is no longer recommended. 

 Studies of pre - surgical chemotherapy administered via the 
intra - arterial route have been performed. Most commonly doxo-
rubicin and cisplatin were administered directly into the arterial 
supply of extremity tumors with the theoretical advantage that 
the drug delivery to the tumor vasculature and tumor would be 
maximized  [42, 64] . High local drug concentrations were docu-
mented by pharmacokinetic studies  [65] , and dramatic responses 
in primary tumors were observed. Reviewing studies of intra -
 arterial chemotherapy in general demonstrate that if improve-
ments occur in local control, which is controversial, it may be at 
the expense of treating systemic disease. An update of studies 
from the M.D. Anderson Hospital where intra - arterial chemo-
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proportion of good responders (achieving  ≥ 90% necrosis in the 
resection specimen) was increased in the more dose - intense arm, 
this did not translate into improved overall or EFS rates. 
Moreover, survival in EOI studies remained inferior to that 
achieved in Germany, Italy and the USA.    

 Thus, the COSS, EOI, and SSG experiences have confi rmed 
that MAP - based chemotherapy is effective in the treatment of 
osteosarcoma, but that the addition of drugs such as ifosfamide 
and etoposide do not necessarily improve survival rates, even in 
the context of increased tumor necrosis rates at the time of defi ni-
tive surgery. These studies are summarized in Table  15.4  and 
Table  15.5   [78] .   

 The EURAMOS 1 clinical trial, launched in 2005, epitomizes 
the current management of osteosarcoma. EURAMOS 1 is the 
culmination of collaboration between the North American 
Children ’ s Oncology Group (COG), the German - Austrian - Swiss 
Cooperative Osteosarcoma Study Group (COSS), the European 
Osteosarcoma Intergroup (EOI) and the Scandinavian Sarcoma 
Group (SSG). The aim of the study is to evaluate whether it is 
possible to improve the outcome of both poor and good res-
ponders to pre - operative chemotherapy by modifi cation of post - 
operative chemotherapy. All patients receive pre - operative 
methotrexate, doxorubicin and cisplatin (MAP) as given in the 
control arm of the INT - 0133 study. Poor responders are rand-
omized to receive MAP with or without ifosfamide and etoposide. 
Good responders will continue on MAP chemotherapy, and are 
randomized to maintenance pegylated interferon -  α  or observa-
tion. In contrast with previous studies, EURAMOS 1 includes 
axial as well as extremity tumors, and patients with metastatic as 
well as non - metastatic disease (www.euramos.org).  

  Treatment of  m etastatic  d isease 
 The standard management of patients with metastatic disease 
follows the same general principles as those who present with 
localized disease, and the overall 5 - year survival of approximately 
50% is infl uenced by the nature and burden of the metastatic 
spread of disease  [1, 79] . For example, patients with more than 
eight pulmonary nodules, bilateral lung involvement and lymph 
node or bone involvement have fared poorly with survival of 
25 – 35%, in comparison with the much better survival of patients 
with less extensive metastases, where survival rates are compara-
ble with those patients with apparently localized disease at pres-
entation  [79] . Therefore, patients undergo surgery wherever 
possible to remove all evidence of bulk disease. Several chemo-
therapy and surgical timing approaches have been reported for 
the treatment of these patients. Survival has clearly been enhanced 
by aggressive treatment designed with a curative intent  [79] .  

  Recurrent  d isease 
 Recurrent disease still occurs in approximately 30 – 40% of oste-
osarcoma patients despite a complete surgical removal and inten-
sive chemotherapy treatment. The overall outcome for those 
patients is poor  [60, 80] , and apart from surgery, there is cur-
rently no universally accepted standard of multimodal treatment. 

chemotherapy does not justify discontinuation of the drugs used 
upfront.  
   •      The following study, a joint Italian/Scandinavian study (ISG/
SSG I: 1997 – 2000), explored the benefi t of adding high - dose ifos-
famide (15   g/m 2 ) to induction therapy, which did not improve 
outcome compared with previous trials  [72] .  
   •      In the next SSG osteosarcoma study, SSG XIV, all patients 
received two MAP cycles pre - operatively and three further cycles 
post - operatively. Poor responders also received ifosfamide (10 –
 14   g/m 2 ). The results of this study have yet to be published.    

 As the SSG trials were being conducted, the German - Austrian -
 Swiss Cooperative Osteosarcoma Study Group (COSS) per-
formed a series of studies using multi - agent regimens. 
   •      COSS 80 (1979 – 1982) compared the effect of cisplatin with that 
of the BCD combination, within the context of sequential multi -
 drug chemotherapy with doxorubicin and high - dose methotrex-
ate. After surgery patients were further randomized to receive or 
not to receive fi broblast interferon in addition to chemotherapy. 
There was no difference in DFS rates in the patients receiv-
ing BCD versus cisplatin or receiving interferon versus no inter-
feron  [56] .  
   •      COSS 82 tried to spare some patients from the chronic toxicity 
of doxorubicin and cisplatin by using these only in poor response 
to a less aggressive pre - operative regimen. However, poor 
responders were not salvaged by post - operative intensifi cation 
suggesting that osteosarcoma chemotherapy should be as aggres-
sive as possible from initiation  [61] .  
   •      In the subsequent study, COSS 86, patients were stratifi ed into 
a high -  and a low - risk stratum, based on tumor length, initial 
tumor histology and radiological response to chemotherapy. Low 
risk patients received MAP, whereas high - risk patients received 
MAP and ifosfamide. Actuarial overall and EFS rates at 10 years 
were 72% and 66%, respectively  [73] . In Italy, the Rizzoli Institute, 
using a fi ve - drug regimen (MAP with ifosfamide and etoposide 
for poor responders to pre - operative chemotherapy) achieved a 
5 - year EFS of 63%  [74] .    

 The European Osteosarcoma Intergroup (EOI) collaboration 
used an alternative approach to the prolonged multi - drug regi-
mens used by the American, German, and Italian groups. EOI 
used shorter dose - intense regimens in a series of large prospective 
randomized controlled studies. 
   •      An initial study demonstrated no benefi t to the addition of 
methotrexate to doxorubicin and cisplatin, the two - drug combi-
nation producing a 5 - year DFS of 57%  [75] .  
   •      A second study made the important comparison of doxoru-
bicin and cisplatin with a multi - agent combination very similar 
to the T10 regimen  [76] . This reported no benefi t from the longer 
multi - agent protocol, although the overall 5 - year event survival 
for the whole study group, at 43.7%, was inferior to the results 
of the previous EOI study. Nevertheless, the doxorubicin and 
cisplatin combination was adopted as standard treatment.  
   •      The subsequent study, BO06, determined whether it was pos-
sible to improve results by increasing dose intensity by use of 
colony stimulating factors  [77] . Results showed that while the 
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  Table 15.4    Studies of neoadjuvant chemotherapy in non - metastatic extremity osteosarcoma  [78] .   (From Whelan J  et al.  [78] , with permission from Current Medicine 
Group, LLC.)   

   Study     Type     Patients 
( n )  

   Chemotherapy     Good 
responders  

   Modify post - op 
chemotherapy 
by histologic 
response?  

   Outcome     Outcome 
better for poor 
responders by 
changing 
chemotherapy?  

  MSKCC T7 
 [59, 60]   

  Single centre    75    Pre - op and post - op: BCD, 
MTX, V, D  

  65%    No    12 - year DFS 72%    NA  

  MSKCC T10 
 [59, 60]   

  Single centre    153    Pre - op: MTX, V 
 Post - op: D, P, BCD (poor) 

 or  D, MTX, BCD (good)  

  34%    Yes    5 - year DFS 72%    No  

  SSG - 1 (T10) 
 [70]   

  Multicentre    97    Pre - op: MTX, V 
 Post - op D, P, BCD (poor) 

 or  D, MTX, BCD (good)  

  17%    Yes    5 - year DFS 54% 
 5 - year OS 64%  

  No  

  CCSG - 782 
(T10)  [57]   

  Multicentre    268    Pre - op: MTX, BCD 
 Post - op: D, P, BCD (poor) 

 or  D, MTX, BCD (good)  

  28%    Yes    8 - year DFS 53% 
 8 - year OS 60%  

  No  

  COSS - 80  [56]     RCT    158    Pre - op: MTX, D; BCD  or  P 
 Post - op: MTX, D; BCD  or  

P    ±    IFN  

  Not reported    No    2.5 - year DFS 68%    NA  

  COSS - 82  [61]     RCT    125    Pre - op: MTX, BCD  or  
MTX, D, P 

 Post - op: modifi ed on 
response  

  MTX, BCD 
28% 

 MTX, D, P 
60%  

  Yes    4 – year MFS 58%    No  

  COSS - 86  [73]     Multicentre    171    Pre - op and post - op: MTX, 
D, P; I (high risk 
patients)  

  76%    No    10 - year EFS 66% 
 10 - year OS 72%  

  NA  

  Rizzoli study 1 
 [42]   

  Single centre    127    Pre - op: MTX, P 
 Post - op: MTX, D, P 

(good) or D, BCD 
(poor)  

  52%    Yes    5 - year DFS 49%    No  

  Rizzoli study 2 
 [74]   

  Single centre    164    Pre - op: MTX, D, P 
 Post - op: MTX, D, P 

(good) or MTX, 
D, P, I, E (poor)  

  71%    Yes    5 - year DFS 63%    Yes  

  EOI study 1 
 [75]   

  RCT    198    Pre - op and post - op: 
P, D    ±    MTX  

  30%    No    D, P: 5 - year DFS 57%, 
 5 – year OS 64% 
 D, P, MTX: 5 - year DFS 57%, 
 5 - year OS 64%  

  NA  

  EOI study 2 
 [76]   

  RCT    391    Pre - op: D, P or MTX, D, V 
 Post - op: D, P or MTX, D, 

V, BCD  

  D,P 30% 
 multidrug 

29%  

  No    5 - year PFS 44% 
 5 - year OS 55%  

  NA  

  EOI study 3 
 [77]   

  RCT    504    Pre - op and post - op: 
 D, P    ±    GCSF  

  D, P 36% 
 D, P, GCSF 

51%  

  No    D, P: 5 - year DFS 37%, 
 5 - year OS 54% 
 D, P, GCSF: 5 - year DFS 40%, 
 5 - year OS 56%  

  NA  

  INT - 0133  [69]     RCT    507    Pre - op and post - op: 
 MTX, D, P    ±    I,  ± MTP - PE  

  Not reported    No    3 - year EFS: D, P, MTX 71%; 
 D, P, MTX, MTP - PE 69%; 
 D, P, MTX, I 60%; 
 D, P, MTX, I, MTP - PE 78%  

  NA  

   BCD,bleomycin, cyclophosphamide, actinomycin - D. COSS, Cooperative Osteosarcoma Study. D, doxorubicin. DFS, DFS. E, etoposide. EFS, EFS. EOI, European Osteosarcoma 
Intergroup. GCSF, granulocyte colony stimulating factor. I, ifosfamide. IFN, interferon. MFS, metastasis free survival. MSKCC, Memorial Sloan - Kettering Cancer Centre. 
MTP - PE, muramyl tripeptide phosphatidyl ethanolamine.     MTX, methotrexate. NA, not applicable. OS, overall survival. P, cisplatin. PFS, progression - free survival. Post - op, 
post - operative. Pre - op, pre - operative. RCT, randomized controlled trial. SSG, Scandinavian Sarcoma Group. V, vincristine.   
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studies typically included patients with isolated pulmonary 
nodules which were not histologically confi rmed  [79] .  
   •      The site of the primary tumor has some prognostic signifi cance, 
with axial lesions prognostically inferior to tumors of the appen-
dicular skeleton.  
   •      Both serum lactate dehydrogenase and the alkaline phosphatase 
correlate with outcome; higher levels of either enzyme predict an 
inferior prognosis  [1, 84 – 86] . These factors most likely infl uence 
outcome by refl ecting the size of the tumor or its resectability.  
   •      The histological response to induction chemotherapy is a con-
sistent prognostic factor but cannot be assessed at diagnosis  [2] .  
   •      In patients with disease metastatic at diagnosis, the number of 
pulmonary nodules as well as their laterality are of prognostic 
signifi cance  [79, 82, 86] .    

 The received dose - intensity of chemotherapy has been studied 
in the setting of osteosarcoma, where a higher dose - intensity has 
been found to relate to the extent of tumor necrosis  [87] , where 
there was a lower overall -  and progression - free survival for 
patients with a received dose - intensity (RDI) of 0.6 or less. 
However, these differences were not statistically signifi cant at 
5 - year follow up for patients with non - metastatic disease treated 
with cisplatin and doxorubicin  [88] , even in the setting of the 
known improvement in pre - operative histological response  [87] . 
Similarly, the dose - intensity of drug achieved by day 200 for a 
regimen containing cisplatin, doxorubicin, high - dose methotrex-
ate (HDMTX), and ifosfamide in this clinical setting was not 
found to relate to prognosis  [89] . 

 The outcome for osteosarcoma has also been related to phar-
macokinetic and cellular pharmacological determinants of chem-
osensitivity for HDMTX in particular. Considerable inter - patient 
pharmacokinetic variability has been described for HDMTX. For 
example, HDMTX infusions of 5   g/m 2  administered over 24 
hours achieve steady - state plasma concentrations of 25 – 100    μ M 

Ferrari  et al . reported a projected 5 - year post - relapse survival rate 
of 28% in patients with recurrent osteosarcoma of the extremity 
 [81]  while Bielack  et al.  described an actuarial 5 - year survival rate 
of 23% in patients with recurrent osteosarcoma of any site  [35] . 
Prognosis appears to relate to: 
   •      Complete surgery seems to be a prerequisite for cure  [80, 82] . 
Patients with recurrence in unresectable locations have very little 
probability of survival.  
   •      A long interval between fi rst diagnosis and relapse and a small 
number of involved sites are favorable prognostic indicators 
 [80] .  
   •      Treatment with chemotherapy, especially with agents not used 
during front - line treatment, may benefi t in some cases, and 
patients who don ’ t achieve second complete surgical remission 
and received chemotherapy survived signifi cantly longer than 
those who did not. However, the role of chemotherapy in relapsed 
patients who achieved second complete surgical remission is 
equivocal  [80, 81] .     

  Prognostic  f actors 
 The outcome of osteosarcoma patients depends on several factors 
that include clinical, histological, and pharmacological factors. 
   •      The most consistent prognostic factor at diagnosis is the pres-
ence of clinically detectable metastatic disease, which confers a 
unfavorable prognosis  [1, 79, 83] . With currently available regi-
mens, approximately 60 – 70% of patients with non - metastatic 
osteosarcoma of the extremity will survive without evidence of 
recurrence.  
   •      In most large reported studies, only 10 – 20% of patients who 
presented with clinically detectable metastatic disease were con-
tinuously free of disease 5 years from diagnosis  [1, 79, 82, 83] .  
   •      In some series the outcome of patients presenting with meta-
static disease has been reported to be as high as 50% but these 

  Table 15.5    Studies of non - metastatic extremity osteosarcoma in which pre - operative chemotherapy has been intensifi ed aiming to increase the proportion of patients 
with a good histological response to pre - operative chemotherapy.   (From Whelan J  et al.  [78] , with permission from Current Medicine Group, LLC.)   

   Study     Type      n      Chemotherapy     % good responses     Outcome     Intensifi cation 
judged benefi cial?  

  COSS 86  [73]     Multi - centre    171    Methotrexate, doxorubicin, 
cisplatin,  ±  ifosfamide 
(in high risk patients)  

      10 - year EFS 66% 
 10 - year OS 72%  

  No  

  MSKCC T12  [62]     RCT    73    Methotrexate, BCD,  ±  
cisplatin, doxorubicin  

  Standard arm 37% 
 Intensifi ed 44%  

  5 - year EFS 73% 
 5 - year OS 78%  

  No  

  INT – 0133  [69]     RCT    507    Methotrexate, doxorubicin, 
cisplatin    ±    ifosfamide 
and/or MTP - PE  

  Not reported    3 - year EFS: 
 Standard 71% 
 Ifosfamide, MTP - PE 78%  

  Yes  

  ISG/SSG  [78]     Multi - centre    181    Methotrexate, doxorubicin, 
cisplatin, ifosfamide  

  60%    3 - year EFS 68% 
 3 - year OS 86%  

  No  

   BCD, bleomycin, cyclophosphamide, actinomycin - D. COSS, Cooperative Osteosarcoma Study. EFS, event - free survival. ISG, Italian Study Group. MSKCC, Memorial 
Sloan - Kettering Cancer Centre. MTP, PE - muramyl tripeptide phosphatidyl ethanolamine. OS, overall survival. RCT, randomized controlled trial. SSG, Scandinavian Sarcoma 
Group.   
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exposures to methotrexate may not be optimal for all patients, 
especially for those tumors with low RFC expression and a low 
potential for MTX polyglutamation. This will be especially true 
for extracellular MTX concentrations at which the RFC is a limit-
ing factor for drug uptake, an occurrence that is found very soon 
after the end of a HDMTX infusion for many patients. 

 The main cellular determinants for chemosensitivity of doxo-
rubicin and cisplatin, namely cellular MDR - 1 phenotype and 
glutathione or glutathione - transferase levels, respectively, have 
not been studied extensively in relation to received dose - intensity 
or the pharmacokinetic variables of the drugs currently employed 
in the treatment of osteosarcoma. Studies of MDR1 mRNA 
expression and outcome have shown either a negative  [102]  or 
neutral  [103]  impact upon outcome, and although the expression 
of glutathione - s - transferase relates to cisplatin and doxorubicin 
resistance  in vitro   [104] , this fi nding has not yet been explored in 
the clinical setting.  

  Follow  u p and  l ate  e ffects 
 After treatment completion, careful follow up is required to 
monitor for signs of recurrence and treatment - related complica-
tions. Either surgery or/and chemotherapy may be associated 
with long - term disability of some degree. Both limb salvage 
surgery and amputation may have functional and cosmetic/psy-
chological consequences. Revision surgery may be required in 
case of prosthesis - related infection, loosening or breakage. 
Furthermore, skeletally immature children will require sequential 
lengthening of their prosthesis. 

 Doxorubicin can cause acute and late cardiac toxicity which 
may become manifest clinically as congestive heart failure or 
malignant arrhythmias. The risk of cardiac toxicity is related to 
both dose intensity and total cumulative dose. Lifelong follow up 
with serial echocardiograms is essential. 

 The North American - based pediatric cooperative group, the 
Children ’ s Oncology Group, has completed a series of pilot fea-
sibility studies assessing increased dose doxorubicin with dexra-
zoxane cardioprotection in combination with the other standard 
agents, increased dose ifosfamide and etoposide in combination 
with the other standard agents or standard dose ifosfamide in 
combination with increased dose doxorubicin with dexrazoxane 
cardioprotection in patients with a standard chemotherapy 
response. The results of this study have not been published as of 
yet but the treatments were generally tolerable. 

 Cisplatin is responsible for high frequency hearing loss, 
reported as in as high as 11% of the patients  [69] . However, only 
a few patients who survive their osteosarcoma require hearing 
aids. 

 Treatment with cisplatin or ifosfamide may result in chronic 
renal failure. Moreover, gonadal damage may be evident in sur-
vivors of osteosarcoma (males more so than females). In addi-
tion, secondary malignancies (such as leukemia, breast, lung, 
kidney, central nervous system, and colon cancer) have been 
observed in 2 – 3% of patients at a median of 7.6 years (1 – 25 years) 
after primary osteosarcoma treatment  [105] .  

 [90] . The importance of steady - state MTX concentrations 
achieved during HDMTX - based therapy for childhood acute 
lymphoblastic leukaemia (ALL) and osteosarcoma have been 
reported in relation to prognosis. For childhood ALL, median 
plasma MTX concentrations achieved during a 24 - hour infusion 
of  > 16    μ M optimize the metabolism of MTX to more potent 
moieties and are protective against bone marrow relapse. 
Furthermore, pharmacologically - guided HDMTX consolidation 
therapy, designed to achieve above median systemic exposure 
when compared with conventional surface area dosing has 
improved survival in a randomized trial  [91] . 
   •      For osteosarcoma, dose intensity  [92]  and pharmacokinetic 
variability have been related to outcome.  
   •      For example, DFS has been related to MTX systemic exposure 
 [93] , and a better prognosis has been found for patients who 
achieve high steady - state MTX concentrations following a 
HDMTX infusion of 12   g/m 2 .  
   •      In the latter studies, plasma MTX concentrations of  > 700    μ M 
at the end of a 6 hour infusion  [94] , or  > 1000    μ M at the end of 
a 4 hour HDMTX infusion were signifi cantly related to DFS 
 [95] .  
   •      A further suggestion of the importance of MTX pharmacology 
comes from the improvement in 5 - year DFS found for patients 
who undergo MTX dose escalation to achieve higher systemic 
exposures and dose intensities, albeit in a non - randomized 
study  [96] .    

 However, the importance of end - infusion MTX concentra-
tions has not been found for all studies involving patients with 
osteosarcoma  [97] . Moreover, a recent study brings an element 
of caution to the assumption that high levels of MTX are always 
protective, and this group have found a negative impact for very 
high steady - state plasma concentrations ( > 1500    μ M) and sys-
temic exposure following HDMTX  [98] . 

 The cellular pharmacology of MTX has been less well studied 
for osteosarcoma in comparison with childhood ALL. 
   •      However, xenografts of osteosarcoma cells have been found to 
form predominantly short - chain (and less pharmacologically 
potent) MTX polyglutamates  [99] .  
   •      Moreover, a study from the Memorial Sloan - Kettering group 
has described the occurrence of relatively low - levels of reduced 
folate carrier (RFC) mRNA expression for 65% of osteosarcoma 
samples studied at diagnosis, a factor that is known to limit MTX 
uptake into cells. This patient group formed two - thirds of the 
patients who responded poorly on histological grounds to initial 
chemotherapy  [100] .  
   •      Although occurring in two - thirds of patients at relapse, rela-
tively high tumoral levels of the target enzyme dihydrofolate 
reductase were only found for 10% of patients at diagnosis 
 [100] . The fi ndings of the Memorial Sloan - Kettering group have 
been supported by the fi ndings of Ifergan  et al.  (1993)  [101] , 
where lower RFC protein levels also relate to poor histological 
response.    

 Therefore, based on this profi le of the potential cellular deter-
minants of sensitivity to MTX for osteosarcoma, short - term 
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approaches to the therapy of this disease. Plasma VEGF levels 
have been found to relate both to the degree of tumoral angio-
genesis and risk of developing pulmonary metastases  [114] , and 
tumoral VEGF expression both at diagnosis  [115]  and following 
pre - operative chemotherapy  [116]  negatively impact upon DFS 
and OS. Thus, the ongoing evaluation of specifi c VEGF inhibitors 
in the pediatric setting  [117]  may result in specifi c strategies being 
developed in the setting of osteosarcoma. Thus, the eventual 
incorporation of the agents of proven activity and these newer 
agents into front - line chemotherapy protocols will hopefully 
further improve the outcome of all osteosarcoma patients.   

  Ewing ’ s  s arcoma  f amily  t umors ( ESFT ) 

 The ESFT are comprised of two major entities, Ewing ’ s sarcoma 
and primitive neuroectodermal tumors, which although initially 
considered to be distinct are now believed to be a spectrum of the 
same entity  [1] . In the early 1980s it was discovered that Ewing ’ s 
sarcoma and primitive neuroectodermal tumor have the same 
reciprocal translocation between chromosomes 11 and 22, 
t(11;22)(q24;q12)  [118] . The combination of the shared translo-
cation, and the similar clinical behaviour led these two tumors, 
along with Askin ’ s tumor (a similar tumor specifi cally of the chest 
wall), to be described subsequently as the ESFT  [119] . Its overall 
features are summarized in Box  15.2 .   

  Epidemiology and  p athogenesis 
 Based upon SEER (Surveillance Epidemiology and End Results) 
data, the incidence of ESFT in children and adolescents is 2.9/
1   000   000 per year  [2] , and has the following epidemiological 
features. 

  Novel  t herapeutics and  f uture  d irections 
for  m anagement 
 Intensive efforts in recent years have been made to increase the 
understanding of the basic biology of osteosarcoma. As intensi-
fi cation of therapy after an inferior histologic response has gener-
ally failed to improve outcome and prognostic factors at diagnosis 
are limited, efforts have been directed towards identifying bio-
logical factors which predict outcome. Examples of this include 
studies of P - glycoprotein expression, DNA ploidy, human epi-
dermal growth factor receptor - 2 overexpression, cDNA expres-
sion profi ling, and comparative genomic hybridization. Many 
molecular markers are currently under study, but suffi cient data 
have not yet been accrued to allow any to be recommended as 
prognostic factors  [1, 106 – 109] . 

 Another area of active research has been the use of radio-
graphic studies as predictors of the degree of necrosis at the time 
of defi nitive surgery. Several techniques have been proposed for 
this purpose but none thus far has been proven to be suffi ciently 
sensitive or reliable. Assessment of disease by conventional radio-
graphs, computed tomography, and MRI show defi nite changes 
in response to pre - surgical chemotherapy, but the changes do not 
correlate reliably with histologic response. Studies suggest three 
phase bone scans and thallium scintigraphy may predict the his-
tologic tumor response  [110] . Dynamic MRI and positron emis-
sion spectroscopy are also promising  [111] . Ultimately, if 
radiographic studies are effective at determining the degree of 
necrosis at defi nitive surgery, earlier or repeated evaluation of 
tumor response could be performed. These radiographic studies 
would serve as a prognostic factor or an earlier determinant of 
the effectiveness of therapy. 

 New therapies are clearly needed for the treatment of osteosa-
rcoma patients. Patients who present with metastatic disease or 
develop recurrent disease have a poor prognosis and are appro-
priate for consideration for clinical trials of novel agents. 
   •      Monoclonal antibodies against osteosarcoma may prove useful 
as treatments or for delivering drugs or radiopharmaceuticals 
directly to the tumor. Therapies such as trastuzumab, which 
targets the epidermal growth factor receptor type - 2, are being 
tested in osteosarcoma  [1] . Newly developed antibodies targeting 
insulin - like growth factor receptor are of potential interest and 
clinical trials are rapidly being developed.  
   •      Other biologic approaches such as the use of inhaled granulo-
cyte macrophage colony stimulating factor and interferon are 
being tested.  
   •      Bone - seeking isotopes such as samarium may allow the delivery 
of extremely high dose local radiation therapy, perhaps providing 
an appropriate treatment approach for sites of mineralized 
disease  [112] .  
   •      Adenoviral gene therapy approaches using selective promoters, 
such as the promoter driving osteocalcin expression, controlling a 
suicide gene (thymidine kinase), is being developed  [113] . Studies 
of new drugs such as pemetrexed are also being developed.    

 The study of vascular endothelial growth factor (VEGF) -
 related biology in relation to osteosarcoma may also lead to novel 

  Box 15.2    Treatment and prognosis for Ewing ’ s 
sarcoma family tumors. 

        •      For localized disease the survival is 60 – 70%  

   •      Local control measures include surgery and radiotherapy and 
are important for cure  

   •      Induction chemotherapy is intensive and is currently based 
on vincristine, ifosfamide, doxorubicin and etoposide  

   •      Tumour necrosis in response to induction therapy may allow 
stratifi cation of the nature and intensity of treatment post -  
surgery/radiotherapy for local control, but the role of 
high - dose chemotherapy treatment uncertain, with the 
inclusion of ifosfamide and etoposide  

   •      Limb - sparing surgery is possible for most patients  

   •      For metastatic disease at presentation, the survival is less good 
(25 – 35%) depending on nature and extent of disease burden  

   •      Long - term morbidities include cardiac and otological sequelae  

   •      Novel therapies being explored in clinical and pre - clinical 
setting     
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   •      Long bone lesions can present with a pathologic fracture.  
   •      Back pain may indicate tumors in a paraspinal, retroperitoneal, 
or deep pelvic location and must be considered in the differential 
diagnosis of this symptom  [1, 4] .  
   •      Systemic symptoms of fever and weight loss can occur and 
often indicates the presence of metastatic disease.  
   •      ESFT can occur in virtually any location, even remote from 
bones rarely, so that careful examination of painful sites by 
inspection and palpation is critical.  
   •      Since ESFT can present in close juxtaposition to vertebrae, 
tumors can result in neuropathic pain mimicking sciatica or pro-
ducing nerve dysfunction. Thus, a comprehensive neurological 
exam is critical to evaluate asymmetric weakness or numbness.  
   •      Patients with lung metastases may present with asymmetric 
breath sounds, pleural signs, or rales.  
   •      Unlike osteosarcoma, ESFT metastasizes to the bone marrow 
and patients with signifi cant disease in this site can present with 
petechiae or purpura from thrombocytopenia  [1, 4] .    

 The most frequent primary sites for ESFT include the pelvis, 
femur, ribs, and spine (8%) (Figure  15.2 ). Approximately 25% of 
patients will present with metastatic disease at diagnosis  [129] . 
Less than 40% of the patients that present with metastatic disease 
at diagnosis will have it confi ned to lung or pleura. The majority 
of patients with metastatic disease will have bone and/or bone 
marrow metastases either alone or in addition to pulmonary/
pleural disease, which again contrasts with osteosarcoma  [129] . 
A pelvic location of the tumor, high levels of lactate dehydroge-
nase, fever, age older than 12 years and an interval between onset 

   •      There is a slight male predominance.  
   •      Its incidence peaks in the latter half of the second decade.  
   •      The age distribution of ESFT shows 27% occur in the fi rst 
decade, 64% in the second decade, and 9% in the third decade 
 [120] .  
   •      It has an unusual and unexplained race distribution. The inci-
dence in whites is at least ninefold higher than in blacks. This is in 
contrast to osteosarcoma, which has a relatively equal race distri-
bution. This racial predilection is not related to geography  [2] .    

 There is no known cause of ESFT, and all cases are thought to 
be sporadic. However, family members of ESFT patients have an 
increased incidence of neuroectodermal and stomach malignan-
cies  [121] . Growth parameters such as height and weight have not 
been linked to developing an ESFT  [122] . ESFT rarely occurs as 
a second neoplasm  [123] . ESFT are thought to derive from cells 
of neuroectodermal origin, possibly post - ganglionic cholinergic 
neurons  [124] , although the exact cell of origin of ESFT has yet 
to be identifi ed. 
   •      The translocation t(11;22)(q24;q12), or another in a series of 
related translocations occurs in greater than 95% of ESFT. Some 
researchers argue that such a translocation is pathognomonic and 
suffi cient for a diagnosis of ESFT  [125] .  
   •      The classic t(11;22)(q24;q12) translocation joins the EWS gene 
(Ewing ’ s Sarcoma) located on chromosome 22 to an ETS family 
gene, FLI - 1 (Friend Leukemia Insertion) located on chromo-
some 11.    

 The EWS/FLI1 fusion transcript encodes a 68   kD protein with 
two primary domains. The EWS domain is a potent transcrip-
tional activator, while the FLI1 domain contains a highly con-
served ETS DNA binding domain. 
   •      The EWS/FLI1 fusion protein thus acts as an aberrant tran-
scription factor. EWS/FLI - 1 transforms mouse fi broblasts.  
   •      To effect this transformation, both the EWS and FLI - 1 func-
tional domains must be intact  [126] .  
   •      The insulin - like growth factor type 1 receptor (IGF - IR) is 
required for EWS/FLI - 1 to transform fi broblasts  [127] .    
 Thus, the EWS/FLI - 1 fusion protein is implicated in the patho-
genesis of ESFT. However, there are no data as to the underlying 
etiology of the translocation. Early investigations of EWS/FLI - 1 
induced transformation of mouse fi broblasts demonstrated that 
not all fi broblasts could be equally transformed. The fi broblasts 
that were transformable were immortalized and were found 
to lack some component of the G1 checkpoint, most often 
p16(INK4a)  [128] . Over half of all ESFT from patients have been 
shown to lack some component of the G1 checkpoint, either p16, 
p15, p14, p53, or p21  [128] . The exact role of these additional 
alterations in the pathogenesis and their clinical signifi cance in 
ESFT remains unclear.  

  Presentation 
 ESFT patients usually present with pain and a palpable mass. As 
compared with osteosarcoma there is a greater propensity to 
develop in the axial skeleton, although appendicular sites remain 
the most common site of presentation. 
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     Figure 15.2     Site of primary tumor in patients with Ewing sarcoma family 
tumors of the bone.  
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   •      Membranous staining of CD99 (MIC2), present on greater 
than 90% of ESFT, and are well preserved using standard tissue 
fi xation  [132] .  
   •      Muscle, lymphoid, and adrenergic markers should be negative.  
   •      Immature tumors lack most immunohistochemical markers, 
but do contain abundant glycogen.  
   •      More differentiated tumors express membrane and cytoplas-
mic markers including neuron specifi c enolase, S - 100, neurofi la-
ments, CD57, CD45, and synaptophysin.    

 Differentiating tumors often contain pseudo - rosettes and 
sometimes contain classical rosette formation. Tumor differentia-
tion markers can help with diagnosis of ESFT but despite reports 
that differentiation might be prognostic  [133] , this has not been 
confi rmed in large series  [120, 133] . Identifying an ESFT - specifi c 
translocation is pathognomonic for the diagnosis. 
   •      This includes chromosomal breakpoints t(11;22), t(21;22) and 
t(7;22).  
   •      These breakpoints are often seen by standard cytogenetic kary-
otyping. Standard cytogenetics and FISH can also reveal addi-
tional karyotypic abnormalities including trisomies 8 and 12, and 
chromosomes 1 and 16 abnormalities (see section on prognostic 
factors)  [134] .  
   •      Some of the t(21;22) remain cryptic by standard cytogenetic 
techniques and require RT - PCR or FISH. Ideally every small 
round blue cell tumor should be evaluated by a multiplex RT - PCR 
assay that will identify any of the known translocations and iden-
tify translocations of histologically similar small round blue cell 
tumors such as rhabdomyosarcoma  [124, 135] .     

  Treatment 
 Survival of patients with ESFT prior to the use of chemotherapy 
was poor; studies reported a 5 - year survival of 10%  [131] . The 
fi rst chemotherapeutic agents with effi cacy in ESFT were cyclo-
phosphamide (C), actinomycin - D (A), and vincristine (V). 
Patients with ESFT began to be treated with these agents indi-
vidually in the early 1960s and in combination by the late 1960s. 
Evaluation of survival curves from ESFT studies is generally 
unstable for a minimum of 5 years from diagnosis. 

 The most consistent stratifi cation factor is the presence or 
absence of metastatic disease at diagnosis, and this is currently 
used to stratify patients. Alkylating agents (cyclophosphamide, 
ifosfamide, melphalan, and busulfan) and doxorubicin are the 
most active single agents in ESFT, while the combination of ifos-
famide plus etoposide showed signifi cant activity in a classic 
phase II setting  [131, 136] . Platinum derivatives have not shown 
signifi cant effi cacy in ESFT  [131] . The European experience and 
historical perspectives for the therapy of ESFT highlights the 
development of those principles that underpin contemporary 
treatment approaches such as: 
   •      The importance of the combined modalities of surgery and 
radiotherapy for local control.  
   •      The early consideration of local control in the treatment 
pathway.  
   •      The dose intensity of alkylating agents such as ifosfamide.  

of symptoms and diagnosis of less than 3 months, tends to associ-
ate with having clinically evident metastatic disease at diagnosis 
 [130] .    

  Investigation and  s taging 
 The evaluation of suspected ESFT begins with history, physical 
examination, laboratory evaluations, and plain radiographs. 
History and physical examination are as described previously. 
There are no blood tests with which to diagnose ESFT. Serum 
lactate dehydrogenase level, if elevated, suggests malignancy but 
is neither sensitive nor specifi c. Anemia, neutropenia, and throm-
bocytopenia can suggest bone marrow infi ltration but are also not 
specifi c for ESFT  [1, 4] . 

 ESFT should be included in the differential diagnosis of any 
bone or soft tissue mass in patients from age three through to the 
third decade of life. The differential diagnosis of a bone lesion 
should include other neoplasms both malignant and benign 
including osteosarcoma and other non - neoplastic entities such as 
osteomyelitis. If a mass is palpated or if persistent bone pain is 
reported, plain radiographs are indicated  [1, 4, 131] . 

 The classic radiological description of an ESFT is a lamellar 
(onion skin) lesion on plain fi lm which if it involves a long bone 
is typically in the diaphysis. Additional radiographic fi ndings may 
include bone sclerosis, elevation of the periosteum with periosteal 
reaction (Codman ’ s triangle) and radial streaks of bone beyond 
the cortical walls. 

 Once a bone tumor is suspected from a radiograph, the sus-
pected primary lesion should be imaged for biopsy planning pur-
poses among other reasons  [1, 4, 131] . An MRI of the region can 
help to identify extent of disease, and is generally more precise 
than CT scan. The CT scan, however, delineates bone involve-
ment better. 

 Tumors that are adjacent to critical neurological structures 
require rapid MRI scanning and consideration of emergency 
therapy to prevent neurological deterioration. The radiological 
evaluation for metastases must include a chest CT scan and radio-
isotope bone scans. Bone marrow aspiration and biopsy are 
required, to exclude malignant infi ltration, as this is a potential 
site of metastases  [1, 4, 131] . 

 ESFT are typically staged based on the radiographic fi ndings 
and grade of the tumor (which is always high grade) using the 
Enneking staging system described previously. Pre - chemotherapy 
treatment evaluations should be performed as described for oste-
osarcoma. A biopsy is always required to confi rm the diagnosis. 
The biopsy needs to be evaluated by routine staining as well as 
by immunohistochemistry to exclude other small round blue 
cell tumors such as rhabdomyosarcoma and lymphoma. The 
diagnosis should be confi rmed using cytogenetics, reverse tran-
scriptase - polymerase chain reaction (RT - PCR), and fl uorescent 
 in situ  hybridization (FISH) to identify the t(11;22) or a related 
translocation. 

 ESFT range from completely undifferentiated (Ewing ’ s 
sarcoma) to differentiated (peripheral primitive neuroectodermal 
tumor). Immunohistochemical markers include: 
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ESFTs. Therapy included induction chemotherapy consisting of 
vincristine and cyclophosphamide, followed by surgery (where 
possible), followed by radiotherapy (0 – 60   Gy, depending on the 
quality of resection and the histological response to induction 
chemotherapy) and maintenance chemotherapy with vincristine, 
cyclophosphamide, actinomycin, and doxorubicin. The projected 
5 - year DFS and OS rates were 58% and 66% respectively  [141] . 

 ET - 1 (1978 – 1986,  n    =   142) was the fi rst study conducted by 
the United Kingdom Children ’ s Cancer Study Group (UKCCSG), 
for patients with localized and metastatic Ewing ’ s sarcoma. 
Induction chemotherapy (vincristine, adriamycin, and cyclo-
phosphamide) was followed by surgery (where possible), fol-
lowed by radiotherapy combined with vincristine and 
cyclophosphamide, followed by maintenance chemothearapy 
with VACA (vincristine, cyclophosphamide, and adriamycin 
alternating with actinomycin - D). The 5 - year DFS and OS rates 
were 38% and 44% respectively for patients with localized disease 
and 9% and 14% respectively for metastatic patients  [142] . 

 In the second UKCCSG study ET - 2 (1987 – 1993,  n    =   243), 
patients with localized and metastatic Ewing ’ s sarcoma received 
four cycles of induction chemotherapy with ifosfamide, vincris-
tine, adriamycin followed by surgery (where possible), followed 
by radiotherapy combined with vincristine and cyclophospha-
mide, followed by maintenance chemothearapy with three cycles 
of ifosfamide, vincristine, adriamycin, and 10 cycles of ifosfa-
mide, vincristine, and actinomycin - D. 
   •      The 5 - year DFS and OS rates were 56% and 62% respectively. 
For those with localized disease at diagnosis the DFS rate was 62% 
and for those with metastases, 23%  [143] .  
   •      The improved survival rates, compared with those achieved in 
ET - 1, were attributed to the use of higher doses of ifosfamide 
compared with relatively low doses of cyclophosphamide in 
ET - 1.    

 The German Society of Pediatric Oncology initiated the 
Cooperative Ewing ’ s Sarcoma Study CESS - 81 (1981 – 1985, 
 n    =   93) using a four - drug combination with VACA, prior to 
defi nitive local control with surgery and/or radiotherapy. The 
estimated 3 - year DFS rate was 60%. For patients with small 
tumors ( < 100   ml) the estimated 3 - year DFS was 80% and for 
those with large tumors ( > 100   ml), 31%  [144] . The following 
study, CESS - 86 (1986 – 1991,  n    =   301) aimed at improving EFS in 
patients with high - risk localized Ewing ’ s tumor of bone. Tumors 
of volume  > 100   ml and/or central axis sites qualifi ed patients for 
 ‘ high risk ’  (HR), and small extremity lesions for  ‘ standard risk ’  
(SR). SR patients received 12 courses of VACA; HR patients 
received ifosfamide instead of cyclophosphamide (VAIA). The 
10 - year EFS rate was 52% and did not differ between SR and HR 
patients. HR patients seem to have benefi ted from the intensifi ed 
treatment that incorporated ifosfamide  [145] . 

 The EICESS - 92 study (1992 – 1999,  n    =   1062) was the product 
of cooperation between the German/Dutch/Austrian Cooperative 
Ewing ’ s Sarcoma Group (GPOH) and UKCCSG. SR patients 
(localized,  < 100   ml) received four courses of VAIA induction 
therapy and were then randomized to eight courses of either 

   •      The continued challenge to improve the survival of high risk/
metastatic patients.     

  European  c linical  t rials 
 The SSG has conducted two clinical trials for Ewing ’ s sarcoma, 
the SSG IV and SSG IX. Following those, as part of the 
Scandinavian/Italian (Italian Sarcoma Group, ISG) cooperation 
two further trials have taken place, the ISGSSG - III and ISGSSG -
 IV, for localized and metastatic disease, respectively. 
   •      In SSG IV (1984 – 1990,  n    =   52), patients with localized and 
metastatic disease received fi ve blocks of a 12 - week cycle of chem-
otherapy with vincristine, methotrexate, doxorubicin, cyclophos-
phamide, bleomycin, and dactinomycin. After two blocks of 
chemotherapy, surgery (if possible) was performed and radio-
therapy as daily fractions of 2   Gy to a total dose of 40 – 60   Gy. 
Metastasis - free and sarcoma - related survival at 5 years were 43% 
and 46% respectively with a high local recurrence rate of 19% 
 [137] .  
   •      In SSG IX (1990 – 1999,  n    =   88, localized or metastatic disease), 
chemotherapy consisted of four cycles of a VAI (vincristine, 
adriamycin, ifosfamide)/PAI (cisplatin, adriamycin, ifosfamide) 
combination. Local treatment with surgery and hyperfraction-
ated/accelerated radiotherapy was performed earlier, at week 9. 
Metastasis - free and sarcoma - related survival rates at 5 years for 
patients with localized disease were 58% and 70% respectively, 
with local recurrence rate of 10%  [138] .    

 In the ISGSSG - III and ISGSSG - IV trials (1999 - ongoing), 
multi - agent chemotherapy includes vincristine, adriamycin, 
actinoycin - D, cyclophosphamide in combination with etoposide 
and ifosfamide. Local treatment follows the principles from the 
SSG IX trial. Poor responders to neoadjuvant therapy in ISGSSG -
 III and all ISGSSG - IV patients are salvaged with high - dose chem-
otherapy (melphalan - busulfan) and stem cell support. Preliminary 
results seem promising but caution should be taken with the 
short follow up  [139] . 

 In Italy, prior to the previously described SSG - ISG coopera-
tion, the Rizzoli Institute conducted the REN - 3 clinical trial for 
patients with non - metastatic Ewing ’ s sarcoma (1991 – 1997, 
 n    =   157). 
   •      Induction chemotherapy consisted of two cycles of VAC (vin-
cristine, adriamycin, cyclophosphamide) alternated with one 
cycle of VIAc (vincristine, ifosfamide, actinomycin). After local 
treatment, patients received three more cycles of VAC, two of 
VIAc, three cycles of ifosfamide and etoposide and two cycles of 
vincristine, cyclophosphamide, and actinomycin.  
   •      The 5 - year EFS and OS rates were 71% and 76.5% respectively. 
These results were signifi cantly better than the ones achieved in 
the previous Italian studies, in which a three - drug VAC regimen 
(REA - 1), a four - drug VACAc regimen (REA - 2 and REN - 1) was 
used, and in REN - 2, which was based on a six - drug regimen as 
in REN - 3, but where ifosfamide and actinomycin were used only 
after local treatment  [140] .    

 The French Society of Pediatric Oncology (SFOP) conducted 
the EW - 88 study (1988 – 1991,  n    =   141) for patients with localized 
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and peripheral blood progenitor cell (PBPC) harvest as deter-
mined by the presence or absence of EWS - FLI1 transcript type.  

   US   t rials 
     •      In 1973, the fi rst Intergroup Ewing Sarcoma Study (IESS - 1) 
evaluated the effi cacy of VAC compared with VAC plus lung 
radiation therapy (RT) or VAC plus doxorubicin (D) in patients 
with localized disease. IESS - 1 showed that for patients with local-
ized disease, VAC alone provided a 24% 5 - year DFS, VAC plus 
lung RT a 44% DFS, and VAC plus D provided a 60% DFS  [147] . 
Besides the dramatic improvement in OS. IESS - 1 identifi ed large 
primary, and in particular, patients with pelvic tumors as having 
poorer survival.  
   •      The follow - up study, IESS - 2 was begun in 1978. Patients with 
pelvic tumors were treated in a separate stratum with VAC plus 
a higher dose of D. Localized, non - pelvic, patients in IESS - 2 were 
randomized to a doxorubicin dose that was moderate and con-
tinuous versus high dose and intermittent. Survival for those 
patients with large pelvic tumors was higher than in IESS - 2 com-
pared with IESS - 1; other studies have reproduced the success of 
these early studies  [146, 148] .  
   •      A further improvement in survival was reported by the addition 
of ifosfamide and etoposide to the three drug VDC regimen (vin-
cristine/doxorubicin - dactinomycin /cyclophospamide)  [149] .  
   •      Subsequently, the IESS compared a 30 - week dose intensive 
regimen of alkylators to the previous 48 - week regimen and 
showed no difference between therapeutic arms with results that 
have been presented but not published. The question asked in the 
most recently completed COG study is whether compression of 
the time between chemotherapy cycles to 2 weeks will improve 
DFS. Several of these studies are summarized in Table  15.6 .       

VAIA or VACA. HR patients ( ≥ 100   ml) were randomized to 
receive 14 courses of either VAIA or EVAIA (VAIA plus etopo-
side). Superiority of any randomized treatment strategy was not 
shown. The 5 - year EFS for SR patients was 63.4% and 67% for 
SR - VAIA and SR - VACA respectively ( P    =   0.9437). The 5 - year 
EFS for HR patients was 43.1% and 52.1% for HR - VAIA and 
HR - EVAIA respectively ( P    =   0.1220)  [146] . 

 In late 1999, the European Ewing Tumor Working Initiative of 
National Groups (Euro - EWING), the product of collaboration of 
several European study groups (GPOH, UKCCSG, SFOP, SIAK 
[Schweizerisches Institut f ü r Angewandte Krebsforschung] and 
EORTC - STBSG [European Organisation for Research and 
Treatment of Cancer  –  Soft Tissue and Bone Sarcoma Group]), 
has initiated the EURO - EWING - 99 study. All patients receive 
induction with six courses of vincristine, ifosfamide, doxoru-
bicin, and etoposide (VIDE), followed by consolidation therapy 
stratifi ed and randomized according to the initial tumor volume 
( < 200   ml or  > 200   ml), presence and site of metastatic disease at 
diagnosis and histologic response to induction therapy. Standard 
risk patients with good histologic response to VIDE are rand-
omized to receive vincristine, actinomycin - D and ifosfamide 
(VAI) or vincristine, actinomycin - D and cyclophosfamide 
(VAC). High risk patients with poor response to VIDE are rand-
omized to receive VAI or high - dose treatment with busulphan 
and melphalan and autologous stem cell support. In high - risk 
patients with initial lung metastases, VAI plus lung irradiation is 
compared with high - dose treatment. The study is ongoing. The 
main endpoints are to determine EFS, OS, and toxicity, to evalu-
ate the role of high - dose therapy in high - risk patients and to 
evaluate the prognostic value of EWS - FLI1 transcript type and 
the prognostic signifi cance of minimal disease in bone marrow 

  Table 15.6     ESFT  localized disease clinical trials. 

   Study     Type      n      Chemotherapy     F/U time 
(years)  

   EFS (%)     OS (%)     Intervention 
benefi cial  

  IESS  [149]     Multi    398    VACD vs 
 VACD/IE  

  5    54 
 69  

  61 
 72  

  Yes  

  IESS  [180]     Multi    483    30 week VDC/IE vs 
 48 week VDC/IE  

  5    70 
 72  

  80 
 78  

  No  

  Instituto Rizzoli  [180]     Single    44    VACD/IE    5    54    63    N/A  
  SFOP  [141]     Multi    141    Induction: C(150   mg/m 2 )/D 

 Maintenance: V/A plus C/D  
  5    58    66    N/A  

  CESS - 86  [146]     Multi    SR: 52 
 HR: 241  

  SR: VACD 
 HR: VAID  

  10    52 
 51  

      No  

  Instituto Rizzoli  [181]     Single    140    Induction: 2    ×    VDC, 1    ×    VAI. 
Maintenance: 5    ×    (3    ×    VDC, 2    ×    VAI); 
then 5    ×    (3    ×    EI, 2    ×    VAC)  

  3    78    84    N/A  

  UKCCSG  [182]     Multi    191    IVAD    5 
 10  

  67    69    N/A  

   F/U, follow up. EFS, event - free survival. OS, overall survival. SR, standard risk. HR, high risk. V, vincristine. A, actinomycin - D. C, cyclophosphamide. E, etoposide. 
D, doxorubicin. I, ifosfamide.   
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cell mobilization, and possibly stem cell handling. Some studies 
report a low incidence of contaminating tumor  [155] . A quantita-
tive method to estimate tumor cell contamination in stem cell 
preparations has the potential to clarify the role of contaminating 
cells in recurrent disease as well as for use in tumor cell purging 
strategies  [156] . 

 As suggested in earlier studies  [153] , the role of megatherapy 
with stem cell support for ESFT is best evaluated in the context 
of controlled clinical trials. As discussed previously, there is pres-
ently a randomized study, EURO - EWING 99, in which patients 
with pulmonary only metastases or bulky or unresectable primary 
tumors are randomized to chemotherapy versus megatherapy 
with stem cell support.  

  Prognostic  f actors 
 ESFT survival is highly dependent on the initial presentation and 
therefore potentially the biologic properties of the disease. 
   •      OS in patients with ESFT is 60%. However, for patients with 
localized disease it approaches 70%, while patients with meta-
static disease have less than a 25% likelihood of long - term 
survival.  
   •      Metastatic disease at diagnosis has been reproducibly the most 
signifi cant adverse prognostic factor in the treatment of patients 
with ESFT despite aggressive chemotherapy  [120] .  
   •      Patients who present with metastatic disease are now stratifi ed 
to different therapy from the time of diagnosis.    

 The prognostic factors which have been repeatedly evaluated 
in many clinical trials include age at diagnosis, sex, serum lactate 
dehydrogenase levels (LDH), size of tumor, location of tumor, 
and neural differentiation. Response to therapy as measured by 
amount of viable tumor present after induction chemotherapy 
cycles has been shown to be a predictor of outcome, however, not 
technically a prognostic factor  [141, 157] . More recently, and as 
discussed below, a number of biologic features of the tumors have 
begun to be evaluated as prognostic factors. 
   •      In early ESFT studies, the most reproducible prognostic factors 
in patients who present with localized disease include the tumor 
volume. In general, larger tumors (often axial) had a poorer 
prognosis and correlated with other poor prognostic factors. 
Aggressive, multi - agent chemotherapy as well as effective local 
management has somewhat reduced the prognostic value of such 
indices.  

   ESFT  with  m etastases at  p resentation 
 ESFT patients with disease metastatic at initial diagnosis have 
been identifi ed as having a poor outcome since early multiagent 
trials  [150] . 
   •      Patients with multiple sites of metastatic disease have the lowest 
survival rate  [1, 131] .  
   •      Patients with metastases confi ned to the lungs may represent a 
group of patients with better prognosis than patients with bone 
or bone marrow metastases.  
   •      Studies conducted of patients with metastatic disease are sum-
marized in Table  15.7 .      

 Early chemotherapy regimens included low dose regimens, 
such as oral cyclophosphamide 150   mg/m 2  for 7 days followed by 
doxorubicin alternating with vincristine, dactinomycin, and 
BCNU  [151, 52] . To improve survival, high dose regimens con-
sisting of vincristine/doxorubicin/cyclophosphamide and ifosfa-
mide/etoposide induction followed by total body irradiation/
melphalan or thiotepa/carboplatin have been employed  [153] . 
These studies have assured the feasibility of high dose regimens 
requiring stem cell support but also demonstrated signifi cant 
toxicity. They were driven by the hypothesis that the dose 
response to alkylator therapy for ESFT cells is very steep, and that, 
therefore, increasing the dose intensity of these agents would kill 
adequate ESFT cells to ensure patient survival. This is particularly 
true for melphalan and busulfan, where therapeutic dosing 
requires stem cell support. However, despite dose intensifi cation 
to megadose therapy followed by stem cell rescue, survival has 
not improved  [146, 153, 154] . It is equally unclear that addition 
of ifosfamide/etoposide is successful at curing more patients with 
metastatic disease than standard regimen with doxorubicin/
vincristine/cyclophosphamide/dactinomycin  [151, 153] . 

 More recently, poor prognosis patients were treated with mel-
phalan, busulfan, and thiotepa with or without total marrow 
irradiation in a pilot study using a tandem autologous stem cell 
rescue. This study, which included patients with recurrent disease 
who have historically had dismal survival, showed encouraging 
results, with a 36% 2 - year EFS  [152] . One possible mechanism 
for disease recurrence in the patients who have undergone autol-
ogous transplant could be the presence of tumor cells in the stem 
cell preparation  [153] . The actual incidence of ESFT tumor cells 
in pheresed stem cell preparations is likely based upon many 
factors including chemotherapy prior to harvest, method of stem 

  Table 15.7     ESFT  metastatic disease clinical trials, non - megatherapy. 

   Study     Type      n      Chemotherapy     Follow up time (years)     EFS (%)     OS (%)  

  IESS  [178]     Multi    121    VAC(1.2   g/m 2 )D vs 
 VAC(1.2   g/m 2 )D/I(9   g/m 2 )E  

  4    19    38  

  IESS  [179]     Multi    60    VAC(2.2   g/m 2 )D/I(14   g/m 2 )E    2    26    35  
  UKCCSG  [166]     Multi    42    IVAD    5    23      
  EICESS  [144]     Multi    171    IVAD + / − E (36 patients received  ‘ megatherapy ’ )    4    27      

   EFS, event - free survival. OS, overall survival. V, vincristine. A, actinomycin - D. C, cyclophosphamide. E, etoposide. D, doxorubicin. I, ifosfamide.   



Chapter 15 Bone Tumors

251

therapy increases toxicity but without improvement in outcome 
 [167] . MDR1 expression occurs in the context of ESFT, but the 
paucity of studies performed does not allow a clear relationship 
between MDR1 expression and response to be related to outcome 
 [168] .  

  Follow  u p and  l ate  e ffects 
 Toxicity is an important consideration in the therapy of ESFT 
since the doses of effective agents are pushed to the maximum 
tolerated dose. 
   •      Cumulative cardiotoxicity from doxorubicin may complicate 
therapy. In one small study, sarcoma patients randomized to 
receive the cardioprotectant dexrazoxane (ICRF - 187) tolerated 
higher doses of doxorubicin with less cardiotoxicity and no effect 
on disease outcome  [169] .  
   •      High dose intensity of alkylating agents can result in Fanconi ’ s 
syndrome of renal electrolyte wasting  [170] , and at the extreme 
may result in hypophosphataemic rickets  [171] .  
   •      Other side effects will occur based upon the toxicity profi les of 
the individual cytotoxic agents.    

 Patients treated for ESFT are at risk for the development of a 
second malignancy. The majority of second malignancies are 
acute myeloid leukemia, myelodysplastic syndrome, and sarco-
mas in the radiation fi eld  [149, 172, 173] . The overall likelihood 
of developing a second malignancy is approximately 2%, with 
most leukemias occurring within 3 years from diagnosis but can 
be as high as 11%  [149, 172, 173] . 

 Patients who have been successfully treated for ESFT over the 
past 15 years have received high doses of alkylator therapy, epipo-
dophyllotoxins, and anthracyclines; however, none of these has 
been dosage linked to second malignancy  [149, 172, 173] . The 
IESS trial that compared VDC with VDCIE showed no difference 
in second malignancies between therapeutic arms, suggesting 
that, in the dose and schedule employed, the addition of etoposide 
did not independently increase the risk of second malignancy 
 [149, 170] . On the other hand, it is notable that arm C of the 
Children ’ s Cancer Group/Pediatric Oncology Group intergroup 
study (POG 8850), designed for patients with disease metastatic at 
diagnosis, in which very high cumulative dosages of ifosfamide 
and cyclophosphamide were prescribed, also demonstrated a very 
high rate of induced leukemia  [173] . There may be a threshold or 
stepwise effect, with a low rate of induced leukemia with conven-
tional dosage treatment, but a much higher rate at the high cumu-
lative dosages prescribed in arm C. Radiation dosage is important 
to the rate of development of secondary cancers, with the vast 
majority of induced tumors being osteosarcomas  [149, 172, 173] . 

 Because of these studies, recommendations for radiation usage 
and dosage are being evaluated and modifi ed  [172, 173] . Patients 
who have received radiation therapy should be evaluated for 
sarcoma development in the radiation fi eld if symptoms arise 
since these second malignancies continue to occur more than 15 
years from diagnosis. In addition, since the risk of osteosarcoma 
was shown to rise after as little as 10   Gy, evaluation should not be 
limited to the irradiated bone  [172, 173] .  

   •      LDH has been reported as a prognostic factor. In particular, 
high LDH identifi es patients with a higher likelihood of metas-
tases  [158] , and later in therapy is useful as a predictor of recur-
rent disease  [159] . More recent studies evaluating LDH level have 
reported mixed fi ndings with regard to prognostic signifi cance 
 [141] .  
   •      Most studies show a trend to improved survival in those 
patients who present at a younger age (less than 10 or 15 years), 
but not all are in agreement here [141, 146] .    

 Many molecular markers have begun to be evaluated as prog-
nostic indicators in patients with ESFT. Among these include 
t(11;22) breakpoint regions, other chromosomal abnormalities, 
cell cycle/checkpoint genes and p - glycoprotein expression. 
   •      The t(11;22) in any individual patient fuses one of many 
observed combinations of exons together from EWS and FLI1 to 
form the fusion message.  
   •      The most common combination is the EWS exon 7 fused to 
FLI1 exon 6 (type 1 translocation), which occurs in approxi-
mately 50 – 64% of ESFT.  
   •      Retrospective analyses have shown that patients who have 
localized tumors with the 7/6 fusion have a 70% 4 - year survival 
while patients with the other variants had a 20% 4 - year survival 
 [148, 160, 161] .  
   •      Prospective studies are currently in progress to validate these 
fi ndings and to determine whether they could be used for 
stratifi cation.    

 Cell cycle and checkpoint genes have been evaluated as prog-
nostic markers in ESFT. While any specifi c checkpoint gene has 
been found mutated or deleted in small numbers of tumors, as a 
group these abnormalities are found in over 50% of ESFT (dis-
cussed previously). In patients with ESFT, 80% of p16INK4a 
mutations or deletions were found in patients with metastatic 
disease in one study  [162, 163] , while another study showed no 
difference in p16INK4a based upon extent of disease at presenta-
tion  [164] . Both studies showed that patients with p16INK4a 
abnormalities had a poor prognosis. The role of p16INK4a 
requires a prospective study to clarify whether this is a true inde-
pendent prognostic marker. 

 TP53 mutations are often identifi ed by overexpression as 
measured by increased immunoreactivity in tissues. There is rea-
sonable correlation between overexpression and true mutations 
of tp53. Overexpression of tp53 occurs in approximately 10% of 
patient ESFT samples  [165] . The presence of tp53 overexpression 
has been shown to independently identify patients with a poor 
prognosis in retrospective studies  [162, 165] . Like p16INK4a, 
prospective evaluation is required to determine if overexpression 
of tp53 can serve to stratify patients who will have a poor outcome 
with existing chemotherapeutic regimens. 

 As with osteosarcoma, pharmacological variables have been 
related to outcome for ESFT. Although an earlier study reported 
by Delephine  et al.   [166]  suggested a signifi cant relationship 
between received drug intensity for vincristine and actinomycin-
- D and both histological response and outcome for patients with 
Ewing ’ s sarcoma, increasing the dose - intensity  per se  of chemo-
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  Novel  t herapeutics and  f uture  d irections 
for  m anagement 
 New agents are needed to improve the survival of ESFT patients. 
A phase II trial of cyclophosphamide (250   mg/m 2 )/topotecan 
(0.75   mg/m 2 ) administered daily for 5 days induced complete or 
partial responses in six of 17 patients and stable disease in six 
additional patients with recurrent disease  [174] . In an up - front 
window study of newly diagnosed patients with ESFT metastatic 
at initial diagnosis, topotecan/cyclophosphamide showed 56% 
PR  [175] . 

 The tumor necrosis factor - related apoptosis - inducing ligand 
(TRAIL) can activate tumor necrosis factor modulated apoptotic 
pathways in ESFT  [176, 177] . TRAIL activated apoptosis occurs 
through caspase - 8 in ESFT and most ESFT cell lines express 
caspase - 8. Thus, TRAIL may represent a biologic approach to 
inducing apoptotic cell death in ESFT. 

 As with osteosarcoma, higher tumoral VEGF expression relates 
to a poorer progression - free and overall survival for patients with 
Ewing ’ s sarcoma, and the promising results obtained with specifi c 
VEGF - receptor blockade in the pre - clinical xenograft setting 
 [178]  is underpinning current early clinical studies with avastin 
in this disease setting. Moreover, clinical strategies that incorpo-
rate fenretinide, an agent that causes cell death via involvement 
of the reactive oxygen species - dependent pathway, especially in 
the setting of EWS - Fli - 1 activation, are in development  [179] . 

 Thus, as with osteosarcoma, it is hoped that incorporation of 
the agents of proven activity and these newer agents into front -
 line chemotherapy protocols will hopefully further improve the 
outcome of all ESFT patients.   
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   Introduction 

  Malignant  t umors 
 Primary malignant hepatic tumors are uncommon in children, 
representing about 1.3% of all pediatric cancer  [1] . After the fi rst 
few months of life (when various forms of liver hemangioma are 
common), malignant tumors are more common than benign  [2] . 
Because they are unusual, malignant liver tumors have only 
recently been studied in clinical trials (see below). 
   •      Ten distinct primary tumors and pseudotumors of the liver 
occur with some regularity, and a few others may be seen rarely, 
including leiomyosarcoma, rhabdoid tumor, and yolk sac tumor.  
   •      Five of these neoplasms  –  hepatoblastoma (HB), infantile 
hemangioma, mesenchymal hamartoma, undifferentiated (emb-
ryonal) sarcoma, and embryonal rhabdomyosarcoma of the 
biliary tree  –  are mainly seen in children  [3] .    

 There are two main types of malignant tumor (Table  16.1 ), 
those of epithelial origin, comprising HB and hepatocellular car-
cinoma (HCC), and the mesenchymal tumors, e.g. rhabdomy-
osarcoma and undifferentiated sarcoma  [4] . Epithelial liver 
malignancies are more common, and this chapter will focus 
mainly on HB and HCC.    

  Benign  l iver  m asses 
 The most common benign hepatic tumors in childhood are called 
hemangiomas. This term refers to at least three distinct tumors, 
with different biological behaviors  [5] . Other commonly seen 
benign tumors are: 
   •      Mesenchymal hamartoma.  
   •      Focal nodular hyperplasia.  
   •      Hepatic adenoma (almost exclusively a disease of older 
children).  
   •      Primary hepatic teratoma (exceedingly rare).    

 Imaging techniques such as ultrasound, computed tomogra-
phy (CT), and magnetic resonance imaging (MRI) are not always 
reliable in differentiating benign from malignant tumors. 

 The differential diagnosis of benign hepatic tumors includes 
non - neoplastic cystic masses (including choledochal and simple 
hepatic cysts), hematoma, parasitic cysts, and pyogenic and 
amebic liver abscesses  [6] .  

  The  n eonatal  p eriod 
 Primary liver tumors are very rare during the neonatal period; 
they are sometimes diagnosed by prenatal ultrasound  [7] . A 
precise diagnosis is sometimes problematic because of non - spe-
cifi c clinical symptoms, misleading imaging and diffi culties with 
histological interpretation. 
   •      Infantile hemangioma is typically multifocal or diffuse. It grows 
in the fi rst year of life, and then undergoes spontaneous regres-
sion. Treatment with corticosteroids, and more recently beta 
adrenergic receptor antagonists, is reserved for symptomatic 
patients. Further treatment with resection, embolization, or arte-
rial ligation may be necessary.  
   •      Rapidly - involuting congenital hemangiomas are usually soli-
tary, and rarely require treatment.  
   •      Mesenchymal hamartoma is usually mostly cystic, and should 
be resected whenever possible.  
   •      Benign teratomas should be resected and if at all possible in the 
fi rst 2 months of life before they can become malignant. Malignant 
choriocarcinomas should respond to chemotherapy and be ame-
nable to delayed surgery  [8] .  
   •      Malignant hepatoblastoma may occur in the newborn, and 
should be treated with chemotherapy to achieve resectability.      

  Historical  p erspective 

 Liver cancer was initially thought to be the unique domain of 
the surgeon. It was only in the 1980s, when cisplatin became 
known through its remarkable cure rate in testicular cancer, that 
doctors discovered that liver tumors in children could also be 
reduced in size by chemotherapy. It is the combination treatment 
of chemotherapy and surgery which has seen an extraordinary 
change in the outlook for children with HB over the last few 
decades. Nevertheless cure is only rarely achieved without ulti-
mate complete resection  –  including, where necessary, liver 
transplantation. 
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and these associations were statistically signifi cant. The only sig-
nifi cant paternal exposure was to metals.    

 In contrast, the incidence of HCC varies around the world, 
depending mostly on the prevalence of hepatitis B (HBV) and 
more recently hepatitis C (HCV), which are both known to be 
predisposing factors. In Europe, data on 849 children diagnosed 
with malignant hepatic tumors (International Classifi cation of 
Childhood Cancer, Group VII) before the age of 15 years during 
1978 – 1997 were extracted from the ACCIS database with the fol-
lowing fi ndings  [10] . 
   •      Age - standardized incidence during 1988 – 1997 was 1.5 per 
million overall, 1.2 per million for HB and 0.2 per million for 
HCC.  
   •      Over 90% of cases of HB occurred before age 5 years, whereas 
HCC had a fairly fl at age distribution.  
   •      Both tumors had an incidence in boys of 1.5 – 1.6 times those in 
girls.  
   •      There were no signifi cant time trends in incidence during 
1978 – 1997.    

 In a population - based survey carried out in the UK  [11]  the 
incidence of malignant hepatic tumors in children from 1957 to 
1986, was 1.20 per million person years and for HB was 0.77. In 
this study a congenital defect or related disorder was found in 
21% of patients with a malignant liver tumor. The results suggest 
that HB is related to maldevelopment, whereas HCC is more 
usually a complication of metabolic and other disorders, which 
lead to cirrhosis. 

 Other national studies of the epidemiology of HB and HCC 
help defi ne time trends and etiology. In a study of primary malig-
nant hepatic tumors in children in the USA, the incidence of HB 
appears to have increased from 0.6 to 1.2 per million and HCC 
decreased from 0.45 to 0.29 per million from the 1970s to the 
1990s  [12] . The incidence of HB appears to be increasing slightly 
into the 2000s  [13] . 

 In South Africa there is a high incidence of HCC in children 
compared with the western world, but the link to HBV infection 
is not so clear. In a study of 194 children aged between 0 and 14 
years with a malignant primary hepatic tumor between 1988 and 
2003 in South Africa  [14] , there were 57% HB, 35% HCC, 5% 
sarcomas and 2% Burkitt ’ s lymphoma. The incidence was 1.066 
malignant liver tumors per year per 10 million children aged  < 14 
years. Two thirds of the patients with HCC were positive for 
HBsAg and almost all were black. The mean age of onset was 1.47 
years for HB and 10.48 years for HCC. AFP was raised in 100% 
of HB patients and 69% of those with HCC.  

  Hepatoblastoma and  i nherited  c onditions 
   

 In HCC, chemotherapy has made little impact on survival and 
other strategies are being tried to increase the resection rate and 
decrease the recurrence rate. 

 The diagnosis is made by a combination of imaging, the serum 
tumor marker alpha - fetoprotein (AFP) and histopathology. Up 
to the 1980s, surgical resection was the mainstay of treatment and 
only patients with a resectable malignant tumor at diagnosis 
stood a chance of cure. Ultrasound (US) and MRI give a clear 
idea of the operability of the tumor at diagnosis. 

 There is a debate over initial surgery for resectable disease. The 
North Americans and associates still advocate primary surgery. 
Most of the rest of the world now treat with pre - operative chemo-
therapy, delayed surgery and post - operative chemotherapy.  

  Epidemiology 

  General  c onsiderations 
 The annual incidence of HB is approximately one per million 
children under the age of 15. HB presents mainly under the age 
of 5 years, with a median age of around 18 months. 
   •      The incidence of HB is thought to be fairly constant 
worldwide.  
   •      The major improvement in prognosis for children with HB has 
been achieved through worldwide collaboration in clinical trials. 
This type of collaboration is an example of how the treatment for 
rare diseases can be improved. In HB the 5 - year overall survival 
rate has improved from 30 to 70%, and is over 80% for the major-
ity of children who present with standard risk disease.  
   •      No signifi cant geographical variations have been found; those 
that exist are likely due to the different methods of registration. 
This would imply that environmental factors are not of great 
importance. In a case - control study of 75 children with HB in Los 
Angeles  [9] , case mothers were more likely to report occupational 
exposure to metals, petroleum products and paints or pigments, 

  Table 16.1    Differential diagnosis for liver tumors of childhood. 

  Malignant  
  Hepatoblastoma  
  Hepatocellular carcinoma  
  Undifferentiated (embryonal) sarcoma  
  Lymphoma  
  Rhabdomyosarcoma (biliary tract)  
  Germ - cell tumors  
  Rhabdoid tumors  
  Angiosarcoma  

  Benign  
  Vascular tumors (e.g. infantile hemangioma)  
  Mesenchmal hamartoma  
  Focal nodular hyperplasia  
  Hepatocellular adenoma  

   Predisposition overgrowth syndromes are known to have an 
increased incidence of hepatoblastoma in young children. 
Abdominal ultrasound screening every 3 – 4 months until the age 
of 7 years is advised 
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 There has, however, been an extraordinary reduction in the 
incidence of this disease following the introduction of mass vac-
cination programs. The most remarkable of these was initiated in 
Taiwan. 
   •      In the early 1980s, 15 – 20% of the population of Taiwan were 
estimated to be HBV carriers. A program of mass vaccination 
against hepatitis B was therefore launched in 1984. In the fi rst 2 
years, newborns of all hepatitis B surface antigen (HBsAg) -
 positive mothers were vaccinated. From 1986, all newborns, and 
then year - by - year pre - school children, primary school children, 
adolescents, young adults, and others have also been 
vaccinated.  
   •      Vaccination coverage is over 90% for newborns, with 79% of 
pregnant women screened for HBsAg. The proportion of babies 
born to highly infectious carrier mothers who also became carri-
ers, decreased from 86 – 96% to 12 – 14%; the decrease was from 
10 – 12% to 3 – 4% for babies of less infectious mothers.  
   •      Between 1989 and 1993, the prevalence of HBsAg in children 
aged 6 years fell from 10.5% to 1.7%.    

 The average annual incidence of HCC in children aged 6 – 14 
years decreased signifi cantly from 7 per million in 1981 – 1986 to 
3.6 per million in 1990 – 1994. The incidence is now 1.3 – 2 per 
million  [26] . The mass vaccination program has been highly 
effective in controlling chronic HBV infection and in preventing 
liver cancer in Taiwan. If a coverage rate of 90% of all newborns 
vaccinated against HBV can be maintained, by the year 2010 the 
carrier rate in Taiwan is expected to decline to  < 0.1%  [27 – 30] . 

 Following on from this success and that of China many coun-
tries are seeing the incidence of HCC decrease as the vaccinated 
population increases  [23, 31 – 33] . In Alaska there are HCC 
screening programs, with twice yearly serum AFP monitoring in 
chronically HBV - infected individuals  [34] . The program in 
Alaska has meant that 60% are detected early enough to be oper-
able  [23] . HBV vaccination is particularly relevant in sub - Saharan 
Africa where HCC is the most frequent malignancy in adult males 
 [31]  and where in both adults and children it carries a particularly 
poor prognosis due to a combination of co - morbidity and lack 
of resources  [35] . 

 HCC can occur in a child as young as 8 months following verti-
cal transmission of HBV  [36] . The child ’ s serum and the tumor 
are usually positive for HBsAg  [37] . 

 HCV has recently become the cause of 75% of adult HCC in 
Japan. Treatment of HCV carriers with interferon reduces the 
incidence of HCC in this population  [38] . Nationwide screening 
for HBV and HCV began in Japan in 2002. Primary liver cancer 
is the fi rst human cancer largely amenable to prevention using 

 Most cases of HB are sporadic but there are clear associations 
with some familial conditions (Table  16.2 ). In the overgrowth 
syndromes, such as Beckwith - Weidemann syndrome and hemi-
hypertrophy, screening for HB is advised with 3 monthly abdom-
inal US until the age of 7 years  [15] . Screening could be considered 
in children from families with familial adenomatous polyposis, 
who are also at increased risk of developing HB  [16] .  

  Hepatoblastoma and  l ow  b irth  w eight 
 The association between HB and low birth weight was fi rst noted 
by Ikeda  et al.   [17]  and later confi rmed by others. The role of 
possible treatment - related and other factors in premature infants 
weighing less than 1500   g has been examined in case - control 
studies  [18 – 20] . There is no reason to believe that the outcome 
in congenital hepatoblastoma is worse than at an older age. 
Careful electrolyte and renal function monitoring and age -  and 
weight - adapted chemotherapy dosing should be used  [21] . 
Normal AFP levels are higher in infants  [22] .    

  Hepatocellular  c arcinoma 
 In some countries HCC is the third most common cause of death 
from cancer in adults. Because it is so rare in children there have 
been no specifi c pediatric trials until very recently (SIOPEL 5), 
and patients have often been treated with protocols designed for 
HB (e.g. SIOPEL 1 and INT - 0098). Unfortunately, less than 30% 
are resectable at diagnosis. A small response to chemotherapy has 
been noted but the survival rate has remained about 20 – 30%.  

  Hepatic  t umors and the  l ink with  h epatitis and the 
 s uccess of  v accination 
 The incidence of HCC is high in areas with endemic HBV infec-
tion. This is particularly true in Asia and Africa but also in the 
Inuit populations of Canada and Alaska  [23] . The link between 
HCC in children and vertical transmission of HBV was made in 
the 1980s  [24]  and led to a pilot trial of universal immunization 
of newborns in an endemic area of rural China in 1983  [25] .    

  Table 16.2    Constitutional genetic syndromes leading to hepatoblastoma. 

   Disease     Chromosome location     Gene  

  Familial adenomatous 
polyposis  

  5q21.22     APC   

  Beckwith - Wiedemann 
Syndrome  

  11p15.5    P57KiP2,Wnt,others  

  Li - Fraumeni syndrome    17p13     TP53 , others  
  Trisomy 18    18     –   
  Glycogen storage 

diseases types I - IV  
  Several     –   

 (Adapted from Meuller BU, Lopez - Terrada D, Finegold MJ. Tumors of the liver. 
In: Pizzo PA, Poplack DG (Eds), Principles and Practices of Pediatric Oncology, 
5th edn. Baltimore: Lippincott, Williams and Wilkins, 2005; permission pending.) 

   Since the introduction of mass hepatitis B vaccination programs 
in certain parts of the world the incidence of hepatocellular 
carcinoma has dramatically decreased. The most striking 
example of this has been in Taiwan 
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   •      Patients in an advanced stage present with anorexia, fatigue, 
abdominal pain, and fever  [44] .  
   •      It is helpful to watch the movement of the liver with the natural 
respirations of the child to show that the tumor is not arising 
from the kidneys or adrenal glands. This is usually made easy with 
US  [45] .  
   •      Most children have normal liver function and are not 
jaundiced.  
   •      Thrombocytosis is common. Infants with hepatomegaly from 
infection will usually be less well and febrile and may have a low 
platelet count.  
   •      HB is usually localized to the liver, but when it does metastasize 
it is to the lung and only rarely to bone marrow, bone, or the 
brain.     

  Hepatocellular  c arcinoma 
 HCC presents later than HB, the mean age in children being 10 
years. Most patients present with an abdominal mass and the 
following clinical characteristics can occur: 
   •      The tumor may be large and may cause obstructive jaundice.  
   •      In a Nigerian study  [46]  patients presented relatively late: 80% 
had weight loss, 50% had splenomegaly and 33% were 
jaundiced.  
   •      Enzymatic liver function, however, is usually normal.  
   •      Metastases are most frequently to the lung but are not uncom-
monly seen in bone.      

  Investigations and  s taging 

  Imaging 
 Accurate imaging is of prime importance for diagnosis and man-
agement  [47] . The primary tumor must be assessed accurately, 
and metastatic disease detected when it exists. The best modalities 
for local extension are US, combined with CT or MRI (Figure 
 16.1 ), or occasionally both. Thoracic CT is mandatory to assess 
for pulmonary metastases. Skeletal scintigraphy (nuclear medi-
cine bone scan) may be appropriate in children with HCC, but 
not HB where false - positive scans are apparently common  [47] .    

  Serum  a lpha -  f etoprotein 
 In most cases of both HB and HCC serum AFP is raised above 
normal levels for age. More recently a category of high - risk 
patients with HB and a low serum AFP ( < 100   ng/ml) has been 
recognized  [48] . Some of these tumors appear to be extrarenal 
rhabdoid tumors  [49] . In view of the young age at diagnosis of 
most HB patients it is important to compare AFP values carefully 
with normal values seen in the fi rst weeks and months of life. In 
one study mean serum AFP levels were 41   687   ng/ml in 256 term 
babies and 158   125   ng/ml in 90 premature babies born before the 
37th gestational week, excluding samples from children with 
factors known to be associated with AFP elevation. In the fi rst 
4 weeks of life, AFP levels decreased by 50% in 5.1 days in 
term babies. Between days 180 and 720 of life, AFP levels up to 

hepatitis B vaccines and screening of blood and blood products 
for hepatitis B and C viruses  [39] .  

  Hepatic  t umors and  m etabolic  d isorders 
   

  Table 16.3    Constitutional genetic syndromes leading to hepatocellular 
carcinoma. 

   Disease     Chromosome     Gene  

  Familial adenomatous 
polyposis  

  5q21.22     APC   

  Glycogen storage 
diseases types I - IV  

  Several     –   

  Hereditary tyrosinemia    15q23 – 25     FAH   
  Alagille syndrome    20p12     JAG1   
  Other familial 

cholestatic syndromes  
  18q21 – 22,2q24     ABCB11 , others  

  Neurofi bromatosis    17q11.2     NF1   
  Ataxia telangiectasia    11q22 – 23     ATM   
  Fanconi anemia    1q42, 3p, 20q13.2 – 13.3, others     FANCC , others  

 (Adapted from Meuller BU, Lopez - Terrada D, Finegold MJ. Tumors of the liver. 
In: Pizzo PA, Poplack DG (Eds), Principles and Practices of Pediatric Oncology, 
5th edn. Baltimore: Lippincott, Williams and Wilkins, 2005; permission pending.) 

   Hepatitis B and certain rare familial metabolic disorders such as 
tyrosinemia and progressive familial intrahepatic cholestasis 
predispose to hepatocellular carcinoma 

 Many inherited diseases affect the liver. They can be considered 
primary (when the injury is from the cytopathic effect of an 
accumulated metabolite) or secondary (e.g. an infection caused 
by an immune defi ciency). These disorders can lead to both 
benign and malignant neoplasms, of which HCC is the most 
common  [40] . Most children with HCC, however, do not have 
cirrhosis.  

  Hepatic  t umors and  s econd  m alignancy 
 HCC has been reported to occur as a second malignancy follow-
ing treatment with high - dose chemotherapy and irradiation  [41] , 
after acute lymphoblastic leukemia  [42]  and following HCV 
infection contracted during the treatment of childhood cancer 
 [43] . (Table  16.3 )     

  Clinical  p resentation 

  Hepatoblastoma 
 The infant or young child almost invariably presents with an 
abdominal mass, which can usually be shown on palpation to 
arise from the liver. 
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 The system has needed refi nements and for practical purposes 
clearer defi nitions to keep abreast of the great improvements in 
surgical techniques and imaging since it was originally conceived 
(Figure  16.2 )  [52] . In the 2005 revision the extent of liver involve-
ment is graded from PRETEXT I to PRETEXT IV, and additional 
criteria are used to describe other potential risk factors for poor 
outcome (Table  16.5 ).   

 In children with HCC without cirrhosis, which is the majority, 
the PRETEXT staging can be applied because liver function is 
normal. In contrast, in adults with HCC the function of the liver 
is included in the predictive staging system.  

  Predictive  s taging  s ystems for  HCC  in  a dults 
 There are a variety of predictive staging systems for HCC in use 
in adults. These are:  ‘ Milan ’ ,  ‘ BCLC - Barcelona Clinic Liver 
Cancer ’   [53] ,  ‘ CLIP - Cancer of the Italian Liver Program ’ ,  ‘ JIS -  
Japanese Integrated System ’ ,  ‘ TNM ’ ,  ‘ Okuda ’ , as well as the origi-
nal  ‘ Childs - Pugh ’  system  [54] . They all include some form of 
functional assessment of the liver which can restrict the indica-
tions for surgery and transplantation.   

  Recommendations for  b iopsy 
 The necessity for a biopsy in presumed HB is still controversial. 
The diagnosis of a solitary HB can, at the age of 6 months to 3 
years, be confi dently made on clinical, laboratory, and imaging 
fi ndings alone. Rare exceptions do exist but since pre - operative 
chemotherapy is standard treatment most oncologists and a 
number of clinical trials require a fi rm diagnosis before com-
mencing. Treating a benign or a different tumor with chemo-
therapy could be considered a serious error. 

 A laparoscopic or  ‘ open ’  surgical biopsy is considered prefer-
able by some, but the SIOPEL group currently recommends 
image - guided coaxial plugged needle biopsy (obtaining numer-
ous cores), which appears to give equivalent results. Although 

87   ng/ml were within the 95.5% interval (assumed logarithmic 
normal distribution). By the age of 2 years the infants in this study 
still had not reached adult serum AFP levels (0 – 6   ng/ml)  [50] .  

  Staging  s ystems 
  The Children ’ s Oncology Group  s taging of  h epatoblastoma 
 This staging system includes treatment (resection) as one impor-
tant criterion (Table  16.4 ).    

   PRETEXT  
 To compare results of different trials it is best to use a system 
which does not include any treatment variables. The TNM system 
avoids this pitfall but is not very suitable for HB since lymph 
nodes (N) at least in hepatoblastoma do not feature prominently 
or affect the prognosis, and there is no clear correlation between 
size (T) and outcome. 

 The PRETEXT (PRETreatment EXTent of disease) system was 
developed specifi cally for primary liver tumors. It is based on 
Couinaud ’ s system of segmentation of the liver (Figure  16.2 ), 
because this best predicts the possibility of liver resection. The 
PRETEXT system was adopted by the SIOPEL group and found 
to be of prognostic signifi cance when the results of the fi rst 
SIOPEL trial were analyzed  [51] .   

a b

     Figure 16.1     Cross - sectional imaging of 
hepatoblastoma. (a), Coronal magnetic resonance 
image of the abdomen shows a large heterogeneous 
liver tumor (arrows) arising from the right lobe. 
(b), Computed tomography shows a lung metastasis 
(arrow).  

  Table 16.4    Classic staging. 

  Stage I    No metastatic disease, tumor completely resected  
  Stage II    No metastatic disease, microscopic residual disease after 

resection of tumor, or tumor rupture (including tumor 
spill at the time of surgery)  

  Stage III    No distant metastases, tumor unresectable or resected 
with gross residual disease, or lymph node metastases  

  Stage IV    Distant metastases, irrespective of local extent of tumor  
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(a) (b)

(c)

(e)

(d)

(f)

     Figure 16.2     Couinaud ’ s system of segmentation of the liver and PRETEXT grouping. (a), Exploded anterior view of the segmental anatomy of the liver. Couinaud ’ s 
segments 2 to 8 are labeled. The umbilical portion of the left portal vein (LPV) separates the left medial section from the left lateral section. RPV, right portal vein. RHV, 
right hepatic vein. MHV, middle hepatic vein. LHV, left hepatic vein. (b), Transverse section of the liver showing the planes of the major venous structures used to assign 
a patient to a PRETEXT group. The hepatic and portal veins defi ne the sections of the liver (segment numerals in parentheses). This schematic diagram shows how the 
RHV and MHV indicate the borders of the right posterior (RPS) and right anterior (RAS) sections and the left medial section (LMS). Note that the LPV actually lies caudal 
to the confl uence of the hepatic veins and is not usually seen in the same transverse image. LLS, left lateral section. (c), PRETEXT I. This type is relatively unusual as liver 
tumors tend to be large at the time of presentation. (d), The most common form of PRETEXT II is a tumor arising in the right lobe of the liver. (e), The most common form 
of PRETEXT III is a large solitary mass. (f), Multifocal PRETEXT IV.  (From Roebuck DJ, Aronson D, Clapuyt P, et al. 2005 PRETEXT: a revised staging system for primary 
malignant liver tumors of childhood developed by the SIOPEL group. Pediatr Radiol 2007; 37: 123 – 32.)   
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fi ne needle aspiration cytology (FNA) can be used, it is not 
accepted by most clinical trials. 

 Either surgical or needle biopsy may provide pre - treatment 
tumor tissue for biological studies. A protocol for the examina-
tion of hepatoblastoma tissue specimens has recently been pub-
lished  [55] .   

  Histopathology and  c ytogenetics 

  Hepatoblastoma 
 The currently used histological classifi cation is still based on 
morphology. However, with more results from clinical trials it 
will become necessary to elaborate the system and also to include 
biological criteria to allow for more refi ned treatment 
stratifi cation. 
   •      The present system is based on the epithelial components of 
hepatoblastoma (Table  16.6 ) although mesenchymal elements 
usually co - exist. The mesenchymal component may resemble 
osteoid. Hepatoblastomas arise from a precursor to the mature 
hepatocyte and therefore display many histological patterns  [56] .  
   •      The small cell undifferentiated type is said to have a poor prog-
nosis and the fetal type a good prognosis. The fetal type is reported 
in smaller series and only the  ‘ pure fetal ’  subtype has an excellent 
prognosis and requires no chemotherapy. Only patients with 
completely resected tumors at diagnosis can fall into this 
category.      

 Aqcuired genetic changes in HB most commonly involve chro-
mosome 20 or 8, sometimes in conjunction with complex struc-
tural changes and often in association with double - minute 
chromosomes  [57 – 59] . Some changes are thought to be associ-
ated with poor outcome. 
   •      The translocation t(1:4)(q12;q34) has been described in asso-
ciation with a trisomy in patients with high - risk HB.  
   •      Amplifi cation at 8q11.2 - q13 (at the level for the  PLAG1  gene) 
has been found in poor prognosis HB, which could implicate 
insulin - like growth factor 2 (IGF2) in the pathogenesis of HB 
 [60] .  
   •      Loss of heterozygosity at chromosome 11p15 is shared with 
other tumors including Wilms ’  tumor and rhabdomyosarcoma.  

  Table 16.5    2005  PRETEXT  revision: summary of signifi cant changes from the original  PRETEXT  system. 

        Original PRETEXT     2005 PRETEXT  

  Involvement of segment 1 (caudate lobe) (C)    Segment 1 not considered    All tumors involving segment 1 are at least PRETEXT II 
by defi nition, involvement also coded as C1  

  Extrahepatic abdominal disease (E)    E+ included direct extension and 
abdominal lymph node involvement  

  Lymph node metastases not included  

  Metastatic disease (M)    M+ included distant lymph node metastasis    Lymph node metastases not included  
  Lymph node metastases (N)    Included in E+ and/or M+    Considered separately (N1, N2)  
  Tumour focality (F)    Not considered    Multifocal tumor   =   F1  
  Tumour rupture (H)    Not considered    Tumour rupture   =   H1  

  Table 16.6    Histopathological types of hepatoblastoma. 

  Embryonal  
  Relatively undifferentiated  –  primitive tubules formed by small epithelial cells 

with minimal cytoplasm are very similar to the liver of 6 – 8 week embryos.  

  Fetal  
  Relatively differentiated resembling mature hepatocytes  –  cords of uniform 

neoplastic hepatocytes smaller than normal cells of the fetal liver with a 
higher nuclear to cytoplasmic ratio.  

  Anaplastic  
  Small cell undifferentiated (SCUD)  –  these can be intermingled with epithelial 

tubules or form discrete nodules. These cells may be more resistant to 
chemotherapy. The small foci may be missed in small biopsies.  

  Macrotrabecular  
  Resembling hepatocellular carcinoma  –  when hepatoblastoma cells with either 

fetal or embryonal cytology grow in trabeculae of 20 – 100 or more cells rather 
than in the 2 – 4 - cell thick cords of the fetal liver.  

  Mixed  
  This type contains diverse histological features. There may be nests of 

keratinizing squamous epithelium, or zones of elongated spindle cells having 
the cross striations of rhabdomyoblasts or contain clusters of hematopoietic 
cells as in normal fetal liver.  

   •      Several studies have shown involvement of beta - catenin, which 
in tumors is localized in the nucleus whereas it is on the plasma 
membrane in normal hepatocytes. Mutation of  CTNNB1 , the 
beta - catenin gene, occurs in up to 48% of HBs  [61] , and this is 
associated with more aggressive tumors  [62] .     

  Hepatocellular  c arcinoma 
 Classifi cation of HCC is based on the World Health Organization 
system, which includes four histological patterns and four cyto-
logical variants. There are three or four grades according to the 
degree of differentiation. The fi broamellar variant, which is etio-
logically and biologically distinct, occurs more commonly in ado-
lescents and adults  [63] . There is also a transitional type, recently 
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 In a chapter of this type it is not possible to go into the details, 
advances, and intricacies of surgical techniques. The resection 
techniques are similar to those used in adults (Figure  16.3 ). 
Depending on the preferences of the surgeon and the given ana-
tomical conditions, either the hepatic veins are ligated and 
divided fi rst, extrahepatically, followed by dissection and ligation 
of the hilar vessels and biliary structures of the corresponding 
part of the liver to be resected or vice versa. The parenchyma is 
divided using any of various techniques (Table  16.7 ).   

 Exposure of the liver and its ligaments is usually somewhat 
easier in young children, so that thoraco - abdominal incisions are 
rarely necessary. Vascular occlusion techniques, either total or 
partial, have been used more frequently in children. Resection 
techniques used range from fi nger fracture (Ton That Tung), 
US dissection, water jet dissection, laser beam hemostasis, and 
ligation of vessels, both centripetal and centrifugal (Lortat 
Jacob)  [67] .  

  Surgical  m argins and  m icroscopic  r esidual  d isease 
 Traditionally, a line of resection leaving a margin of healthy tissue 
of one to two centimetres has been recommended to minimize 
local recurrence (empirically and from retrospective studies). 

 It is now clear that a smaller margin is sometimes quite ade-
quate in chemosensitive tumors which have  ‘ shrunk ’  before 
surgery. SIOPEL and others have shown that even with evidence 
of microscopic residual disease (as determined by examination of 
the resected specimen), local recurrence rarely occurs after pre-
operative chemotherapy  [68] .  

  Post -  o perative  m onitoring  a fter  r esection 
 The functional reserve of the liver is extensive, and regeneration 
effective, so that up to four - fi fths can be resected without serious 
side effects. Nevertheless careful monitoring of important func-
tional metabolic parameters, e.g. prothrombin time, glucose, and 
biliribin are necessary in the early post - operative phase. Post -
 operative chemotherapy does not interfere to any great extent 
with wound healing or regeneration, and it is therefore advised 
to restart chemotherapy 10 to 15 days after surgery or liver trans-
plant if there are no post - operative complications.   

  Liver  t ransplantation 
  Hepatoblastoma 
 Liver transplantation is the most radical form of resection possi-
ble. The shortage of cadaver livers has in the past prevented more 
widespread use of this method in malignant disease. Living donor 
transplantation has to a large extent alleviated this problem. The 
risk involved to the healthy donor has been shown to be minimal. 

 Preliminary results in children transplanted for unresect-
able HB are surprisingly good so that this option can now be 

described by Zimmermann ’ s group, which is histologically inter-
mediate between HB and HCC  [64] .   

  Principles for the  t reatment of  h epatic  t umors 

  Hepatoblastoma 
   

   The SIOPEL strategy differs to the COG strategy in that it 
advocates preoperative chemotherapy for all patients, whereas 
COG use primary surgery for PRETEXT I and some PRETEXT 
II disease 

 Historically, two different approaches have been practised. In 
North America, primary surgery is still advocated, partly infl u-
enced by the fact that trials there began before the benefi ts of 
pre - operative chemotherapy were fully appreciated. In Europe, 
apart from Germany, most institutions advocate and practise 
neo - adjuvant therapy. It should be said that most surgeons now 
appreciate the advantages of pre - operative chemotherapy, not 
only because about 40% of tumors are unresectable at diagnosis 
and about half of these can be converted to become resectable, 
but also because the margins become clearer and the risk of intra -
 operative bleeding decreases.  

  Hepatocellular  c arcinoma 
 In HCC the situation is somewhat different, and primary surgery 
is the rule when feasible. Again many are unresectable at diagno-
sis, often due to the presence of multiple lesions as well as the 
size.  

  Surgery 
 As already stated both HB and HCC require surgical resection for 
cure. In general, only the standard anatomical resections are 
oncologically sound in surgery for malignant tumors (Figure 
 16.3 ). 
   •      These are based on the classical eight segments described by 
Couinaud  [65] .  
   •      The terms right and left lobectomy should be discarded in 
surgical descriptions. Right and left hepatectomy is more appro-
priate; also, extended right hepatectomy (right tri - segmentec-
tomy) or extended left hepatectomy (left tri - segmentectomy).      

 Where liver function is normal and there is no underlying 
hepatic disorder, most children with a resectable tumor on 
imaging can be considered candidates for surgery. Radical resec-
tion can be obtained either conventionally by partial hepatectomy 
or with orthotopic liver transplant, but the surgical approach to 
hepatoblastoma differs considerably across the world. Good sur-
vival rates in hepatoblastoma patients who have received a 
primary transplant after a good response to chemotherapy 
support the strategy of avoiding partial hepatectomy in cases 
where radical resection appears diffi cult and doubtful  [66] . 

  Surgical  t echniques 
   

   Surgery remains the mainstay of treatment for all liver tumors 
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recommended in particular for chemosensitive tumors with an 
otherwise fatal outcome. 

 In multifocal (and solitary) HB invading all four liver sectors, 
and in centrally located tumors with close proximity to the major 
veins, the SIOPEL - 1 study and an extensive review of the world 
experience have shown that primary transplantation provides a 

7

(a)

8

6
5

4

2

3

7

(b)

8

6
5

4

2

3

7

(c)

8

6
5

4

2

3

7

(e)

8

6
5

4

2

3

7

(d)

8

6
5

4

2

3

     Figure 16.3     Options for partial hepatectomy. (a), Left lateral sectionectomy. (b), Left hemihepatectomy. (c), Right hemihepatectomy. (d), Extended left 
hemihepatectomy. (e), Extended right hemihepatectomy.  (From Czauderna P, Otte JB, Roebuck DJ, et al. Surgical treatment of hepatoblastoma in children. 
Pediatr Radiol 2006; 36: 187 – 91.)   

long - term disease - free survival rate of about 80%. These children 
should be treated only in specialized centers  [69, 70] .  

  Hepatocellular  c arcinoma 
 The optimum selection criteria for liver transplant in HCC have 
still to be determined. However, patients with a good response to 
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  Summary of  m ajor  fi  ndings of  s uccessive  c ooperative 
 g roup  s tudies in  h epatoblastoma     
 The cooperative studies which have been carried out over the past 
two decades in various parts of the world have clearly shown that 
cisplatin combination chemotherapy together with surgery pro-
vides the best treatment outcome for HB. These studies have also 
revealed a number of prognostic factors in HB Tables (17.7 – 17.10).  

  Summary of  m ajor  fi  ndings of  s uccessive  c ooperative 
 g roup  s tudies in  h epatocellular  c arcinoma     
 The fi rst study of the SIOPEL group (SIOPEL 1)  [85]  and the 
Intergroup Hepatoma Study (INT - 0098)  [84]  included patients 
with HCC as well as HB. In SIOPEL 1 HCC was often advanced 
at the time of diagnosis; metastases were identifi ed in 31% of the 
children and extrahepatic tumor extension, vascular invasion, or 

chemotherapy who are in metastatic remission should not be 
refused liver transplant with a living donor.   

  Regional  t herapy 
 The dual blood supply of the liver from hepatic arteries and the 
portal vein makes hepatic tumors particularly suitable for arterial 
chemoembolization. The main indication in children has been as 
a bridge to transplantation, although unresectable tumors or 
recurrence may be successfully treated in this way  [71] . An alter-
native technique, radioembolization with yttrium - 90 micro-
spheres, has been used in a few children. Both these techniques 
have a signifi cant incidence of complications, and require equip-
ment and expertise that is not available in all children ’ s cancer 
centers. Other local therapies (e.g. percutaneous ethanol injection 
and radiofrequency ablation) are rarely used in children.  

  Table 16.7    Major fi ndings for successive North American trials for treatment of hepatoblastoma. 

   Study     Strategy     Patients ( n )     Chemotherapy     Stage     Outcome     References  

  CCSG 
 1976 – 78  

  Primary surgery    62    Vincristine 
 Cyclophosphamide 
 5FU 
 Doxorubicin  

      3 - year OS 30%     [72]   

  CCSG - 823F 
 1986 – 89  

  Primary surgery    47    Cisplatin 
 Doxorubicin  

      2 - year EFS 66.6%     [73]   

  POG 8697 
 1986 – 89  

  Primary surgery    60    Cisplatin 
 Vincristine 
 5FU  

  I(UH) and II 
 III 
 IV  

  3 - year DFS 91%   +    − 9.2% 
 67%   +    − 10.8% 
 12.55%   +    – 11.75%  

   [74]   

  INT - 0098 
 Intergroup Hepatoma Study 
 1989 – 92  

  Primary surgery    173    Cisplatin 
 Vincristine 
 5FU vs 
 Cisplatin 
 Doxorubicin  

      3 year OS 71% 
 3 year EFS 63%  

   [75]   

  P9645 
 Liver Tumor Study  

  Primary surgery    53    Cisplatin Vincristine 
 5FU vs    Stage III  &  IV  

  1 year EFS 57%     [76]   

  56    Cisplatin Carboplatin    1 year EFS 37%  

   OS, overall survival. EFS, event - free survival. DFS, disease - free survival.   

  Table 16.8    Major fi ndings for successive German trials for treatment of hepatoblastoma. 

   Study     Strategy     Patients ( n )     Chemotherapy     Stage     Outcome     References  

  CGP - HB89 
 1988 – 1993  

  Primary surgery    72    Ifosfamide 
 Cisplatin 
 Doxorubicin  

  I 
 II 
 III 
 IV  

  DFS 75% median FU 64 months 
 100% 
 50% 
 71% 
 29%  

   [77]   

  CGP - HB94    Primary surgery    48    Ifosfamide 
 Cisplatin 
 Doxorubicin  

  Standard risk  

  Overall survival Median follow up 
58 months 77%  

   [78]   

  18    Etoposide Carboplatin    Advanced or recurrent     [79]   
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  Table 16.9    Major fi ndings for successive  SIOPEL  trials for treatment of hepatoblastoma. 

   Study     Strategy     Patients 
 ( n )  

   Chemotherapy     PRETEXT     Outcome     References  

  SIOPEL 1 
 1990 – 94  

  Primary 
 chemotherapy  *    

  154    Cisplatin 
 Doxorubicin  

  I 
 II 
 III 
 IV 
 and 

 metastases  

  3   y OS 79% 
 3   y EFS 67% 
 3   y EFS by PRETEXT 
 100% 
 83% 
 59% 
 44% 
 28% 
   

   [80]  
  [81]   

  SIOPEL 2 
 1995 – 98  

  Primary chemotherapy    Standard risk 77    Cisplatin        3   y OS 91% 
 PFS 89%  

   [82]   

  High risk 58    Alternating cisplatin, carboplatin/doxorubicin    3   y OS 53% 
 PFS 48%  

    *    PRETEXT I were eligible for primary surgery    >    OS, overall survival. EFS, event - free survival. PFS, progression - free survival.   

  Table 16.10    Major fi ndings for successive Japanese trials for treatment of hepatoblastoma. 

   Study  [83]      Strategy     Patients ( n )     Chemotherapy     Stage     Outcome  

  JPLT - 1 
 1991 – 1999  

  Mixed    145   HB    Cisplatin 
 THP 
 Adriamycin    I 

 II  
  III A 
 III B 
 IV  

  3/6 year OS 
 77.8%/73.4% 
 100%/100% 
 100%/95.7% 
 76.6%/73.8% 
 50.3%/50.3% 
 64.8%/38.9%  

   THP,tetrahydropyranil. OS, overall survival.   

  Table 16.11    Major fi ndings of both North American and  SIOPEL  trials in hepatocellular carcinoma. 

   Study     Strategy     Patients 
 ( n )  

   Chemotherapy     Outcome     References  

  INT - 0098 Intergroup 
Hepatoma Study 1989 – 92  

  Primary surgery    46    Cisplatin Vincristine 5FU vs Cisplatin Doxorubicin    5   y EFS overall 19%     [84]   

  SIOPEL 1 1990 – 94    Primary chemotherapy    40    Cisplatin Doxorubicin    5   y OS 28% 
 EFS 17%  

   [85]   

   OS, overall survival. EFS, event - free survival.   

both in 39%. Multifocal tumors were common (56%). Thirty -
 three per cent of tumors were associated with cirrhosis. Partial 
response to pre - operative cisplatin and doxorubicin (PLADO) 
chemotherapy was observed in 49% and complete tumor resec-
tion was achieved in 36%. Overall survival (OS) at 5 years was 
28% and event - free survival (EFS) 17%. 

 In INT - 0098 46 patients with HCC were enrolled and rand-
omized to treatment with either cisplatin (CDDP), vincristine, 

and fl uorouracil (regimen A) or CDDP and continuous - infusion 
doxorubicin (regimen B). For the entire cohort, the 5 - year EFS 
estimate was 19% with no difference between regimen A and B. 

 Outcome was considerably worse in both studies for HCC 
compared with HB. 

 The current SIOPEL 5 trial, specifi cally designed for HCC, 
retained PLADO chemotherapy with the addition of thalidomide 
as an anti - angiogenic agent.  
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requires monitoring of the effects of the tumor and potential 
recurrence as well as the side effects of the treatment  [87] . If liver 
transplant has been required then the follow up of the trans-
planted liver is the key component of continuing care. 

  Monitoring for  r ecurrence 
   

  Early  c omplications of  t reatment 
 The main complications are due to chemotherapy. In settings 
where full in - patient supportive care is not available, the mortal-
ity from intensive chemotherapy is still prohibitive. Fortunately, 
this is less of a risk when cisplatin is used as a single agent. This 
is why in resource - challenged nations cisplatin monotherapy for 
HB is being encouraged as a fi rst - line therapy. Surgical morbidity 
has reduced with improved techniques and with the introduction 
of delayed surgery after pre - operative chemotherapy. 

 It has been claimed that complications of surgery for hepato-
blastoma are not greater in primary surgery than in delayed post -
 chemotherapy surgery. This may apply to surgeons working in 
highly specialized liver surgery centers but in international trials 
the standard varies widely..   

  Determinants of  p rognosis 

 The 5 - year survival from HB diagnosed during the period 1988 –
 1997 was 63% overall, and ranged from 52% in Eastern Europe 
to 84% in the North. Survival from HCC was much lower (37%). 
Between 1978 and 1982 and 1993 and 1997, 5 - year survival 
increased from 28% (95% confi dence interval [95% CI] 18 – 39) 
to 66% (95% CI 55 – 74) for HB and from 17% (95% CI 6 – 33) to 
50% (95% CI 26 – 70) for HCC. These increases refl ect the impact 
of advances in treatment of childhood liver cancer at a population 
level  [10] . For hepatoblastoma, a number of clinical trials have 
identifi ed the following prognostic associations: 
   •      Tumour resectability is the most important prognostic factor. 
This is refl ected by stage III/IV or PRETEXT IV; involvement of 
hepatic veins or portal veins being poor prognostic factors.  
   •      The presence of metastatic disease  [51, 86] .  
   •      Low AFP, as noted above.    
   

   Most hepatoblastomas are standard risk; high risk is defi ned as 
one of the following: metastases, PRETEXT IV involvement of 
the main portal vein or both its branches or all three hepatic 
veins, or serum AFP less than 100   ng/ml 

 In hepatocellular carcinoma the maximum diameter and 
number of nodules in the liver is also important as a determinant 
of prognosis, as an indicator of tumor resectability.  

  Strategies for  f ollow  u p and  o verview of 
 i mportant  l ate  e ffects 

 Treatment for liver tumors relies on a combination of chemo-
therapy, surgery, and sometimes immunotherapy. In the case of 
HCC, antiangiogenic drug therapy may also be added. Follow up 

   Three - monthly monitoring of serum AFP and imaging, with US 
of the liver and chest radiography, is advisable for the fi rst 3 
years after stopping treatment 

 In the fi rst year after stopping treatment regular monitoring of 
the serum tumor marker AFP, US of the liver and plain radio-
graphs of the chest will be suffi cient. If a patient is on a clinical 
trial then it is necessary to monitor according to the frequency 
requested in the trial. If the patient is not on a trial then 
3 - monthly follow up in the fi rst year is probably adequate. It 
is wise, however, to follow the serum AFP more regularly until 
at least two consecutive normal values have been obtained. 
The rebound phenomenon, which occurs in the remaining liver 
in the weeks after surgery, can cause a rise in serum AFP. In 
general the serum AFP does not exceed 100   ng/ml after surgery 
unless tumor is still present. However, the serum AFP may 
not normalize for a number of weeks or even months after 
surgery. The trend should be towards normalization at 3 months 
post - surgery. 

 In the second and third year after stopping treatment monitor-
ing can be less frequent. However, in a number of clinical trials 
3 - monthly serum AFP monitoring and imaging is maintained. In 
hepatoblastoma the likelihood of relapse after 3 years of follow 
up is less than 5%. In hepatocellular carcinoma this is less certain. 
Monitoring for recurrence up to 5 years is probably advisable in 
all patients.  

  Monitoring for  s ide -  e ffects of  s urgery 
 Side - effects of surgical resection are usually apparent early on in 
the post - operative period. These are commonly problems of 
bleeding or infection.  

  Monitoring for  r ejection and the  s ide  e ffects of  l iver 
 t ransplant  i mmunotherapy 
 Rejection and virally - induced lymphoproliferative disease (LPD) 
are the main concerns. The incidence of LPD varies according to 
the series and the type of immunotherapy used. Very close moni-
toring of patients post - transplant with early intervention should 
reduce this risk  [88] .  

  Monitoring for  s ide -  e ffects of  c hemotherapy 
 This is clearly related to the type, administration, and total cumu-
lative dose of the chemotherapy administered. 
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starting chemotherapy and will also be the case for many patients 
with hepatocellular carcinoma who are older and more co - oper-
ative at the time of diagnosis.  

  Carboplatin 
   

  Cisplatin 
 This is the most effective agent for the treatment of liver tumors 
but unfortunately carries a high risk of permanent renal and 
ototoxicity.    

   Monitor GFR, serum magnesium, and hearing 

 The renal toxicity has been relatively well controlled in liver 
tumor trials by reducing the total cumulative dose and by ensur-
ing adequate chloride load in the administration fl uid and a high 
rate of fl uid throughput before and after the cisplatin infusion. 
Cisplatin toxicity affects both the glomerular fi ltration rate (GFR) 
and the tubular re - uptake of magnesium. 
   •      The GFR following cisplatin treatment can, in young children, 
recover slightly within the fi rst 2 years after stopping treatment 
 [89] . This is not the case after treatment with ifosfamide when 
the GFR is likely to deteriorate further in the fi rst year after stop-
ping treatment.  
   •      However, the proximal tubular function refl ected by serum 
magnesium does not behave in the same way and can further 
deteriorate a number of years later. The simplest way of measur-
ing the re - uptake of magnesium is by monitoring serum magne-
sium in a child who has not taken any magnesium supplements 
for a week.    

 Ototoxicity is bilateral and permanent and refl ects the damage 
to the outer hair - cells of the cochlea. Although this does not 
improve with time there is slightly confl icting data in the litera-
ture on this, probably due to the fact that obtaining good audi-
ometry in young children is diffi cult and concomitant middle ear 
infection or serous otitis media must be ruled out every time a 
child is tested. In North America, hearing is assessed according 
to the ASHA criteria. In Europe and many parts of the world 
cisplatin ototoxicity is graded by the Brock criteria. The Brock 
grading was designed for children receiving cisplatin chemother-
apy for malignancy and assumed that baseline behavioral audi-
ometry would be diffi cult to obtain accurately in a sick young 
child. 
   •      The system assumes normal hearing at the time of starting 
treatment and allows for comparison of results between patients 
at the end or after the end of treatment when the child is well 
enough to cooperate with full pure - tone audiometry.  
   •      The Brock grade correlates well with functional outcome 
although when grade 0 (minimal) is measured high - frequency 
hearing loss at the 30   dB range at 8000   Hz cannot be excluded. 
Therefore it is important when using the Brock grading not to 
assume that grade 0 equates to normal hearing  [90] .    

 The Germans have developed their own grading: again, 
however, this is a comparative system measuring hearing loss 
compared with baseline. It does, however, work well in older 
patients who can undergo baseline hearing testing prior to start-
ing cisplatin chemotherapy. This is the case in most patients with 
medulloblastoma who get their surgery and radiotherapy prior to 

   Monitor GFR, serum magnesium, and hearing 

 Carboplatin is less organ toxic than cisplatin. However, in com-
bination with cisplatin it can give increased overall toxicity par-
ticularly to the ear. A number of treatment protocols for liver 
tumors advocate combined treatment and therefore toxicity 
monitoring in this situation is particularly important. In certain 
treatment protocols, at relapse or in high risk disease, high - dose 
carboplatin followed by peripheral blood stem cell rescue is used. 
High - dose carboplatin is in itself organ toxic and the follow up 
should then become similar to that of cisplatin  [91] .  

  Doxorubicin 
   

   Monitor cardiac function 

 Anthracyclines cause irreversible cardiomyocyte damage, and this 
is particularly serious in young children. If severe, compensatory 
ventricular hypertrophy will develop. The most important prog-
nostic echocardiogram is that done at the end or 6 weeks after 
the end of treatment. However, life - long monitoring of cardiac 
function is advised for all patients who have received anthracy-
clines. Even if the echocardiogram is within normal limits this 
should be repeated every 5 years as a precaution, because early 
treatment of potential cardiac failure can be effective  [92]   

  Vincristine 
   

   Monitor peripheral neuropathy 

 The neurotoxicity caused by vincristine is combined mesenteric 
and peripheral limb neurotoxicity. Vincristine can cause central 
nervous system toxicity but this is short term and will not present 
a problem at follow up if it has not been an issue during treat-
ment. The constipation caused by the mesenteric toxicity is also 
mainly short term and needs to be actively counteracted during 
treatment. Normal bowel movements should be present again in 
the fi rst few months after stopping treatment. The peripheral 
limb neuropathy, however, can take months to normalize. Most 
patients are not aware of their pathology until they realize that 
their mobility and balance has improved and are pleasantly sur-
prised by their improved co - ordination and success in sport. 
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and lungs has improved the survival for HB worldwide. The 
introduction of combined chemotherapy and surgery has also 
improved the outcome in HCC, but to a much lesser degree. 

  Hepatoblastoma 
 Strategies for maintaining effi cacy but reducing the long - term 
toxicity of cisplatin need to be sought. One such approach is the 
introduction of the chemoprotectant sodium thiosulfate  [95 – 97]  
in a randomized clinical trial for standard risk hepatoblastoma 
(SIOPEL 6). Alternative platinum agents have not yet been found 
to be as effective; however, future agents might be. Alternative 
chemotherapy needs to be tested in both animal xenograft models 
and then in clinical trials. Because of the small numbers of relaps-
ing patients worldwide collaboration will be necessary in order 
for this to be successful. In resource - challenged nations the use 
of cisplatin should be pursued. It is possible to give cisplatin in 
different ways  –  even in an outpatient setting in split doses, if this 
is the only resource available.  

  Hepatocellular  c arcinoma 
 Vaccination strategies for hepatitis B need to be sustained in areas 
where they have been successful and introduced in any areas 
where they are not yet completely distributed. In the future, 
endemic hepatitis B - related HCC should be eradicated. However, 
hepatitis C - related disease is more of a challenge. Treatment of 
hepatitis C carriers with interferon should be encouraged. 
Ultrasound screening programs for carriers of hepatitis C should 
reduce the mortality of HCC through early diagnosis of operable 
tumors. Enlarging the guidelines for liver transplant in this 
disease and the increasing experience in living - related liver trans-
plant may also improve outcome.   
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   Introduction 

 Germ cell tumors (GCTs) comprise a rare and heterogeneous 
group of tumors with benign and malignant (MGCT) subtypes. 
They occur at many different anatomical sites from birth to ado-
lescence and adulthood. The earliest record of a GCT is linked to 
an inscription on a Babylonian tablet from 625 to 539 BC and 
they have continued to fascinate researchers throughout history 
 [1] . Teratomas, in particular, have attracted colourful descrip-
tions by virtue of their tendency to contain mature somatic tissue 
such as hair and teeth. The fi rst formal recognition of these 
tumors is attributed to LeBlanc, a veterinarian who removed a 
 ‘ kyste dermoid ’  from the base of a horse ’ s skull in 1831  [2] . It 
wasn ’ t until Rudolf Virchow ’ s fi rst edition  Die Krankhaften 
Geschw ü lste  (The Pathological Tumors ) in 1863 that the term 
teratoma was coined from the Greek  teras - atos  meaning monster 
and   – oma  denoting tumor  [3] . 

 The malignant tumors were initially described histopathologi-
cally according to the tissues in which they arise, resulting in the 
eponymous descriptions that are still used today. For instance, 
Schiller initially described the glomerulus - like structures within 
ovarian yolk - sac tumors  [4] , but misattributed this feature to a 
variety of tumors until Teilum linked this to the endodermal 
sinus of Duval seen in the rat placenta  [5] . Histologically, the 
Schiller - Duval body is a pathognomonic feature of yolk - sac 
tumors (otherwise known as orchidoblastoma, endodermal sinus 
tumor, yolk sac carcinoma or Telium ’ s tumor). However, the 
 ‘ germ cell ’  origin of these tumors was not recognized until the 
1960s  [6] , something that was initially viewed with great scepti-
cism other than for seminoma (testicular germinoma) due to the 
multiple histologies and sites included in the classifi cation  [7] . 

 GCTs are thought to arise from a common progenitor cell, the 
primordial germ cell (PGC) and are therefore totipotent, able to 
develop into any tissue along the three embryologic layers (meso-
derm, ectoderm, and endoderm) as well as extraembryonic tissue 
(e.g. placenta). The result is a wide spectrum of tumors with 
diverse presentations, clinical behaviour, and response to therapy. 

   •      GCT range from mature and immature teratoma to four dif-
ferent malignant subtypes (Figure  17.1 ), although more than one 
subtype can arise within the same tumor.  
   •      Despite this heterogeneity, it has been possible to apply com-
parable surgical and chemotherapeutic strategies across the range 
of malignant extracranial tumor types.  
   •      Treatment for intracranial tumors has evolved separately, com-
binations of chemotherapy and radiotherapy dominating modern 
treatment, with a limited role for surgery.      

 Prior to the introduction of platinum - based agents, survival of 
children with MGCTs was poor with event - free survival (EFS) 
 < 50%, despite combination chemotherapy  [8] . The introduction 
of the  ‘ Einhorn regimen ’  of cisPlatin in combination with 
Vinblastine and Bleomycin (PVB) in adult testicular MGCTs at 
Indiana University, USA, in 1974 was a turning point. [9] . This 
led to alternative combinations, of which Bleomycin, Etoposide 
and cisPlatin (BEP) led to an EFS approaching 78% for patients 
with greater than stage I disease  [10] . When adapted for treat-
ment of GCTs in children, BEP improved childhood survival 
rates from 47% to 89%  [11] . These and similar platinum - based 
combinations of chemotherapy form the backbone of treatment 
of malignant GCTs to this day.  

  Abbreviations  c ommonly  u sed in  d escriptions of 
 g erm  c ell  t umors     

  17 Germ Cell Tumors  

  James     Nicholson 1     and    Roger     Palmer 2   
   1    Addenbrooke ’ s Hospital, Cambridge, UK and        2    MRC Cancer Cell Unit, Cambridge, UK       

  GCT    Germ cell tumor  
  MGCT    Malignant germ cell tumor  
  TGCT    Testicular germ cell tumor  
  SCT    Sacrococcygeal teratoma  
  CNS GCT    Central nervous system (intracranial) germ 

cell tumor  
  NGGCT    Non - germinomatous germ cell tumor  
  PGC    Primordial germ cell  
  YST    Yolk sac tumor (endodermal sinus tumor)  
  CHC    Choriocarcinoma  
  EC    Embryonal carcinoma  
  MT    Mature teratoma  
  IT    Immature teratoma  
  AFP    Alpha - fetoprotein  
  HCG or  β  - HCG    (Beta) human chorionic gonadotrophin  
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the most common histology. They are rare in mid - childhood but 
the incidence rises again in adolescence, when seminomas (ger-
minomas) and mixed malignant histologies predominate. Boys 
with testicular abnormalities, which range from dysgenetic 
gonads to maldescent, have a four -  to 10 - fold increase in the risk 
of malignancy in both ipsilateral and contralateral testis  [18] .   

 The incidence of ovarian germ cell tumors is very low before 
the age of 5 years and increases gradually to a peak in the early 
teens. Dysgerminomas and teratomas are more common than 
yolk sac tumors, whilst other malignant histologies are extremely 
rare. Bilateral ovarian GCTs, which are more likely in XY gonadal 
dysgenesis  [19] , are seen in about 5 – 10% of cases, and 10% of 
girls with MGCTs of the  ‘ ovary ’  turn out to have an intersex state, 
with 2 – 3% having gonadoblastoma. Overall, childhood ovarian 
GCTs are reported to be 50% more frequent in the USA  [20] , 
whilst the rates across Europe are roughly equivalent to those 
reported in the UK  [15] . The cause for this is unclear.  

  Extragonadal  t umors 
 The incidence of extragonadal tumors varies with age and gender. 
They account for approximately 50% of all GCTs in childhood 
(Figure  17.3 ) but contribute only 5% of adult GCTs  [7] . This may 
result from the increased propensity of mis - sited tissue to undergo 
malignant change and therefore become clinically evident at a 
younger age, as seen with undescended testes  [21] , or may refl ect 
biological differences between pediatric and adult GCTs. 
   •      They almost always arise in the midline, the central nervous 
system (CNS) and sacrococcygeal sites being the most common, 
each accounting for approximately 20% of all GCTs. Quoted 
incidences vary, with some reports suggesting up to 35% of all 
GCTs occurring in the coccyx, perhaps refl ecting differences in 
reporting teratomas internationally  [15, 17] .  
   •      Sacrococcygeal tumors are commoner in girls (3:1) and the 
majority present antenatally or in the neonatal period, occurring 
in 1:35 – 45 000 live births  [22, 23] , whilst intracranial and medi-

  Epidemiology and  b iology 

  Epidemiology of  g erm  c ell  t umors 
 Malignant germ cell tumors account for 3 – 5% of childhood 
cancers and have an annual incidence of around 3 – 5 per million, 
under the age of 15 years  [12] . 
   •      There is some geographical variation with MGCTs being more 
common in the USA and Japan and less frequent in the Middle 
East, particularly Egypt  [13] .  
   •      Genetic factors play a part with children of Japanese and South -
 east Asian descent at greatest risk  [14] , and black American males 
are considerably less likely to develop MGCTs than their white 
or female counterparts. In the UK 30 – 40 children are diagnosed 
with MGCTs each year and there is a slight female preponderance 
(0.87M:1F)  [15] .    

 Table  17.1  describes inherited syndromes associated with the 
development of GCTs.   

 There is a bimodal age distribution with a peak in incidence 
during infancy and early childhood, before the incidence drops 
to  < 0.1 per 100 000, when GCTs arise more frequently in girls 
than in boys (Figure  17.2 ). The annual incidence then increases 
during adolescence to 35 per million (male) and 25 per million 
(female) by the late teens. Accurate estimation of the incidence 
of all GCTs is confounded by the variable reporting of teratomas 
to registries and the inconsistency with which they are accorded 
malignant status, but the incidence of teratomas is thought to be 
at least equivalent to their malignant counterparts  [16] .   

  Gonadal  t umors 
 Approximately 50% of all GCTs in childhood are gonadal (Figure 
 17.3 ) and, of these, testicular MGCTs are slightly more common 
than ovarian MGCTs  [12, 17] , although the precise ratio will 
depend on the age range studied. Testicular tumors occur pre-
dominantly in the fi rst few years of life, with yolk sac tumor being 
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     Figure 17.1     Germ cell tumor classifi cation, based upon site (germinomatous tumors are histologically identical and termed seminomas if arising in the testis; 
dysgerminomas in the ovary and germinomas  per se  if extragonadal) and degree of primordial germ cell differentiation at time of deregulated growth.  
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  Table 17.1    Syndromes and clinical associations with germ cell tumors. 

   Syndrome     Characteristics     Chromosome or gene     Risk  *       Link to OMIM  †    

  Swyer Syndrome    Streak gonads, gonadoblastoma    XY gonadal dysgenesis    DG     http://www.ncbi.nlm.nih.gov/entrez/
dispomim.cgi?id=306100   

  Klinefelter ’ s syndrome    Hypogonadism, tall stature, language 
delay, gynaecomastia  

  XXY    ME     http://www.ncbi.nlm.nih.gov/entrez/
dispomim.cgi?id=273300   

  Fraser syndrome    Renal agenesis, cryptophthalmos, 
cryptorchidism, male syndactyly  

  4q21 ( FRAS1 ) or 13q13.3 
( FREM2 )  

  Gonadal GCT     http://www.ncbi.nlm.nih.gov/entrez/
dispomim.cgi?id=219000   

  Turner syndrome    Short stature, streak gonad, aortic 
coarctation, horseshoe kidney  

  XO or mosaicism    DG    N/A  

  Russell - Silver syndrome 
(males only)  

  Dwarfi sm, triangular facies, learning 
diffi culties  

  7p11.2 ( GRB10 ) imprinting 
defect of 11p15 ( H19, 
IGF2 ) ?17q23 - q24  

  SE     http://www.ncbi.nlm.nih.gov/entrez/
dispomim.cgi?id=180860   

  Schinzel - Giedion Syndrome    Midface retraction, coarse facies, skeletal 
abnormalities, mental retardation  

  ?    Malignant SCT     http://www.ncbi.nlm.nih.gov/entrez/
dispomim.cgi?id=269150   

  Down ’ s syndrome    Dysmorphic features, CAVSD, mental 
retardation  

  Trisomy 21    Germinoma     http://www.ncbi.nlm.nih.gov/entrez/
dispomim.cgi?id=190685   

  Ataxia telangiectasia    Cerebellar ataxia, telangiectasia, immune 
defects, predisposition to malignancy  

  11q22.3 
  ATM   

  Ovarian GCT     http://www.ncbi.nlm.nih.gov/entrez/
dispomim.cgi?id=208900   

  Cowden disease    Multiple hamartomas (esp. skin, mucous 
membranes, breast  &  thyroid)  

  10q23.31, 10q22.3 
  PTEN   

  TGCT     http://www.ncbi.nlm.nih.gov/entrez/
dispomim.cgi?id=158350   

  Currarino syndrome    Sacral agenesis    7q36 
  MNX1   

  SCT     http://www.ncbi.nlm.nih.gov/entrez/
dispomim.cgi?id=176450   

   General associations   
  Cryptorchidism    Undescended or maldescended testes    19p13.2, 13q13.1 

  INSL3 ,  RXFP2   
  TGCT     http://www.ncbi.nlm.nih.gov/entrez/

dispomim.cgi?id=219050   
   –     Monozygotic twins    N/A    SCT     http://www.ncbi.nlm.nih.gov/entrez/

dispomim.cgi?id=276410   
  Pyloric stenosis    Vomiting, FTT, hypochloremic 

hypokalaemic metabolic alkalosis  
  12q24.2 - q24.31 
  NOS1   

  4x ↑  GCT     http://www.ncbi.nlm.nih.gov/entrez/
dispomim.cgi?id=179010   

    *    ME, mediastinal GCT, SE - seminoma. DG, dysgerminoma. TGCT, testicular germ cell tumor. SCT, sacrococcygeal teratoma. CAVSD, complete atrio - ventricular septal 
defect (endocardial cushion defect). FTT, failure to thrive.      †    Online Mendelian Inheritance in Man:  http://www.ncbi.nlm.nih.gov/sites/entrez?db=omim    
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     Figure 17.2     Age - related incidence by site of 
origin for 1548 malignant germ cell tumors enrolled 
onto the German MAKEI and MAHO trials (with kind 
permission of Dr G.Calaminus).  



Part III Solid Tumors of Childhood

278

astinal tumors are more common in boys (1.4:1) and occur in 
later childhood and adolescence.  
   •      Mediastinal tumors account for approximately 7% of all GCTs, 
and retroperitoneal tumors for around 4%.    

 The overall incidence of childhood GCTs has been rising  [24, 
25] . This is mainly due to increases in CNS GCTs and gonadal 
tumors of late adolescence, but the cause for this is unclear and 
cannot be explained by the increasing incidence of cryptorchidism 
alone  [26] .   

  Histological  s ubtypes of  g erm  c ell  t umors 
 The number of histological types included under the umbrella of 
GCTs is a frequent source of confusion. These are listed in Table 
 17.2  and can be separated into: 
   •      Germinomatous or seminomatous tumors (seminoma if tes-
ticular, dysgerminoma if ovarian, germinoma  per se  if extrago-
nadal) and  
   •      Non - germinomatous (NGGCT) or non - seminomatous tumors 
(including teratomas, embryonal carcinomas, yolk sac tumors, 
choriocarcinoma and polyembryona).  
   •      Where the tumor is composed of more than one GCT histol-
ogy, it is termed a mixed MGCT. Malignant teratoma now refers 
to teratoma containing malignant non - GCT components (e.g. 
primitive neuroectodermal tumor [PNET], neuroblastoma, 
squamous cell carcinoma).      

 Previously, the term malignant teratoma was used to describe 
a MGCT element admixed with teratoma, whilst teratocarcinoma 
described embryonal carcinoma admixed with teratoma, and 

Central nervous system 20–25%

Mediastinum 5–7%

Ovary 25–30%
(bilateral in 7%)

Testis 20–25%

Coccyx 15–20%

Other 5–10%
(inc. retroperitoneum,

thyroid, vagina, uterus, 
prostate)      Figure 17.3     Site of origin for germ cell tumors in 

childhood.  

  Table 17.2    Histological classifi cation of pediatric germ cell tumors ,  modifi ed 
from Dehner p. 282 – 312  [128]    typically used in most countries at present.   

   Type     Histology     Subtypes  

  1    Germinoma       a     Intratubular  
  b     Invasive     

  2    Teratoma       a     Mature  
  b     Immature  

  Grade 1     Immature tissue  < 1 low power( × 4) 
Field (LPF)/slide  

  Grade 2     Immature tissue 1 – 3 LPF/slide  
  Grade 3     Immature tissue  ≥ 4 LPF/slide     +/ − 

microfoci of probable yolk - sac 
tumor  –  Heifetz lesion  [31]     

  c     Malignant teratoma (teratoma with non germ 
cell malignant component)     

  3    Embryonal 
carcinoma  

    

  4    Yolk - sac tumor      
  5    Choriocarcinoma      
  6    Gonadoblastoma      
  7    Mixed MGCT    Mixed malignant germ cell tumor (each GCT 

component listed)  

mixed MGCT two or more MGCT elements (irrespective of the 
presence of teratoma). 

 Morphologically resembling the extra - embryonic yolk sac, 
yolk - sac tumors (YSTs) constitute the single largest histological 
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subtype observed in pediatric GCTs. Typically composed of small 
pale cells with scant cytoplasm and oval nuclei, YSTs form a loose 
network of channels lines with microcysts and sparsely populated 
with the pathognomonic Schiller - Duval bodies in 75% of cases 
 [27] . Periodic acid - Schiff (PAS) positive hyaline droplets are 
present in almost all YSTs, but in themselves are not diagnostic. 
Immunohistochemically, almost all YSTs stain positive for alpha -
 fetoprotein (AFP) and the cytokeratin, whilst placental alkaline 
phosphatase (PLAP) can be positive or negative, and they are 
typically negative for CD30 (Table  17.3 ).   

 Germinomas are morphologically identical to adult semino-
mas, composed of sheets of large polygonal cells with abundant 
cytoplasm, separated by fi brous bands, and typically with a strik-
ing lymphocytic reaction  [28] . These tumors express PLAP and 
CD117 (c - KIT), and occasionally human chorionic gonado-
trophin (HCG) from sparsely positioned syncytiotrophoblastic 
cells. New immunostains for Nanog, OCT - 4, AP - 2 γ , and D2 - 40 
have greatly assisted in the diagnosis  [29] . 

 Whilst rare in the pediatric age range, embryonal carcinomas 
(EC) form large epithelioid cells with prominent nucleoli. 
Syncytiotrophoblastic cells may also be sparsely present, permit-
ting modest elevations in HCG, and weakly positive immunos-
tains. Histological discrimination of these cells is usually possible 
since they are strongly CD30 positive, unlike germinomas 
(Table  17.3 ). Of exceptional rarity is the EC variant polyembry-
ona, where the EC cells arrange into embryoid bodies that bear 
some resemblance to early embryos, positive for both AFP and 
HCG. 

 Choriocarcinoma, uncommon in childhood, comprises mono-
nuclear multinucleated syncytiotrophoblastic and cytotrophob-
lastic cells which resemble chorionic villi, and appear to be highly 
invasive associated with extensive haemorrhage. They secrete 
abundant HCG. 

 Finally, gonadoblastoma is a benign but pre - malignant mixed 
stromal and GCT associated with dysgenetic gonads. It appears 
to arise only in the presence of the Y - chromosome, possibly as a 
result of  TSPY  expression, and whilst typically (if left untreated) 
these may develop into germinoma, non - germinoma and ITGCN 
(if testicular) is also possible. 

  Table 17.3    Immunohistochemistry of germ cell tumors. 

   Histology     EMA     PLAP     L - CK     AFP      β  - HCG     GPC3     Nanog     OCT - 4     D2 - 40     AP - 2 γ      Sox2     c - Kit     CD30  

  Teratoma     − /(+)     −     +     − /+  *       −      −      −      −     ?     − /+    +    +    +  
  Embryonal carcinoma     −     +/ −     +     − /(+)     − /(+)     −     +    +     − /(+)    +/ −     +     − /+    +/( − )  
  Yolk - sac tumor     −     +/ −     +    +     −     +     −      −      −      −      −      −      −   
  Choriocarcinoma     −     +/ −     +     −     +    +/ −      −      −      −     ?    ?     −      −   
  Germinoma     −     +     − /(+)     −      − /+   †        −     +    +    +    +     −     +/ −      − /(+)  

    *    Immature enteral tissue can express alpha - fetoprotein.       †     Syncytiotrophoblastic cells giant cells can express  ß  - HCG.  
  Icons occurring fi rst indicate the predominant staining pattern   +   or  − , whilst icons in parentheses indicate that immunostaining is rarely and/or very weekly (+) or ( − ). 
EMA, epithelial membrane antigen. PLAP, placental alkaline phospatase. L - CK, low molecular weight cytokeratin. AFP, alpha - fetoprotein.  β  - HCG, beta - human chorionic 
gonadotropin. GPC3, glypican - 3. D2 - 40, oncofetal antigen podoplanin. GCTs are typically EMA negative, distinguishing them from adenocarcinomas.   

 Mature teratomas (MT) are regarded as benign and may 
contain tissue of any parenchymal cell type from more than one 
germ cell layer, typically all three, organized in a haphazard 
fashion. The status of immature teratomas (IT) is less clear, and 
they may contain neuroectodermal or blastemal tissues that may 
appear immature and aggressive (graded 1 – 3 on this basis), and 
consequently their treatment remains controversial. Both entities 
are frequently seen as components of mixed MGCTs and they are 
cytokeratin and occasionally epithelial membrane antigen (EMA) 
and AP - 2 γ  positive (Table  17.3 ). 
   •      ITs may produce low levels of AFP as a consequence of imma-
ture intestine or liver being present in the tumor, but this is not 
predictive of relapse.  
   •      Marina et al. also noted that there was an increased frequency 
of microfoci of YST (21/73) or PNET (2/73) with increasing grade 
of immaturity, with more than half of grade 3 ITs containing YST 
microfoci (Heifetz lesions) compared with only 4% of grade 1 ITs 
 [30] . These Heifetz lesions may be responsible for mildly elevated 
AFPs (observed in 45% of cases, with maximum AFP 1045   ng/ml) 
 [30, 31] .  
   •      Around 25 – 30% of ovarian ITs are associated with mature glial 
deposits throughout the peritoneum and/or omentum (gliaoma-
tosis peritonei). Gliomatosis is rarely seen at other sites, although 
has been reported with mediastinal and cervical teratomas  [31] .    

 Different histological subtypes of GCTs predominate at differ-
ent ages. In neonates they are almost exclusively mature and 
immature teratoma, sometimes admixed with subtle foci of YCT. 
During infancy and early childhood, YSTs predominate, but later 
in childhood, germinomas are also seen, particularly in ovarian 
tumors, and the increase in incidence of GCTs seen from around 
the time of puberty is associated with the observation of all his-
tological entities, especially in males  [17] .  

  Embryology 
 GCTs are thought to arise from PGCs, the embryonic precursors 
of gametes. PGCs form within the wall of an out - pouching of the 
extra - embryonic yolk sac at 3 weeks gestation, before they migrate 
towards the allantois and hindgut through the vitelline duct. 
Thereafter, the migrational path of the PGCs is along the wall of 
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( α    +    β ) vary between different tumor types, the most reliable 
measurement for detecting  β  - HCG secretion by tumor is  ‘ total 
HCG ’ , which includes both free  β  and dimer. 
   •      Elevation of  β  - HCG levels implies the presence of syncytiotro-
phoblasts and is typically seen in choriocarcinoma or mixed 
MGCTs with choriocarcinoma as one component.  
   •      Moderate elevation of  β  - HCG may be seen from syncytiotro-
phoblastic giant cells present within germinomas and occasion-
ally in embryonal carcinoma.    

 In the presence of raised tumor markers, GCTs may be treated 
on the basis of radiological fi ndings and raised tumor markers 
without tissue diagnosis, although histological confi rmation is 
often available at diagnosis, especially for gonadal tumors, when 
primary excision is part of treatment. Where a biopsy is per-
formed in a mixed tumor, particularly for extragonadal tumors, 
the GCT components in the tissue diagnosis may differ from the 
subtype suggested by marker estimation, or may under - report 
the range of histologies present as a result of sampling error  [38] . 
The defi nitive histological diagnosis is less important in pediatric 
practice, since appropriately intensive treatment can be deter-
mined by the presence of raised markers in most cases.  

  Molecular  b iology 
 Current understanding of the biology of pediatric MGCTs is 
limited in comparison with hematological malignancies, other 
pediatric solid tumors and adult testicular GCTs (TGCTs). 
   •      Genetic studies performed on adult TGCTs invariably demon-
strate gain of the short arm of chromosome 12 (12p gain), irre-
spective of histology, usually resulting from isochromosome 12p 
[i(12p)] formation  [39] .  
   •      This suggests that genes on 12p are essential in the pathogenesis 
of adult TGCTs. However, i(12p) is rare in pediatric MGCTs 
and is never seen in pure histology teratomas occurring in 
childhood.  
   •      Despite this, 12p gain is not exclusive to adult MGCTs and a 
spectrum exists, where 12p gain is relatively less common in 
MGCTs of younger children (10 – 20% of cases  < 5 years old) and 
increases in frequency through to adulthood (50 – 60% of cases in 
adolescence)  [40] .    

 The biological and clinical relevance of 12p gain in childhood 
tumors has yet to be established, but it is notable that 12p gain 
was seen in both of the childhood MGCT relapses genetically 
assessed and reported to date  [41, 42] , and the only reported 
death from disease  [40] . 

 Numerical abnormalities of many other chromosomes are 
more frequently reported, although none as consistently as 12p 
gain in adult TGCTs  [40] . Different histologies appear to show 
characteristic patterns of genomic imbalance irrespective of the 
site in which they occur  [41] , consistent with the hypothesis that 
they arise from the same progenitor cell: 
   •      Pediatric YSTs commonly have loss on 1p36, 4q, 6q and gain 
on 3p.  
   •      Pediatric germinomas are more likely to have gain on 12q, 19q 
and loss on 11q.    

the hindgut and the dorsal mesentery into the genital ridge, which 
they reach at gestational week 5 – 6. Germ cell migration is com-
plete by week 6 – 7 with subsequent obliteration of the vitelline 
duct and closure of the abdominal wall by week 11. The gonadal 
cords, later the mature gonads, appear as sex discernable organs 
from week 9. The migration process appears to be dependent 
upon SDF - 1  [32] . Once in the gonadal ridge, PGCs undergo 
gender specifi c differentiation into oocytes or spermatogonia. 
Those that fail to reach the gonadal ridge typically apoptose in a 
 BAX  - dependent manner  [33] . 

 It is suggested that aberrant germ cell migration is responsible 
for the extragonadal sites at which GCTs arise. Recently,  BAX  -
 null mice, which permit the survival of ectopically sited PGCs, 
show a propensity to reside at the tail bud/sacral area with a 3:1 
female predilection analogous to sacrococcygeal GCT (SCT) 
development in humans  [34] , suggesting that PGCs are indeed 
the precursors of GCTs, particularly those of early childhood. 
However, there was no mis - siting of PGCs outside of the abdomi-
nal cavity, leaving the origin of thymus/mediastinum or CNS 
GCTs open to question. Additionally, there is a suggestion that 
SCTs arise from Henson ’ s node, a totipotent group of cells 
located at the tip of the coccyx as part of axis - formation during 
gastrulation, which might fi t better with the observed epidemiol-
ogy and malignant potential, which is at odds with that for pedi-
atric teratomas at other sites  [1] .  

  Tumor  m arkers 
 Tumor markers have been used routinely in the management of 
GCTs in childhood. Lactate dehydrogenase (LDH) is a non - spe-
cifi c marker of malignancy and whilst frequently measured at 
diagnosis, as a result of previous interest in its prognostic impact 
in non - seminomas of adulthood  [35] , it has little value in pedi-
atric practice. Similarly, PLAP has been shown to be raised in 
germinoma, but is not suffi ciently specifi c to have any diagnostic 
or prognostic value  [36] . 

 The secretion of AFP and HCG by GCTs is well recognized. 
Where levels are raised, markers are valuable in diagnosis, assess-
ing response to treatment and surveillance once treatment is 
completed. AFP, an  α  - globulin, is the predominant serum 
binding protein in the fetus (later replaced by albumin) and is 
therefore very high at birth, usually falling to adult levels of 
 < 12   ng/ml ( < 10   IU/l; 1   ng/ml    ≡    0.84   IU/l) by 1 year of age. 

 However, at the extremes of the AFP range, a normal 2 - year -
 old may have an AFP of 82   ng/ml, making interpretation of iso-
lated AFP levels diffi cult in the neonate and infant  [37] . As a 
tumor marker, AFP is produced by YSTs, yolk sac elements 
within mixed MGCTs and, at low levels, by some embryonal 
carcinomas and immature teratomas. It is also raised in primary 
liver tumors, particularly hepatoblastoma. 

 HCG is a glycoprotein composed of  α  and  β  subunits which is 
normally produced by syncytiotrophoblasts. Assay of the  β  
subunit avoids cross - reactivity with other hormones (leuteinizing 
hormone [LH], follicle and thyroid stimulating hormones, and 
melatonin). Since relative levels of  ‘ free  β  ’  and intact dimer 
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(MT/IT). They are described according to the Altman classifi ca-
tion for the American Academy of Pediatrics in 1974, which 
defi nes four types of SCT on the basis of predominant tumor 
location  [47] . 
   •      Type I are predominantly external and comprise 45% of SCTs 
(Plate  17.1 ). They are readily identifi able at birth and are almost 
always benign.  
   •      SCTs with tumor in both internal and external compartments 
are Type II (35%) or III (10%), with larger external or internal 
components respectively. These may present in later infancy, 
especially where the external component is small, or be mis -
 diagnosed, for example as hemangiomas; but are associated with 
an increased risk of malignancy (21% and 34% respectively).  
   •      Type IV SCTs (10%) are entirely internal, presacral or abdomi-
nal and more commonly have malignant elements (38%).    

 The increased incidence of malignancy with later presentations 
lends credence to the theory that they may have been primary 
teratomas, possibly benign at fi rst, that escaped diagnosis  [22, 
47] . All types of SCT may extend intraspinally and be associated 
with neurological defi cits at presentation, or following surgery. 
Outside the neonatal period they usually present with functional 
problems in bladder, bowels, and lower limbs. 

 Almost all mediastinal lesions are located in the anterior medi-
astinum. Frequently presenting with chest pain in older children, 
symptoms may also result from airway compression (commonly 
in younger children), heart failure or symptoms associated with 
aberrant hormone production (precocious puberty brought on 
by HCG mimicking LH). There is an increased incidence in boys 
with Klinefelter ’ s syndrome (Table  17.1 ). Mediastinal tumors are 
less frequent in girls (typically  ≤ 4 years of age), and tend to occur 
in boys in the adolescent years or adulthood. 

 Retroperitoneal GCTs present with abdominal symptoms, 
dependent on site and organs affected. They may form dumbbell 
tumors, similar to neuroblastoma, resulting in neurological 
compromise. 

 Other extragonadal sites at which GCTs occasionally arise 
include liver, bile duct, abdominal wall, head and neck, lip, pelvis, 
prostate, uterus, and vagina. Vaginal GCTs present with bleeding 
and should therefore be considered in cases of suspected sexual 
abuse. Teratomas may occur in the neck, oral cavity, or orbit. 
They are usually present at birth and are commonly benign.  

  Metastatic  s ites of  d isease 
 Distant metastases are seen at presentation in approximately 20% 
of extracranial GCTs  [48] . The most common site is the lungs, 
but liver, bone, and bone marrow metastases are also seen  [8] . 
Rarely, choriocarcinomas may metastasize to the brain, so this 
possibility should be borne in mind in tumors with high levels of 
 β  - HCG.  

  Central  n ervous  s ystem  g erm  c ell  t umor  p resentation 
 GCTs should always be suspected in cases of midline intracranial 
tumors, particularly at suprasellar or pineal sites. Around 15% 
are bifocal, involving both sites. 

 Biology may also help to explain the unusual behaviour of post -
 pubertal testicular or extra - gonadal MTs, which have demon-
strated the ability to grow, undergo malignant change, and 
metastasize  [43] . For instance truly benign teratomas do not 
demonstrate any cytogenetic aberrations, but post - pubertal non -
 ovarian teratomas may have i(12p) or genetic 12p gain. It has also 
been reported that malignant teratomas, containing non - GCT 
malignant components, retain the genetic abnormalities charac-
teristic of GCTs (i.e. 12p gain), as well as acquiring the charac-
teristic aberrations associated with the somatic malignancy 
present, suggesting that this malignancy arose from a malignant 
transformation within the GCT  [44] . 

 In addition, pediatric and adult MGCTs differ signifi cantly in 
their global gene expression profi les supporting the suggestion 
that they differ biologically  [45] . It is not possible to determine 
the timing of the potential biological shift between childhood and 
adult type patterns, although this appears to occur during 
puberty, and may be hormone driven. Furthermore, imprinting 
analysis is consistent between gonadal and extragonadal GCTs for 
a particular histological type (either pre -  or post - puberty), sup-
porting the hypothesis that GCTs, are all derived from the same 
progenitor cell  [46] .   

  Clinical  p resentation 

 The presentation of GCTs is determined by their site and occa-
sionally by the presence of metastases. 

  Gonadal  s ites 
 Ovarian GCTs usually present as palpable masses with abdominal 
distension, typically with pain secondary to torsion or rupture 
and occasionally with symptoms secondary to hormonal distur-
bances. Those presenting with acute/sub - acute pain may fre-
quently be misdiagnosed as acute appendicitis. The majority of 
pediatric ovarian masses are mature teratomas. Some are cystad-
enomas, whilst roughly 20% are malignant. In the neonatal 
period ovarian masses are invariably benign follicular cysts as a 
consequence of maternal oestrogen stimulation. 

 Testicular tumors present either in the fi rst few years of life or 
in adolescence as painless scrotal swellings. Diagnostic error is 
common, with hydrocoele, inguinal hernia, and testicular torsion 
included in the differential diagnosis. If GCT is suspected then 
an inguinal surgical approach should be performed. In cases of 
testicular maldescent, orchidopexy makes testicular surveillance 
feasible, but there is little evidence that the risk of malignancy is 
reduced or fertility preserved. Testicular primaries in young chil-
dren are much more likely to present at stage I (85% of cases in 
children compared with 35% in adults), and are typically terato-
mas and/or YSTs.  

  Extragonadal  g erm  c ell  t umors 
 The majority of SCTs present antenatally or in the neonatal 
period, and can be extremely large, leading to hydrops fetalis or 
obstruction of labour. SCTs of the newborn are typically benign 
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   •       18 F - fl uorodeoxyglucose ( 18 F - FDG) positron emission tomogra-
phy (PET) is presently under evaluation in GCTs. Its role is likely 
to be in determining residual active disease following chemo-
therapy  [52] .     

  Staging 
 There are many staging systems presently in operation and this 
makes inter - study comparisons more diffi cult. The TNM classi-
fi cation has been adopted by most countries for testicular and 
extragonadal GCTs and is shown in Table  17.4 . However, due to 
the rarity of ovarian GCTs, relative to adult epithelial cancer, 
these tumors may be staged according to the International 
Federation of Gynecologic Oncologists (FIGO) system (Table 
 17.5 )  [53] .      

 On the basis of the staging, risk stratifi cation is performed 
(Table  17.6   ). The treatment schedules used in the UK, France and 
USA include stratifi cation on the basis of AFP level (for YSTs in 
children 6 – 12 months of age) which has been shown to have 
prognostic signifi cance in children and adults  [35, 48] .     

  Treatment of  e xtracranial  g erm  c ell  t umors 
  Historical  p erspective 
 The treatment of GCTs has been one of the major successes in 
modern oncology. Historically, they were highly aggressive and 
rapidly fatal, with the exception of mature teratomas and gonadal 
germinomas. However, with the advent of effective combination 
chemotherapy malignant GCTs have come to epitomize the 
curable cancer. Advances in the treatment of this tumor group 
were largely led by adult TGCT trials. In children, early studies 
involved surgery, followed by adjuvant treatment in some cases 

   •      Most tumors involving the pineal and a minority of suprasellar 
tumors have raised intracranial pressure at diagnosis and may 
present as neurosurgical emergencies.  
   •      Many present with neuroendocrine symptoms, of which diabe-
tes insipidus is the most common and is seen in the majority of 
suprasellar tumors at diagnosis and a proportion of pineal 
tumors, whilst precocious puberty or panhypopituitarism may 
also be the fi rst signs of disease in some cases.  
   •      Visual disturbance is common at diagnosis, ranging from visual 
failure due to chiasmatic involvement to oculomotor palsies and, 
specifi cally for pineal tumors, paralysis of upward gaze (Parinaud ’ s 
Syndrome). Intracranial GCTs may occasionally present with 
anorexia or other hypothalamic disturbance, change in behav-
iour, pyramidal tract signs, ataxia or seizures  [49] .     

  Metastases from  i ntracranial  g erm  c ell  t umors 
 Intracranial GCTs almost never spread to sites outside the CNS. 
The incidence of spinal or intracranial metastases is in the region 
of 20%  [50] .   

  Management of  e xtracranial  g erm  c ell  t umors 

  Investigation and  s taging of  e xtracranial 
 g erm  c ell  t umors 
  Imaging for  g erm  c ell  t umors 
 Since GCTs can present in a multitude of extracranial sites, 
imaging and follow up will depend upon the site of the primary 
and initial stage, but may include any of the following: 
   •      Plain X - ray may provide the fi rst indication of a GCT, typically 
a mature teratoma, where calcifi cation or aberrantly sited mature 
tissues (such as teeth) can be identifi ed. It is typically employed, 
especially as a follow up screen, for the detection of pulmonary 
metastases.  
   •      Ultrasound is frequently used as the initial examination of the 
primary site, particularly gonadal tumors. It is also an invaluable 
tool in the follow up of children, especially in marker negative 
GCTs, as a radiation - sparing modality.  
   •      As with many tumors, CT is the mainstay of investigation of 
GCTs. It is typically used as a staging tool, to determine the pres-
ence of lung and liver metastases, but is also useful to determine 
local spread, such as regional lymph node involvement in gonadal 
GCTs.  
   •      MRI is the preferred imaging modality in SCTs, to determine 
whether there is any intra - spinal component. It may replace CT 
as the original imaging modality and typically reveals a T1 -
 weighted hypo - intense tumor. A hyper - intense T1 signal is highly 
suggestive of sebaceous fat within a teratoma, whilst other benign 
features include fl uid levels within cysts and palm tree - like pro-
trusions (Rokitansky protuberance)  [51] .  
   •       99m Technetium Bone Scintigram  –  as part of the diagnostic 
work up a bone scan looking for distant skeletal metastases is 
typically performed. This need only be repeated in the event of 
relapse, or at the end of therapy if positive at diagnosis.  

  Table 17.4     TNM  Classifi cation for germ cell tumors. 

   Stage     Clinical     Post - surgical  

  I    Tumour  <    5   cm, no 
adenopathy, no 
metastasis  

     pS1: Tumour without loco -
 regional extension, completely 
removed, no metastasis  

  II    Tumour  <    greater or 
equal    ≥    5   cm, no 
adenopathy, no 
metastasis  

     pSII: Tumour with loco - regional 
extension, with or without lymph 
node involvement, completely 
removed, no metastasis  

  III    Tumour of any size, 
locoregional extension 
and/or lymph node 
involvement, no 
metastasis  

     pSIII: Tumour with loco - regional 
extension, with no metastasis, 
incompletely removed 

    pSIIIa: Microscopic residue 
    pSIIIb: Macroscopic residue  

  IV    Metastatic tumor, including 
distant lymph nodes 
(lumbar aortic are 
loco - regional for testicular 
tumor)  

     pSIV: Tumour with distant 
metastases  
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(Table  17.7 a  ). For malignant tumors, where surgery, radiother-
apy, and/or single agent chemotherapy was employed, the long -  
term survival was between 10 and 20%  [62, 63] .   

 For selected low - stage cases, aggressive surgical management 
alone, with orchidectomy and retroperitoneal lymph node dis-
section (RPLND), produced a durable long - term survival in a 
majority of adult TGCT patients  [64] , and was successfully 
adopted for childhood testicular GCTs  [65] . Since active retro-
peritoneal lymph node involvement was rare in pre - pubertal tes-
ticular YSTs (only 4% reported by Brosman  [66] ) RPLND was 
largely abandoned in children. In addition, adjuvant chemother-
apy for stage I TGCTs was also found to confer no survival advan-
tage over orchidectomy alone  [67] . 

  Table 17.5     FIGO  system of staging for ovarian tumors. 

   Stage I: tumor limited to the ovaries   
      •      IA: one ovary, no ascites, intact capsule.  
   •      IB: both ovaries, no ascites, intact capsule.  
   •      IC: ruptured capsule, capsular involvement, positive peritoneal washings, or 

malignant ascites.     

   Stage II: ovarian tumor with pelvic extension   
      •      IIA: pelvic extension to uterus or tubes.  
   •      IIB: pelvic extension to other pelvic organs (bladder, rectum, or vagina).  
   •      IIC: pelvic extension, plus fi ndings indicated for stage IC.     

   Stage III: tumor outside the pelvis, or positive nodes   
      •      IIIA: microscopic seeding outside the true pelvis.  
   •      IIIB: gross deposits less than 2   cm.  
   •      IIIC: gross deposits greater than 2   cm or positive nodes.     

   Stage IV: distant organ involvement, including liver parenchyma or 
pleural space   

  Table 17.6    Type of germ cell tumor by stage and by risk group    [48, 54]  .  

        Ovarian     Testicular     Extragonadal  

   USA     Germany  *       UK     USA     Germany     UK     USA     Germany     UK  

  Stage I    Low    Low    Low    Low    Low   †       Low    Intermediate    Low    Low   §     
  Stage II    Intermediate    Intermediate    Intermediate   ¶       Intermediate    Intermediate    Intermediate    Intermediate    Intermediate    Intermediate  *  *    
  Stage III    Intermediate    High    Intermediate   ¶       Intermediate    Intermediate   ‡       Intermediate    High    High    Intermediate  *  *    
  Stage IV    Intermediate    High    High   †  †       Intermediate    High    High   †  †       High    High    High  

    *    If yolk - sac tumor (YST) histology of the rare endometrioid/hepatoid morphology then upstaged to next category (i.e. low to intermediate risk).       †     If YST and confi ned to 
testis but not extending to scrotum or spermatic cord (non - YST or extension then intermediate risk).       ‡     Unless locoregional nodes  > 5   cm or multiple nodal deposits (when 
high risk).       §     Surgery should avoid mutilation and complete resection may, therefore, rarely be achieved.       ¶     Unless alpha - fetoprotein (AFP)  ≥ 10 000   IU/l (when high risk).   
   *  *    Unless AFP  ≥ 10 000   IU/l or thoracic site (when high risk).       †  †     Except testicular stage IV in children  < 5 years, and/or pure germinoma/seminoma (when intermediate risk).   

 Germinomatous tumors were recognized to be exquisitely 
radio - sensitive and this modality tended to be used in higher 
stage disease, but appeared ineffective at relapse  [68] . The benefi ts 
of chemotherapy were initially less clear, partly because early 
reports did not differentiate between subtypes of GCTs. Pure 
germinomas appeared to respond as well to chemotherapy as 
radiotherapy, without the long - term fertility effects  [63, 69] . 
However, chemotherapy alone was not considered to be curative 
in non - germinomatous GCTs, which were therefore subjected to 
extensive surgery, radiotherapy, and prolonged multi - drug 
chemotherapy in the search for a cure  [57, 69] . This step - wise 
progression in treatment, adding radiotherapy and then chemo-
therapy to simple orchidectomy, resulted in improved outcome 
with each modality added  [70] . 

 For all GCTs, this intense combination therapy was associated 
with considerable morbidity, and treatment claimed as many 
lives as the disease itself  [57] . 
   •      The combination of Vincristine, Actinomycin and Cyclopho-
sphamide (VAC) was thought to be the most effective multi - drug 
schedule (Table  17.7 a) and produced an overall survival in the 
region of 50 – 60%  [71] .  
   •      The introduction of cis - diamminedichloroplatinum (cisplatin) 
revolutionized drug therapy for GCTs. In 1977, Einhorn and 
Donohue demonstrated the effi cacy of cisplatin in disseminated 
adult TGCTs  [9] . This was confi rmed in larger trials and also in 
the pediatric age range where the most effi cacious combination, 
in the treatment of extracranial MGCTs, was determined to be 
BEP  [72] .    

 Adult TGCT trials have since looked to refi ne the treatment 
strategies for both good and poor risk disease. For good risk 
TGCTs, BEP three - weekly for three courses is as effective as four 
courses, thereby reducing toxicity. The possibility of omitting 
bleomycin has also been explored, with mixed results  [72] . In 
pediatric practice, concern regarding toxicity of high dose bleo-
mycin led to the development of schedules with a substantially 
reduced dose  [8] .  
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  Table 17.7a    Evolution of chemotherapeutic schedules for pediatric extracranial malignant germ cell tumors based largely on single institution experience. For 
abbreviations see Table  17.7 c. 

   Study     Tumour type     Stage     Site     Chemotherapy     Irradiation     Reference    

  VAC (USA) 
 Single institution 
 57 patients 
 (1 week – 18 
years) 
 1962 – 1979  

  23 YST 
 15 EC 
 13 IT 
 4 Gerninoma 
 2 CC 
 2 mixed  

  I/II ( n    =   22) 
 III/IV ( n    =   35)  

  30 gonadal (20 
ovary, 10 testis) 

 12 SCT 
 7 retroperitoneum 
 5 mediastinum 
 2 head/neck 
 1 vagina  

  Surgery alone (7 stage I, 
2 stage II) 

 Remainder predominantly 
VAC 

 Overall outcome 42% 5   y 
OS 

 Risk factors  –  high stage 
(0% 2y OS), 
extragonadal site,  < 2   y 
old at diagnosis.  

  Dysgerminomas 
exquisitely 
radiosensitive ( n    =   3)  

   [55]   

  T2 Protocol (USA) 
 Single institution 
 22 patients 
 (1 – 14 years) 
 1960 – 1974  

  8 YST 
 7 EC 
 2 DG 
 2 IT 
 3 mixed  

  I/II ( n    =   8) 
 III/IV ( n    =   14) 
 Incl. 10 cases of 

relapse, initially 
stage I  

  All ovarian    AdriaVAC ( n    =   10), 60% alive,  Vs  DOX alone or other 
combination ( n    =   8), 8% alive.  

   [56]   

  T2 Protocol (USA) 
 Single institution 
 13 patients 
 (1 – 22 years) 
 1971 – 1975  

  7 YST 
 2 DG 
 2 IT 
 2 mixed  

  III ( n    =   12) 
 IV ( n    =   1)  

  All ovarian    Combination (surgery, XRT) and AdriaVAC every 8 
weeks for 12 – 24 months (69% 2   y EFS)  

   [57]   

  VAC   +   BP 
 (France/
Argentina) 
 35 patients 
 (1 – 14 years) 
 1977 – 1982  

  Predominantly YST 
(raised AFP)  

  III ( n    =   16) 
 IV ( n    =   19)  

  18 gonadal (12 
ovary, 6 testis) 

 11 SCT 
 5 mediastinum 
 1 retroperitoneum  

  AC(M)   +   VPBD 6   =   weekly (each combination 
3 - weekly) for 6 courses (63% 2   y OS, 60% 2   y EFS)  

   [58]   

  VAC vs PE (Brazil) 
 Single institution 
 106 patients 
 (0 – 18 years)  
 1983 – 1987  

  46 YST 
 20 EC 
 16 mixed 
 11 germinoma 
 8  ‘ malignant 

teratoma ’  
 5 IT  

  I/II ( n    =   42) 
 III/IV ( n    =   64)  

  72 gonadal (37 
ovary, 35 testis) 

 22 SCT 
 4 vagina 
 4 retroperitoneum 
 4 other  

  Surgery alone ( n    =   33) 
 VAB - 6 like ( n    =   21) 43% 

5   y OS 
 EPO/VAC ( n    =   21) 54% 

5   y OS 
 PE ( n    =   31) 81% 5   y OS 
 Signifi cant improvement 

in outcome with 
cisplatin (high or 
standard dose)  

  XRT alone ( n    =   1) 
 Inclusion of XRT as 

multimodal therapy 
in VAB - 6 or EPO/
VAC only ( n    =   16)  

   [59]   

  VAC vs PVB (Japan) 
 117 patients 
 (0 – 17 years) 
 1975 – 2000  

  73 YST 
 16 EC 
 13 germinoma 
 4 CC 
 11 other  

  I ( n    =   54) 
 II ( n    =   4) 
 III ( n    =   14) 
 IV ( n    =   33) 
 NR ( n    =   12)  

  84 gonadal (53 
testis, 31 ovary) 

 21 SCT 
 12 other 
 1 NR  

  Surgery alone ( n    =   29) 
 Single agent/non - protocol combination ( n    =   50) 47% 

5   y OS 
 VAC ( n    =   18) 67% 5   y OS 
 PVB ( n    =   20) 84% 5   y OS  

   [60]   

  Carboplatin (USA) 
 Single institution 
 23 patients 
 ( ≤ 21 years) 
 1989 – 1998  

  N/R    I/II ( n    =   4) 
 III ( n    =   11) 
 IV ( n    =   8)  

  10 gonadal (6 
ovary, 4 testis) 

 9 SCT 
 4 other  

  JEB (carboplatin 600   mg/m 2 ) every 3 weeks for 4 – 6 
courses 

 91% 5   y OS, 87% 5   y EFS  

   [61]   
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  Basis for  c urrent and  f uture  t reatment  s trategies 
 Most of the experience on which current chemotherapeutic treat-
ment strategies are based has been accumulated in predominantly 
national studies and the complexity and heterogeneity of GCTs 
makes comparisons between series diffi cult. However, there are 
clear patterns which emerge from the data published from across 
the world (Table  17.7 b and  17.7 c  ). For instance, a common 
theme which has evolved for all major groups is surgery only, 

then watch and wait approach for stage 1 gonadal tumors 
(Table  17.6 ).   

  North America 
 In their most recent studies, the Americans achieved an EFS of 
95% in their POG9048/CCG8881 study of low risk (gonadal) 
GCTs employing PEB chemotherapy. For high - risk MGCTs 
(stage I or II extragonadal and all stage III or IV), they compared 

  Table 17.7b    Major fi ndings of national extracranial germ cell tumor trials. For abbreviations see Table  17.7 c. 

   Study     Tumour type     Stage     Site     Chemotherapy     Irradiation     Reference  

  CCG 861 (USA) 
 93 patients 
 (0 – 21 years) 
 1978 – 1984  

  Non - seminomatous 
 41 YST 
 39 mixed 
 9 EC 
 4 CC  

  N/R    30 ovarian 
 63 extragonadal  

  VeBP   +   AC   +   DOX intensive induction, then less 
frequent maintenance for 2 years (54% 4   y OS, 
49% 4   y EFS). 

 Survival signifi cantly better for ovarian than 
extragonadal (67% vs 48%)  

   [73]   

  IGR (France) 
 Single institution 
 82 patients 
 1978 – 1984  

  Non - seminomatous 
(secreting GCTs) 

 63 histologically 
confi rmed (34 YST, 7 
IT, 3 CC, 1 EC, 18 
mixed)  

  I ( n    =   25)    48 gonadal (28 ovary, 
20 testis) 

 20 SCT 
 6 mediastinum 
 5 vagina 
 3 other  

  Surgery alone ( n    =   23) with 4 relapses requiring 
chemotherapy  

   [63]   

  III/IV ( n    =   57)    AC   +   VPBD ( n    =   61) 6 - weekly for 6 courses 
 For all patients 80% 2   y OS, 69% 2   y EFS  

  VAC/PVB (USA) 
 Single institution 
 60 patients (3 
months – 17 years) 
 1979 – 1988  

  23 YST 
 13 mixed 
 9 germinoma 
 9 IT 
 3 EC 
 2 other 
 1 unreported  

  I ( n    =   18)    44 gonadal (32 ovary, 
12 testis) 

 8 SCT 
 3 mediastinum 
 3 retroperitoneum 
 1 vagina 
 1 head/neck  

  Surgery alone for 17 stage 1 (all testis)  &  ovary (size 
 < 10   cm)  

   [74]   

  II ( n    =   8) 
 III ( n    =   25) 
 IV ( n    =   9)  

  VAC or PVB (80% 5   y 
OS). 

 5   y OS worse for higher 
stage (I - 100%, II - 87%, 
III - 72%, IV - 56%) 

 PVB superior to VAC for 
high risk (extragonadal) 
and relapsed tumors. 

 Cisplatin hearing loss in 
8/22  

  XRT alone ( n    =   6, 
stage I - III 
germinoma) or in 
combination with 
chemotherapy 
( n    =   12, stage IV). 
XRT highly 
effective, especially 
for germinoma (all 
alive).  

  SFOP TGM 85 (France) 
 67 patients 
 (2 months – 18 years) 
 1985 – 1989  

  Non - seminomatous    I/II ( n    =   49)    48 gonadal (29 testis, 
19 ovary) 

 9 SCT 
 5 mediastinum 
 4 retroperitoneum 
 1 neck  

  Surgery alone (complete resection), otherwise as 
stage III/IV  

   [75]   

  III ( n    =   17) 
 IV ( n    =   1)  

  AC   +   PVB (81% 2   y OS, 77% 3   y EFS) 
 DOX omitted without adverse effects (esp. stage I/II) 
 Higher stage did worse (39% 2   y EFS for stage III vs 

87% for stage II chemotherapy), thus need to 
intensify treatment.  

  CCLG GC1 (UK) 
 VAC/PVB/BEP 
 126 patients 
 (0 – 15 years) 
 1979 – 1987  

  97 YST 
 13 mixed 
 11 IT 
 5 germinoma  

  I ( n    =   63)    89 gonadal (61 testis, 
29 ovary) 

 21 SCT 
 5 mediastinum 
 4 vagina, uterus or 

prostate 
 2 retroperitoneum 
 4 other  

  Surgery alone ( n    =   44), all stage 1 (41 testis, 2 
ovary, 1 SCT)  

   [8]   

  II ( n    =   18) 
 III ( n    =   23) 
 IV ( n    =   22)  

  Low - dose VAC (8% 5   y OS) 
 High - dose VAC ( ± Dox) (87% 5   y OS) 
 BEP (84% 5   y OS) PVB (67% 5   y OS) 
 Bleomycin toxicity using PVB  –  4 treatment related 

deaths. Frequent cisplatin induced renal 
impairment and deafness  

Continued
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   Study     Tumour type     Stage     Site     Chemotherapy     Irradiation     Reference  

  SFOP TGM 85 and 90 
(France) 
 63 patients 
 (0 – 18 years) 
 1985 – 1994  

  Non - seminomatous 
secreting GCTs 

 AFP in 49 and HCG 
in 14 

 14 IT  

  I ( n    =   9) 
 II ( n    =   21)  

  All ovarian    Surgery alone for 12 (pSI) secreting tumors and 10 
ITs  

   [76]   

  III ( n    =   29) 
 IV ( n    =   3) 
 N/R ( n    =   1)  

  AC   +   PVB (TGM 85) 3 - weekly for 3 courses,  n    =   23 
 JVB   +   AC (TGM 90)    −    Carboplatin 400   mg/m 2 , 

3 - weekly for 3 courses or 2 - courses beyond 
marker normalization,  n    =   40 

 85% 5   y OS, 74% 5   y EFS 
 Greater number of relapses in TGM 90 (carboplatin)  

  SFOP TGM 85 and 90 
(France) 
 81 patients 
 (1 – 18 years) 
 1985 – 1994  

  Non - seminomatous 
 Of 55 recorded 

(rest by markers): 
 37 YST 
 12 EC 
 4 IT 
 2 CC  

  I ( n    =   14) 
 II ( n    =   28) 
 III ( n    =   37) 
 2 bilateral  

  47 gonadal (36 ovary, 
11 testis) 

 21 SCT 
 7 mediastinum 
 5 retroperitoneum 
 1 perineum  

  AC+PVB (TGM85) 3 - weekly for 3 courses,  n    =   41 
 JVB   +   AC (TGM 90)    −    Carboplatin 400   mg/m 2 , 

3 - weekly for 3 courses or 2 - courses beyond 
marker normalization,  n    =   40 

 87% 3   y OS, 68% 3   y EFS 
 Poor risk patients: AFP    >    10 000   ng/ml, stage III 

and/or mediastinal/SCT site  

   [77]   

  Low risk strategy PEB 
(USA) 
 POG9048/CCG8881 
 74 patients 
 (8 months  − 16 
years) 
 1990 – 1995  

  53 YST 
 15 mixed 
 3 NR 
 2 CC 
 1 EC  

  I ( n    =   41) 
 II ( n    =   33)  

  All gonadal receiving 
chemotherapy (stage 
I/II ovary or stage II 
testis)  

  PEB 3 - weekly for 4 courses 
 96% 6   y OS, 95% 6   y EFS 
 2 cases of AML (non 11q23) recorded 
 Excellent survival fi gures  –  planned to treat stage I 

ovary with surgery alone approach (equivalent to 
testis stage I)  

   [78]   

  High risk strategy PEB 
(USA) 
 POG9049/CCG8882 
 299 patients 
 (1 – 20 years) 
 1990 – 1996  

  191 YST 
 60 mixed 
 31 germinoma 
 9 CC 
 3 EC 
 2 other 
 3 NR  

  I/II ( n    =   30) 
 III ( n    =   136) 
 IV ( n    =   133) 
 Includes 16 

surgery 
alone testis 
stage I 
relapses  

  134 gonadal (74 ovary, 
60 testis) 

 87 SCT 
 39 mediastinum 
 26 retroperitoneum 
 12 vagina/uterus 
 1 penis  

  PEB/High - dose PEB 3 - weekly for 4 courses 
(additional 2 courses if non - CR). 89% 6   y OS, 
85% 6   y EFS 

 High - dose PEB signifi cantly improved EFS but not OS 
(more tumor related deaths with PEB, or 
toxic - treatment related deaths with high - dose 
PEB) 

 High incidence of hearing loss with high - dose PEB  

   [11]   

  CCLG (UK) GC2 
 184 patients 
 (0 – 16 years) 
 1989 – 1997  

  107 YST 
 55  ‘ malignant 

teratoma ’  
 20 germinoma 
 1 EC 
 1 CC  

  I ( n    =   69) 
 II ( n    =   32) 
 III ( n    =   35) 
 IV ( n    =   42) 
 NR ( n    =   6)  

  117 gonadal (63 testis, 
54 ovary) 

 37 SCT 
 13 mediastinum 
 6 vagina/uterus 
 11 other  

  Surgery alone (40 testis, 6 ovary, 1 mediastinal)  –  
all stage I 

 JEB ( n    =   137), carboplatin 600   mg/m 2 , 3 - weekly 
until CR or for 2 courses beyond marker 
normalization. 

 93% 5   y OS (all), 91% 5   y OS (JEB), 88% 5   y EFS 
(JEB) 

 AFP  > 10 000   ng/ml, mediastinal site and high stage 
of prognostic signifi cance. Minimal long - term 
toxicity with carboplatin  

   [48]   

  TCG 91 (Italy) 
 95 patients 
 (0 – 16 years) 
 1991 – 1998  

  73 Non - seminomatous 
 14 germinoma 
 8 mixed  

  I ( n    =   39) 
 II ( n    =   5) 
 III ( n    =   23) 
 IV ( n    =   15)  

  59 gonadal (36 testis, 
23 ovary) 

 30 SCT 
 2 mediastinum 
 5 others  

  Surgery alone (24 testis, 6 
ovary)  –  all stage I 

 JE/IVA ( n    =   64), 
carboplatin 800   mg/m 2 /
course (reduced dosing 
frequency) for 2 – 4 
courses 

 83% OS, 72% EFS  

  XRT alone for stage 2 
germinoma ( n    =   1)  

   [79]   
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  Table 17.7c    Site and histology specifi c fi ndings. 

   Study     Tumour type     Stage     Site     Chemotherapy     Irradiation     Reference  

  Testicular site 
 Surgery alone (USA) 
 POG9048/CCG8891 
 63 patients 
 (1 month  –  5 years) 
 1990 – 1995  

  All YSTs    All stage I    All testicular    Surgery alone in all cases. 100% 6   y OS, 79 6   y EFS 
 Excellent outcome, all relapses salvaged with 

chemotherapy. No need for RPLND in children 
 4 cases of trans - scrotal violation (with signifi cantly 

greater relapse rate)  

   [80]   

  IGR  –  XRT therapy 
 Study (France) 
 Single institution 
 35 patients 
 (4 – 18years) 
 1978 – 1984  

  DG alone    I ( n    =   14) 
 II ( n    =   1) 
 III ( n    =   17) 
 IV ( n    =   3)  

  All ovarian    Surgery alone for 
stage I ( n    =   3) 

 ACPBD ( n    =   1)  

  94% 5   y OS 
 77.7% 5   y EFS 
 2 deaths  –  both stage IV. 

Very toxic (10 infertile and 
1 late radiation death).  

   [63]   

  Demonstrated need for chemotherapy to reduce 
toxicity  

  Ovarian site 
 PEB (USA) 
 POG9048/CCG8891 
 131 patients 
 (1 – 20 years) 
 1990 – 1996  

  60  ‘ malignant 
teratoma ’  (39 YST) 

 25 YST 
 23 DG 
 2 CC 
 10 mixed 
 2 gonadoblastoma 
 9 NR  

  I ( n    =   41) 
 II ( n    =   16) 
 III ( n    =   58) 
 IV ( n    =   16)  

  All ovarian    PEB/High - dose PEB 3 - weekly for 4 courses. 
  > 95% 6   y OS,  > 92% 6   y EFS 
 Confi rms that extensive surgery is not necessary for 

a successful outcome and that future advances 
should look at reduction in therapy (e.g. surgery 
alone for stage I)  

   [19]   

  Extragonadal site JEB (UK) 
 CCLG GC1 and 2 
 98 patients 
 (0 – 15 years) 
 GC1 1979 – 1988 
 GC2 1989 – 1995  

  56 YST 
 34  ‘ malignant 

teratoma ’  
 2 germinoma 
 2 IT 
 4 N/R  

  I ( n    =   10)    All extragonadal 
 59 SCT 
 15 mediastinum 
 11 retroperitoneum 
 7 vagina, uterus or 

prostate 
 3 head/neck 
 3 liver/bile duct  

  Surgery alone ( n    =   3, stage 1 SCTs)     [81]   

  II ( n    =   20) 
 III ( n    =   18) 
 IV ( n    =   48) 
 N/R ( n    =   4)  

  For all patients: 
 GC1 (VAC    ±    DOX, PVB or BEP) 63% 10   y OS, 46% 

5   y EFS 
 GC2 (JEB, carboplatin 600   mg/m 2 ) 96% 5   y OS, 

87% 5   y EFS 
 Cisplatin (PVB or BEP) higher incidence of renal 

impairment and deafness. 
 Carboplatin as effective as cisplatin with less 

morbidity  

  Extragonadal site 
 PEB (USA) 
 POG9049/CCG8882 
 165 patients 
 (0 – 18 years) 
 1990 – 1996  

  136 YST 
 14 mixed 
 5 CC 
 4 germinoma 
 6 other  

  I/II ( n    =   30) 
 III ( n    =   61) 
 IV ( n    =   74)  

  All extragonadal 
 88 SCT 
 39 mediastinum 
 35 retroperitoneum 
 3 other  

  PEB/High - dose PEB 3 - weekly for 4 courses. 
 83% 5   y OS, 79% 5   y EFS 
 Worse prognosis with age  ≥ 12 years 
 High - dose PEB of borderline signifi cant benefi t to 

OS  

   [82]   

  SCT site 
 PEB (USA) 
 POG9049/CCG8882 
 74 patients 
 1990 – 1996  

  48 YST 
 24  ‘ malignant 

teratoma ’  
 2 NR  

  I ( n    =   3) 
 II ( n    = n    =   10) 
 III ( n    =   17) 
 IV ( n    =   44)  

  All SCT    PEB/High - dose PEB 3 - weekly for 4 courses. 
 90% 4   y OS, 84% 4   y EFS 
 Chemotherapy highly effective as: Outcome in 

primary or delayed resection, PEB or high - dose 
PEB, AND complete or partial resection 
equivalent  

   [22]   

  SCT site 
 PEI/BEP/VIP (Germany) 
 MAKEI 83/86  &  89 
 66 patients 
 (7 – 119 months) 
 1983 – 995  

  45 YST 
 21  ‘ malignant 

teratoma ’   

  I/II/III ( n    =   36) 
 IV ( n    =   30)  

  All SCT    81% 5   y OS, 76% 5   y EFS 
 Prognostic factors  –  completeness of fi rst surgical 

excision and stage IV (metastases not 
prognostically relevant if up front chemotherapy 
with delayed surgical excision)  

   [83]   

  Relapsed SCT site 
 PEI    ±    XRT (Germany) 
 MAKEI 83/86 and 89 
 22 patients 
 1983 – 1995  

  21 YST 
 1 mixed  

  All relapses 
 17 local 
 2 distant 
 3 combined  

  All Relapsed SCT    42% 5   y OS, 30% 5   y EFS 
 Prognostically relevant: 
   –   Whether completely excised at salvage surgery  
   –   Whether fi rst or subsequent relapse  
   –   If primary chemotherapy omitted etoposide (linked 

to metastastic rather than loco - regional relapse)     

   [84]   

Continued
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   Study     Tumour type     Stage     Site     Chemotherapy     Irradiation     Reference  

  Mediastinal site 
 PEB (USA) 
 POG9049/CCG8882 
 36 patients 
 1990 – 1996  

  14 YST 
 15 mixed 
 3 germinoma 
 2 CC  

  I/II ( n    =   8) 
 III ( n    =   19) 
 IV ( n    =   9)  

  All mediastinal    PEB/High - dose PEB 3 - weekly for 4 courses. 
 71% 4   y OS, 69% 4   y EFS 
 High rate of secondary cancer (2 AML, 1 

erythrophagoctosis) 
 Poor prognosis site, especially in boys (usually older 

ages). Bulky tumors appear to have worse 
outcome  

   [85]   

  Mediastinal site 
 PEI/BEP/VIP (Germany) 
 MAKEI 83/86/89 and 96 
 47 patients 
 (0 – 17 years) 
 1983 – 1999  

  16 MT 
 15 YST 
 7 mixed 
 5 IT 
 3 germinoma 
 1 CC  

  I/II ( n    =   38) 
 III/IV ( n    =   9)  

  All mediastinal    All MT/IT ( n    =   21) received surgery alone and 
germinomas ( n    =   3) XRT alone. 

 Chemotherapy for MAKEI 83/86  - PVB/PEI, MAKEI 
89  –  BEP/VIP, MAKEI 96  –  PEI ( × 4 – 8 courses). 
No difference in outcome despite different 
chemotherapy combinations. 

 87% 5   y OS, 83% 5   y EFS 
 Complete resection imperative (whether primary, 

delayed or second look surgery)  –  EFS 94% vs 
42%. Older age and high stage tended towards 
worse prognosis  

   [86]   

  Retroperitneal site 
 PEB (USA) 
 POG9049/CCG8882 
 25 patients 
 (2 months  –  18 years) 
 1990 – 1996  

  15 YST 
 3 CC 
 4  ‘ malignant 

teratoma ’  
 1 germinoma 
 2 mixed  

  I/II ( n    =   3) 
 III ( n    =   5) 
 IV ( n    =   17)  

  15 retroperitoneum 
 4 abdominal wall 
 3 liver 
 2 pelvis 
 1 small bowel  

  PEB/High - dose PEB 3 - weekly for 4 courses. 
 88% 6   y OS, 83% 6   y EFS 
 Initial compete excision uncommon and second look 

surgery merited to achieve complete resection  

   [87]   

  Genital tumors 
 PEB (USA) 
 POG9049/CCG8882 
 13 patients 
 (5 months  –  2 years) 
 1990 – 1996  

  All YST    All local 
disease  

  11 vagina 
 1 uterus 
 1 penis  

  PEB/High - dose PEB 3 - weekly for 4 courses. 
 92% 4   y OS, 76% 4   y EFS 
 Aim for conservative surgery (biopsy alone) and 

adjuvant chemotherapy  

   [88]   

  Immature teratomas (USA) 
 POG9048/CCG8881 
 73 patients 
 (0 – 17 years) 
 1990 – 1995  

  All IT    Grade I (23)  *   
 Grade II (29) 
 Grade III (21)  

  51 gonadal (44 
ovary, 7 testis) 

 7 retroperitoneum 
 7 head  &  neck 
 5 SCT 
 3 mediastinum  

  Surgery alone suffi cient. Chemotherapy at relapse 
(7%) 

 100% 3   y OS, 93% 3   y EFS 
 Presence of microfoci of YST (Heifetz lesions) more 

common with higher grade IT, yet rarely relapse.  

   [30]   

   XRT, radiotherapy. VAC, vincristine, actinomycin D, cyclophosphamide. AC(M), actinomycin D, cyclophosphamide, (methotrexate). VPBD, vincristine, cisPlatin, bleomycin, 
doxorubicin. VeBP, vinblastine, bleomycin, cisPlatin. AdriaVAC, adriamycin (doxorubicin  –  DOX)   +   VAC. BP, bleomycin   +   cisPlatin. PE, cisPlatin   +   etoposide. PEB 
(paediatric schedule BEP), cisPlatin, etoposide, bleomycin. BEP, bleomycin, etoposide, cisPlatin. ACPBD, actinomycin D, cyclophosphamide, cisPlatin, bleomycin, 
doxorubicin. VAB - 6, vinblastine, actinomycin D, bleomycin, cyclophospamide, cisPlatin. P(J)VB, cisPlatin (J - carboplatin), vinblastine, bleomycin. YST, yolk sac tumor. EC, 
embryonal carcinoma. IT, immature teratoma. DG, dysgerminoma. SCT, sacrococcygeal teratoma, CC, choriocarcinoma. OS, overall Survival. EFS, event - free survival. N/R, 
not recorded. N/A, not applicable. SFOP, French Society of Paeditric Oncology. POG/CCG, Pediatric Oncology Group/Children ’ s Cancer Group. CCLG, Children ’ s Cancer 
and Leukaemia Group (formerly the United Kingdom Children ’ s Cancer Study Group  –  UKCCSG). MAKEI, Maligne KEImzelltumoren. IGR, Insitut Gustave Roussy.  
   *    Grading for immature teratomas, see Table  17.2 . RPNLD, retroperitoneal lymph node dissection. Commonly used extracranial chemotherapy schedules: JEB (UK): 
carboplatin AUC 7.9   mg/ml.min or 600   mg/m 2  (D2), etoposide 120   mg/m 2  (D1 – 3), bleomycin 15   mg/m 2  (D3); PEB (USA): bleomycin 15   mg/m 2  (D1), etoposide 100   mg/m 2  
(D1 – 5), cisplatin 20   mg/m 2  (D1 – 5); High - dose PEB (USA): bleomycin 15   mg/m 2  (D1), etoposide 100   mg/m 2  (D1 – 5), cisplatin 40   mg/m 2  (D1 – 5); BEP (Germany): bleomycin 
15   mg/m 2  (D1 – 3), etoposide 80   mg/m 2  (D1 – 3), cisplatin 20   mg/m 2  (D4 – 8); PEI (Germany): cisplatin 20   mg/m 2  (D1 – 5), etoposide 100   mg/m 2  (D1 – 3), ifosfamide 1.5   g/m 2  
(D1 – 5); PVB (Germany): cisplatin 20   mg/m 2  (D4 – 8), vinblastine 3   mg/m 2  [or 0.15   mg/kg] (D1 – 2), bleomycin 15   mg/m 2  (D1 – 3). NB, Drug or dose alterations required for 
infants  < 1 year of age and in presence of renal impairment.   

Table 17.7c Continued
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high - dose (HD) cisplatin (200   mg/m 2 ) with standard cisplatin 
(100   mg/m 2 ) PEB in POG9049/CCG8882  [11] . Whilst they dem-
onstrated an improved survival in this trial of 299 children com-
pared with historical series, dose intensifi cation of cisplatin did 
not lead to an increase in overall survival (OS), an increased EFS 
in the HD arm balanced by treatment - related fatal infections in 
the same group, and increased morbidity from renal impairment 
and hearing loss  [89] . Attempts to reduce hearing loss with the 
chemical protection agent amifostine do not appear to protect 
against HDPEB - associated ototoxicity  [90] .  

   UK  
 Carboplatin, as part of JEB (with Etoposide and Bleomycin) has 
been the central plank of GCT treatment in the UK since 1989 
 [48] , with results which compare favourably with cisplatin based 
strategies employed elsewhere in children. Even the survival for 
the highest risk patients were comparable with American fi gures 
(UK 5 year EFS of 85%    ±    3.0% and USA 6year EFS of 
84.4%    ±    4.4%)  [11] . The potential for less toxic treatment of 
MGCTs, at least in the younger patient, warrants further consid-
eration. Attempts to identify a group of adult patients that could 
also benefi t from substitution of carboplatin for cisplatin have 
been less successful. Lower survival rates were reported in adult 
TGCTs, treated with carboplatin  [91 – 93] , although the case for 
inferiority of carboplatin in lower risk adult patients was initially 
confounded by the use of lower doses than in the pediatric series. 
Carboplatin ’ s role is therefore limited to single dose prophylactic 
treatment of stage I seminoma in adult TGCTs (where relapse can 
be reduced from  ∼ 20% in watch and wait, to  < 4% with carbopla-
tin)  [94] .  

  Italy 
 The Italians employed a six - drug strategy using carboplatin, also 
to prevent cisplatin oto -  and renal toxicity, and omitted bleomy-
cin to avoid lung fi brosis. However, they encountered profound 
hematological toxicity including three reported septic deaths 
 [79] , for which the increased dose and frequency of carboplatin, 
with the addition of ifosfamide, may in part be responsible.  

  France 
 The French published their experience with various platinum -
 based regimens, and established high AFP ( > 10 000   ng/ml) as a 
risk factor for relapse  [77] . They also explored the use of carbo-
platin but failed to demonstrate equivalent effi cacy in a rand-
omized study  [76] , although their conclusions were based on 
400   mg/m 2  carboplatin rather than the 600   mg/m 2  employed in 
the UK GC2 study.  

  Germany 
 The German  ‘ MAKEI ’  group have run studies in GCTs, in which 
the chemotherapy has moved towards combination of cisplatin 
and ifosfamide (PEI) with comparable outcomes to the bleomy-
cin - containing regimens  [83, 84] . 

 The number of chemotherapy courses employed in treatment 
of GCTs varies by study and according to risk group, ranging 
from two or three in low risk cases to six courses in the highest 
risk cases. For secreting tumors, the number of courses has some-
times been determined by the rate of response, two additional 
courses being given after marker normalization and an additional 
two courses thereafter. Should there be residual disease after four 
cycles, second - look surgery could be performed. In the UK GC2 
study, this strategy was employed but the median number of 
courses given was fi ve (range 3 – 8)  [48] , which was more than 
given in alternative strategies for low and standard risk tumors.   

  Surgical  m anagement of  e xtracranial  g erm  c ell  t umors 
 Surgery was initially a diagnostic procedure before being shown 
to be a prognostic feature, with upfront complete surgical resec-
tion resulting in a better survival irrespective of effective adjuvant 
chemotherapy  [73] . However, aggressive and mutilating surgery 
is not necessary, since GCTs (other than teratomas) are chemo-
sensitive. Thus, delayed surgical excision, in particular for medi-
astinal GCTs but for any in which there is residual after 
chemotherapy, may be simpler and confi rm treatment response. 
Indeed, the completeness of surgical resection, whether primary 
or delayed, appears to be prognostically signifi cant  [86] .  

  Radiotherapy for  e xtracranial  g erm  c ell  t umors 
 Pure dysgerminoma is curable using radiotherapy alone. 
However, the late effects of radiotherapy, coupled with the exqui-
site chemosensitivity of these tumors has led to chemotherapy 
being preferred  [69] . Radiotherapy is therefore avoided in 
primary treatment of extracranial GCTs, being reserved for 
intracranial GCTs, and used only occasionally for specifi c cases 
of extracranial GCT at the time of relapse and/or palliation.  

  Treatment of  t eratomas 
 Pure MT is cured by surgical excision and always behaves in a 
benign fashion if ovarian or testicular. Sacrococcygeal pure MTs 
on the other hand, may recur locally as malignant tumors in 
around 10% of cases, meriting careful post - operative follow up 
 [16, 23] . Treatment of immature teratoma (IT) remains contro-
versial, particularly in view of apparent differences between 
behaviour of these tumors in adults and children. 
   •      There is good evidence that complete surgical excision is cura-
tive in children irrespective of grade  [30] , whilst incomplete 
removal is a risk factor for relapse  [16] .  
   •      The evidence of benefi t from adjuvant chemotherapy, advo-
cated in adult practice for higher stage disease, is lacking in chil-
dren  [16, 95]  and surgery remains the mainstay of treatment. 
Although malignant recurrences, salvageable with fi rst line chem-
otherapy, have been particularly associated with the presence of 
either initial microfoci of YST or a raised AFP  [31] , the signifi -
cance of moderately raised AFP levels in IT remains controversial; 
it may simply represent immature endodermal elements rather 
than a malignant element  [30] , and does not therefore necessarily 
justify chemotherapy.  
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with a surgery and  ‘ wait and watch ’  approach. Treatment of 
higher stage tumors and recurrences following wait and watch is 
given as for testicular GCTs.    

 Management of ovarian teratomas should be limited to surgery, 
even for ITs with abdominal deposits which should be removed 
if possible, and resection of associated gliomatosis peritonei is not 
usually considered necessary.  

  Genitourinary  t ract 
 These tumors, which are invariably YSTs and tend to occur in the 
very young ( ≤ 2 years of age), are chemosensitive and carry an 
excellent prognosis. They may occur in the vagina, uterus, pros-
tate, perineum, or penis. Surgical biopsy may be required, but 
radical surgery is not necessary and should be avoided.  

  Mediastinum 
 Boys present earlier if associated with Klinefelter ’ s syndrome 
(mean 16 years vs 27 years for all mediastinal GCTs  [97] ) and 
seem to do less well if  ≥ 15 years of age, despite treatment, possibly 
suggesting that they are a particularly high - risk group  [85] . There 
is a greater risk of associated hematological malignancies, par-
ticularly AML, with mediastinal GCTs, which may occur in 10 –
 20% of cases. Of note, this association between mediastinal GCTs 
and AML may occur early following diagnosis or treatment and 
the leukemic clone typically displays i(12p). This suggests a GCT 
origin rather than treatment - induced rearrangements at 11q23, 
which is typical of etoposide therapy and occurs in  < 1% of GCTs 
treated with chemotherapy  [98] . 

 The potential risk of anesthesia at presentation in a tumor 
affecting the lower airways makes mediastinal GCTs, like lym-
phomas, challenging to investigate. 
   •      The presence of raised tumor markers may make surgical 
diagnosis unnecessary; otherwise image guided biopsy can be 
considered.  
   •      For most mediastinal tumors, chemotherapy is best given prior 
to attempting resection and has been shown to reduce the risk of 
capsule violation at the time of surgery as well as reducing phrenic 
nerve damage.    

 However, chemotherapy appears not to affect tumor adhesive-
ness to neighbouring structures (notably thymus and pericar-
dium), so surgery remains challenging. The importance of 
complete resection, even of residual teratomatous tissue post -
 chemotherapy, is underlined by the tendency of these tumors to 
behave more like adult TGCTs and to develop  ‘ Growing Teratoma 
Syndrome ’  which may undergo late malignant change, particu-
larly in older boys  [43] . Primary surgery is reserved for marker 
negative tumors (teratomas), although marker negative germi-
noma and/or EC will require subsequent chemotherapy followed 
by second look surgery  [86] . 

 Outcomes for mediastinal tumors are signifi cantly worse than 
for their gonadal counterparts. The strongest prognostic indica-
tor was completeness of tumor resection (5 year OS 100% vs 
42%) followed by age  < 5 years and low stage  [86] .    

   •      Where ovarian ITs are associated with abdominal deposits 
these may also be managed surgically, and resection of gliomato-
sis peritonei is not necessary.    

 Teratomas containing frank malignant germ cell elements are 
staged and treated as mixed MGCTs with surgery and chemo-
therapy as appropriate. If non - GCT malignant elements are 
present (typically neuroblastoma, PNET, sarcoma, myeloid 
leukemia, or carcinomas), adjuvant treatment of such malignant 
teratomas is based on the malignant component present, rather 
than on a MGCT strategy.  

  Management of  e xtracranial  g erm  c ell  t umors 
 a ccording to  s ite 
  Testes 
 The recommended surgical approach for testicular GCTs is 
inguinal, to avoid scrotal contamination. Spermatic cord vascu-
lar mobilization and control, prior to testicular mobilization, is 
also recommended in most countries, but there is limited evi-
dence to support this. Furthermore, there is no evidence that 
retroperitoneal lymph node biopsy carries any prognostic sig-
nifi cance in childhood testicular GCTs, and treatment on the 
basis of imaging is therefore preferred. Management of the sce-
nario of scrotal violation, in terms of staging and additional 
treatment required, is not clear. Hemiscrotectomy has been 
advocated to reduce the local relapse rate, through potential 
tumor seeding of the scrotal wound  [80] , but the value of such 
surgery in reducing relapse, and particularly in improving overall 
survival, is unproven. 

 The excellent salvage rate of relapses accounting for approxi-
mately 20% of cases following watch and wait for stage I tumors 
justifi es this approach, with 100% cured in the UK series and 
comparable results reported elsewhere  [79, 96] . The fi rst sign of 
relapse in secreting tumors may be a rise in AFP and the various 
platinum - based strategies employed by different groups for GCTs 
produce similarly excellent outcomes for higher stage tumors and 
relapsed stage I cases.  

  Ovaries 
 Primary surgical excision, avoiding mutilation and preserving 
uninvolved structures and fertility, is standard management of 
ovarian MGCTs. At the same time ascitic fl uid (or peritoneal 
washings) should be collected and the peritoneal surfaces, lymph 
nodes, omentum, and contralateral ovary should be examined 
and suspicious areas biopsied. 
   •      Unresectable or bilateral tumors should be biopsied prior to 
possible fertility - conserving surgery following appropriate 
chemotherapy.  
   •      However, bilateral gonadectomy is recommended for cases of 
gonadoblastoma.  
   •      For completely excised stage I MGCT disease or teratoma, no 
further treatment is necessary and chemotherapy can be reserved 
for the minority who relapse  [48, 19] . Careful attention to initial 
staging, and to surgical guidelines, including avoidance of tumor 
capsule rupture, is crucial if stage I tumors are to be treated safely 
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suspicion. The presence of metastases has not been shown to 
infl uence survival where chemotherapy was given initially  [83] .   

  Treatment  s trategies for  r elapsed  e xtracranial 
 g erm  c ell  t umors 
 Chemotherapy na ï ve tumors that relapse following a watch and 
wait policy can undergo standard fi rst line chemotherapy, accord-
ing to national or institutional practice. Cases that progress on 
treatment or recur following chemotherapy present more diffi -
culties, partly because of their rarity in childhood and the lack of 
trial data to direct treatment. Traditional second line therapy 
tends to involve more platinum - based agents in combination 
with other known active agents, including vinblastine, ifosfamide, 
and doxorubicin, schedules varying according to the fi rst line 
combinations employed, with response rates in the region of 50% 
 [48] . Whilst high - dose chemotherapy followed by autologous 
stem cell rescue has been employed successfully in adult TGCTs 
 [100] , the evidence for the benefi t of this approach in children is 
limited, and based on small numbers  [101] .   

  Extracranial  g erm  c ell  t umors:  c omplications 
and  f ollow  u p 
  Short -  t erm  c omplications of  p resentation and  t reatment of 
 e xtracranial  g erm  c ell  t umors 
 Chemotherapy side effects are mainly short term, including 
nausea and vomiting, alopecia, and myelosuppession. 
Complications of surgery for extracranial GCTs depend on the 
site involved and are relatively unusual, the highest risk of surgi-
cal morbidity associated with SCTs and mediastinal tumors.  

  Strategies for  f ollow  u p of  e xtracranial  g erm  c ell  t umors and 
 o verview of  i mportant  l ate  e ffects 
 Most relapses occur within the fi rst 2 years from diagnosis and 
therefore close monitoring of tumor markers through this period 
is essential. Most groups would advocate regular measurement 
until 3 years off treatment. Following surgery and/or during 
chemotherapy, markers are often measured weekly until normali-
zation, then monthly for about 1 year with gradual reduction in 
frequency thereafter. Regular imaging of marker negative tumors 
should be undertaken, also for about 3 years. 

 Long - term toxicities of drugs commonly used in the treatment 
of intracranial MGCTs include the following: 
   •      Etoposide: secondary AML, typically 3 – 5 years after treatment 
and associated with 11q23 clonal abnormalities, although this is 
low risk, occurring in  ≤ 1% of childhood GCTs  [98] .  
   •      Alkylating agents: renal toxicity (especially ifosfamide, usually 
manifest within a year of treatment), impaired fertility (especially 
cyclophosphamide, risk lower for ifosfamide but less evidence).  
   •      Platinum drugs: hearing and renal impairment, greatest with 
cisplatin (usually manifest within a year of treatment). Hearing 
loss with cisplatin chemotherapy is common (44% at 2 years fol-
lowing a cumulative dose  ≥ 400   mg/m 2   [102] ) unlike carboplatin, 
and deteriorates beyond the time of fi nishing treatment, also 
exacerbated by extended fi eld radiotherapy.  

  Sacrococcygeal  s ite  (Plate  17.1 )  
 As for pediatric teratomas at other sites, surgery is the mainstay 
of treatment for SCTs. Operative removal requires  en bloc  exci-
sion of the SCT along with the coccyx, and this was demonstrated 
to reduce the risk of relapse as early as 1951  [99] . SCTs compris-
ing only MT or IT (i.e. without age - related marker elevation or 
radiological evidence of malignancy) are both treated with com-
plete surgical excision alone, although microfoci of YST are more 
common the higher the IT grade and in turn increase the likeli-
hood of relapse following surgery. Overall the recurrence rate is 
around 12.5% (MT 0 – 26%; IT 12 – 55%) with increased risk 
attributed to  [38] : 
   •      Incomplete resection or lack of  en bloc  removal of the coccyx.  
   •      Pre - /peri - operative tumor spillage.  
   •      Failure to appreciate malignancy within the original SCT speci-
men (likely sampling error).  
   •      Presence of YST microfoci.    
 Fifty to 70% of all relapses contain MGCT (almost always YST), 
whilst the remainder are MT or IT. Relapse occasionally occurs 
with other somatic malignancies, particularly PNET. Repeated, 
often mutilating, surgical attempts to cure the children of their 
disease are a cause of considerable morbidity. SCTs with YST 
microfoci known to be incompletely excised are usually treated 
with primary chemotherapy. Despite treatment with chemother-
apy, these tumors may later recur as IT rather than malignant 
tumors, and are fatal in a minority of cases  [16] . 

 SCT known to be malignant at diagnosis are considered high -
 risk tumors, and treated by chemotherapy and delayed resection, 
unless small and amenable to primary resection. This improves 
survival by facilitating complete surgical removal. This strategy 
should therefore be followed for marker positive disease or malig-
nant SCT diagnosed by biopsy following radiological or clinical 

  Box 17.1    Treatment of malignant extracranial germ 
cell tumors: general principles. 

        •      Primary surgery when possible 

   Inguinal approach for testicular primaries  

  Sampling of ascites for ovarian tumors    

   •      Biopsy or diagnosis with raised markers in inoperable tumors  

   •      Gonadal Stage I tumors: complete resection and  ‘ watch and 
wait ’   

   •      All other stages: cisplatin - based chemotherapy, 2 – 4 courses *   

   •      Extragonadal tumors: platinum - based chemotherapy 

   High risk tumors: up to six courses *     

   •      Surgery following chemotherapy for residual tumor  

   •      Radiotherapy not part of routine fi rst line treatment     

      *    Depends on national practice and precise drug combination 
selected   
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cysts suggests the possibility of a mature teratomatous compo-
nent  [106, 107] .  
   •      Immature teratomas tend to have fewer or smaller cystic com-
ponents and less calcifi cation  [106] .    

 The differential diagnosis of small lesions in the suprasellar 
region includes Langerhans cell hystiocytosis, which can be dif-
fi cult to differentiate due to loss of granules in the posterior 
pituitary, and sarcoidosis, which is extremely rare. With larger 
lesions, low grade glioma should be considered. In the pineal 
region, GCTs are the most likely diagnosis but the differential 
includes PNETs, low grade astrocytomas and pinealocytomas. 
Bifocal lesions are highly characteristic of germinoma, so these 
are often treated as germinoma without biopsy confi rmation. MR 
Spectroscopy (MRS) may have a complementary role in differen-
tial diagnosis and a PET scan may also help to differentiate GCTs 
from low grade lesions, but neither technique is employed widely 
and both therefore need further evaluation  [108] .  

  Histology and  t umor  m arkers 
 Approximately half of CNS GCTs are pure germinoma and the 
remainder made up of non - germinomatous MGCTs (secreting 
tumors and EC), many of mixed histology, and a small number 
of mature and immature teratomas. 

 Since the management and prognosis is markedly different for 
germinomas and secreting GCTs, initial work - up must include 
the measurement of tumor markers in both the serum and cer-
ebrospinal fl uid (CSF) compartments, in addition to imaging of 
the head and spine, prior to any defi nitive surgical intervention. 
   •      The marker levels regarded as signifi cantly abnormal vary 
between groups and are controversial. This is particularly the case 
for  β  - HCG, which may be raised in germinoma due to syncytio-
trophoblastic cells, in terms of the level at which this is regarded 
as indicative of a NGGCT, and the role a raised  β  - HCG has as a 
risk factor in germinoma.  
   •      Levels of AFP  > 25   ng/ml and/or  β  - HCG  > 50   IU/l in either com-
partment are typically regarded as indicative of a secreting tumor, 
although in Japanese series much higher levels of  β  - HCG are 
allowed with germinomas. The importance of measuring markers 
in both compartments is underlined by the fi nding that around 
10% of cases of secreting GCTs have elevated markers in one 
compartment only  [109] .    

 Diagnosis of pure germinoma is based on histology, but a posi-
tive biopsy alone is not suffi cient to determine treatment since 
raised markers would imply mixed histology and dictate treat-
ment as a secreting tumor (NGGCT).  

  Surgical  i ntervention at  p resentation 
 Many patients with CNS GCTs present with hydrocephalus, 
requiring urgent surgery for control of intracranial pressure. CSF 
should be withdrawn as the fi rst intervention in this procedure, 
prior to attempting biopsy or third ventriculostomy. In the 
absence of hydrocephalus, CSF should be obtained by lumbar 
puncture and levels of both serum and CSF markers obtained 
prior to any surgical intervention. If thresholds are reached for 

   •      Bleomycin: pulmonary toxicity; particularly in older patients 
and those with renal impairment  [8] . Concerns that children may 
be more susceptible to bleomycin lung damage than adults, espe-
cially in those treated with cisplatin  [8, 63] , have led to dose 
reductions in pediatric protocols, without apparent compromise 
in terms of survival, and substitution of ifosfamide for bleomycin 
has also shown to be effective.       

  Management of  i ntracranial  g erm  c ell  t umors 

 Despite histological similarities with their extracranial counter-
parts, the anatomical locations of intracranial GCTs dictate a 
different approach in terms of investigation and treatment. 

 The main difference is that there is no demonstrated benefi t of 
primary surgery for malignant tumors  [103 – 105] . Of particular 
note is the: 
   •      Importance of measuring markers in both CNS and serum for 
diagnosis.  
   •      Requirement of radiotherapy for cure, either alone or in com-
bination with chemotherapy.    

 In light of their rarity and the complexity of their management, 
patients with suspected intracranial GCTs should be referred to 
specialist centres for management by multidisciplinary teams. 

  Investigation and  s taging of  i ntracranial  GCT  s  
 Given the importance of measurement of tumor markers in their 
diagnosis, it is important to consider the possibility of GCTs early 
in cases of intracranial tumors occurring in the midline, particu-
larly at suprasellar or pineal sites. Diagnostic and staging investi-
gations for intracranial GCTs include imaging, measurement of 
tumor markers and, in selected cases, histology. 

  Imaging 
 If the clinical presentation is suggestive of a GCT, radiological 
confi rmation should be sought using MRI of the head and spine 
with contrast. 
   •      MGCTs typically appear as solid masses on MRI that are hypo -  
or iso - intense on T1 and hyper -  or iso - intense on T2 - weighted 
images, with prominent enhancement following the administra-
tion of contrast.  
   •      Germinomas are distinguished from other diagnoses by their 
homogeneous appearance and typical sites of involvement, with 
approximately 20% of cases being bifocal (pineal and suprasellar) 
and 20% metastatic, in which multifocal involvement is seen 
mainly within the ventricular system and spinal cord. Very small 
germinomas may be evident on MRI by the absence of the bright 
spot of the posterior pituitary in T1 - weighted images together 
with thickening of the hypothalamus and infundibular stalk.  
   •      Malignant NGGCTs present a more heterogenous texture com-
pared with germinoma and bifocal disease is uncommon. CT 
scans show GCTs as iso -  or hyperdense lesions, with occasional 
calcifi cation; the presence of fat and calcifi cation or intratumoral 
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one local recurrence. There were 12 cases of  ‘ malignant teratoma ’  
(corresponding to mixed/secreting tumors or NGGCTs in current 
terminology) which responded poorly.    

 In the 1970s and 1980s, biopsy became more common to 
confi rm diagnosis and secreting tumors were identifi ed as requir-
ing more treatment  [113, 114] . During this time, cisplatin had 
been identifi ed as an effective agent against TGCTs and was intro-
duced into treatment strategies for childhood intracranial GCTs 
in the 1980s  [115] .  

  Basis for  c urrent and  f uture  t reatment  s trategies 
 Since the 1980s, progress in development of treatment for intrac-
ranial GCTs has been made in the context of multi - centre national 
and international collaborative studies. However, the available 
evidence is based on Phase II and observational single arm studies 
rather than randomized controlled trials, and many of the pub-
lished studies are based on small numbers of patients, com-
pounded by the heterogeneity of pathologies represented. Direct 
comparisons are made more challenging by the variation between 
groups in terms of the criteria used for diagnosis, defi nitions used 
for risk groups, including the different interpretation of raised 
 β  - HCG in the presence of histologically confi rmed germinoma, 
approach to primary surgery, detection of microscopic metastatic 
disease, and the diffi culties of defi ning response. Results of some 
of the larger national and international collaborative published 
studies are summarized in Tables  17.8a  and  17.8 b  . 

  Intracranial  g erminoma 
 Following the early studies demonstrating its effi cacy, cranio -
 spinal radiotherapy became established as the  ‘ Gold Standard ’  for 
treatment of intracranial germinoma in the 1980s  [129, 130] . 
Since then, National and International studies have been designed 
to reduce the burden of treatment, given the potential for long -
 term side effects associated with radiotherapy (RT). Whilst well 
established as treatment for germinoma, optimal radiation treat-
ment has been a matter for debate, most published studies being 
retrospective analyses with small numbers of patients. The 
German (MAKEI) group set out to investigate outcome for his-
tologically proven germinoma in a multi - centre prospective trial 
using a dose reduction strategy in two consecutive protocols from 
1983 (MAKEI 83/86 and MAKEI 89)  [116] . 
   •      Reduction of the RT dose from 36   Gy CSI and a tumor boost 
of 14   Gy (MAKEI 83/86) to 30   Gy with a 15   Gy boost (MAKEI 89) 
was associated with relapse - free survival of 91% (median follow 
up 59.5 months), and demonstrated that the dose to both primary 
tumor and cranio - spinal axis could be reduced safely.  
   •      These studies also drew attention to the importance of com-
plete diagnostic work - up, since two relapsing patients showed 
elevation of markers at relapse, having been incompletely staged 
at diagnosis, and therefore suspected of having had previously 
undetected NGGCT at fi rst diagnosis  [116] .    

 Attempts to cure intracranial germinoma with chemotherapy 
alone have been less successful. Two cooperative studies enrolled 
patients from the USA, Argentina, and Australia between 1989 

the diagnosis of a secreting tumor, then histological confi rmation 
is not necessary and should be avoided, because of the risks asso-
ciated with surgery  [103] . 

 When serum and CSF markers are negative, a histological 
specimen will be necessary to establish the diagnosis. This may 
be obtained by stereotactic biopsy or via endoscopy in experi-
enced hands. In some cases open biopsy may be considered 
appropriate, but it should be borne in mind that resection of CNS 
MGCTs does not confer any survival advantage and therefore the 
aim of the procedure should be to obtain diagnostic material. It 
is also important to remember that, although a small stereotactic 
biopsy may be insuffi cient to pick up all components of a mixed 
GCT, this lack of a complete histological profi le will not infl uence 
management.  

  Staging of  i ntracranial  g erm  c ell  t umors 
 Metastatic disease is defi ned as the presence of visible deposits on 
cranial or spinal MRI, or positive CSF cytology. Lumbar puncture 
is the preferred technique for this purpose but CSF taken at the 
time of emergency surgery for raised pressure and/or acquisition 
of material for histology is acceptable if sampling is carried out 
prior to biopsy. 

 Bifocal tumors, involving both the suprasellar and pineal sites, 
constitute an entity peculiar to GCTs, and are more common in 
germinoma. The fi nding of diabetes insipidus (DI) in germino-
mas, which appear only to involve the pineal gland, raises the 
question as to whether the true incidence is greater than sug-
gested by currently available imaging techniques. Practices vary 
in terms of the management of bifocal tumors, with European 
groups treating them as localized disease and the US as meta-
static. However, the Canadian experience suggests that they can 
be considered as locoregional disease rather than metastatic enti-
ties  [110] .   

  Treatment of  i ntracranial  g erm  c ell  t umors 
  Historical  p erspective 
 Early treatment of intracranial GCTs was surgical and survival 
was poor, with no clear differentiation between different histolo-
gies at the pineal site. Despite the absence of effective three -
 dimensional imaging, prior to the advent of CT scan in the 1970s, 
germinomas were successfully treated from the 1950s with radio-
therapy. At this time, they were diagnosed on the basis of clinical 
features, plain skull radiograph, and distortion of the posterior 
wall of the third ventricle on air studies. 
   •      Jenkin et al. in Toronto (1978) reported treatment of pineal 
tumors without biopsy between 1958 and 1976, using radiother-
apy in doses ranging from 35 to  > 50   Gy, with survival of 81% in 
patients under the age of 25. Patients over 25, who in hindsight 
were less likely to have GCTs, had only a 37% survival  [111] .  
   •      At around the same time, Dearnaley ’ s group in the UK reported 
the result of 34 cases treated between 1962 and 1987, using 50   Gy 
to the tumor bed and 30   Gy to the cranio - spinal axis  [112] . The 
diagnosis of germinoma was based on initial response ( ‘ radiosen-
sitivity test ’ ) and the 5 - year overall survival was 82% with only 
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  Table 17.8a    National and international series of treatment of intracranial germinoma. 

   Study     Tumour type     Chemotherapy     Radiotherapy     Conclusions     Reference  

  MAKEI (Germany) 
60 patients 
1983 – 1993  

  Germinoma    None    CSI  –  two different doses 
MAKEI 83/86 36   Gy 
CSI   +   14   Gy boost MAKEI 
89 30   Gy CSI   +   15   Gy 
boost  

  5 year 91% RFS with CSI 
Scope for dose reduction  

   [116]   

  SFOP (France) 57 
patients 
1990 – 1996  

  Germinoma    CarboPEI 
 (one cycle is one course each 

of Carboplatin/etoposide 
and ifosfamide/etoposide)  

  Focal 40   Gy    3 year EFS 96.4%     [117]   

  USA/Argentina/
Australia 45 
patients 
1989 – 1993  

  Germinoma    Carboplatin, etoposide and 
bleomycin (4 cycles). 2 
further cycles with or 
without cyclophosphamide 
depending on response  

  None as part of primary 
treatment  

  Good initial response to 
chemotherapy 22/45 
progressed or relapsed of 
which 19 salvaged  

   [118]   

  USA/Australia 19 
patients 
1995 – 1997  

  Germinoma    Cisplatin, etoposide, 
cyclophosphamide, 
bleomycin    ×    2 or 3 
carboplatin, etoposide, 
bleomycin    ×    2 – 3. Number 
of courses dependent on 
response  

  None as part of primary 
treatment  

  5 year EFS 47% OS 68% 
Chemo alone good 
response but poor EFS  

   [119]   

  Japan 85 patients 
1995 – 1999  

  Germinoma    Surgery 1st (8 complete 
resections) Carboplatin 
etoposide    ×    3 pre - RT 
Carboplatin etoposide    ×    3 
post - RT (for HCG secreting 
only) NB  cisplatin used in 
place of carboplatin in 
some patients   

  24   Gy extended local for 
 ‘ good risk ’  ( n    =   75) 
30   Gy extended local and 
20   Gy focal for HCG 
secreting ( n    =   10)  

  9 (12%) relapses in good 
risk group 

 No relapses in HCG 
secreting group  

   [120]   

  Japan 27 patients 
1992 – 1999  

  Germinoma    Good risk (no HCG) Cisplatin/
etoposide x 3 – 4 courses 
HCG secreting or 
metastatic cisplatin/
etoposide/ifosfamide    ×    3 – 4  

  24   Gy focal or ventricular 
(localized good risk, 
 n    =   14) 24   Gy focal / 
ventricular   +   6 – 10   Gy 
boost for HCG secreting 
( n    =   11) 

 24   Gy CSI (+/ –  boost) for 
metastatic ( n    =   3)  

  5 year RFS/OS 86/93% pure 
germinoma 44/75% HCG 
secreting  

   [121]   

  Europe (SIOP 
CNS GCT 96) 
 170 patients 
1996 – 2003  

  Germinoma    Two arms (non - randomized 
comparison): 

 Option A: no chemotherapy 
Option B: CarboPEI    ×    2 
cycles 

 (one cycle is one course each 
of Carboplatin/etoposide 
and ifosfamide/etoposide)  

  Option A: 24   Gy 
CSI   +   16   Gy boost 

 Option B: 40   Gy focal  

  Option A ( n    =   113) EFS 
93% Option B ( n    =   57) 
EFS 90% (interim 
analysis)  

   [122]   

   RFS, relapse - free survival. EFS, event - free survival. OS, overall survival. HCG, human choriogonadatrophin. RT, radiotherapy, CSI, cranio - spinal irradiation.   
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  Table 17.8b    National and international series of treatment of intracranial non - germinomatous germ cell tumors. 

   Study     Tumour type     Chemotherapy     Radiotherapy     Conclusions     Reference  

  MAKEI 89 (Germany) 
28 patients 
1989 – 1994  

  NGGCT    Bleomycin, etoposide, cisplatin    ×    2, 
vinblastine, ifosfamide, cisplatin 
 ×    2  

  30   Gy CSI   +   20   Gy boost    EFS 57%     [123]   

  SFOP (France) 15 
patients 
1988 – 1992  

  NGGCT    6 cycles of chemotherapy, including 
vinblastine, bleomycin, 
carboplatin, etoposide, ifosfamide  

  Only if viable residual 
tumor  

  12/13 non - irradiated 
patients relapsed 
but OS 67%  

   [124]   

  SFOP (France) 38 
patients 19 – 19  

  NGGCT    Alternating carboplatin/etoposide 
and ifosfamide/etoposide, 3 – 4 
cycles  

  Focal 55   Gy    EFS 67%     [125]   

  USA 18 patients 
1986 – 1994  

  NGGCT    Pre - radiation cisplatin/etoposide, 
3 – 4 cycles Post - radiation 
vinblastine, bleomycin, 
carboplatin, etoposide, 4 cycles  

  Focal 55   Gy  or  CSI 
36   Gy   +   18   Gy boost  

  EFS 67% at 4 years     [126]   

  USA/Argentina/
Australia 26 
patients 
1989 – 1993  

  NGGCT    Carboplatin, etoposide and 
bleomycin (4 cycles) 2 further 
cycles with or without 
cyclophosphamide, depending on 
response  

  None as part of primary 
treatment  

  13/26 progressed or 
relapsed of which 6 
survived  

   [118]   

  Europe (SIOP CNS GCT 
96) 122 patients 
1996 – 2003  

  NGGCT    Cisplatin, etoposide, ifosfamide    ×    4 
courses  

  Localized disease 54   Gy 
focal 

 96 patients Metastatic 
30   Gy CSI   +   24   Gy boost 

 26 patients  

  Localized: EFS 68% 
Metastatic EFS 72% 
(interim analysis)  

   [127]   

   NGGCT, non - germinomatous germ cell tumor (includes tumors with components of yolk - sac tumor, choriocarcinoma and/or embryonal carcinoma). CSI, cranio - spinal 
irradiation. EFS, event - free survival. OS, overall survival.   

  Box 17.2    General principles of treatment for central 
nervous system germinoma. 

    Diagnosis requires biopsy (except bifocal disease) 

 Primary resection is not benefi cial 

 Chemotherapy alone is insuffi cient 

 Curative treatment requires cranio - spinal radiotherapy or plati-
num - based chemotherapy followed by limited fi eld radiotherapy 
to include ventricles 

 Radiotherapy dose ( ≥ 20   Gy) to the ventricles with total dose to 
tumor and metastatic deposits of up to 40   Gy (may be possible to 
reduce in combination therapy) 

 Small residuals following treatment ( < 2   cm) may be observed 
safely 

 Moderately raised human choriogonadotrophin ( ≤ 50   IU/l) con-
sistent with diagnosis of germinoma  

and 1993  [118]  and 1995 and 1997  [131] . The fi rst of these studies 
reported the outcomes of 45 patients receiving four cycles of 
carboplatin, etoposide, and bleomycin, followed by two addi-
tional cycles of the same drugs in complete responders, and two 
cycles intensifi ed by cyclophosphamide in others. The same strat-
egy was employed for NGGCTs in the same study. Although the 
response rate to chemotherapy was good, half of the germinomas 
relapsed, and seven patients died, three of disease and four of 
treatment - related toxicity. Kellie et al.  [119]  reported the results 
of 19 germinoma treated with a more intensive regimen of chem-
otherapy, but with no improvement in EFS, leading to the con-
clusion that a chemotherapy - only approach was an inadequate 
primary treatment for patients with intracranial germinoma, 
despite good initial responses.   

 A number of groups have set out to avoid cranio - spinal radio-
therapy by treating localized germinoma with chemotherapy and 
limited fi eld or focal RT. 
   •      Buckner et al. described a series of nine patients with germi-
noma treated in the USA with four cycles of cisplatin and etopo-
side, followed by risk - adapted RT based on response and presence 
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a b

     Figure 17.4     Bifocal germinoma - biopsy only, no 
resection, craniospinal radiotherapy. (a), Diagnosis. 
(b), Post - radiotherapy    −    24   Gy CSI   +   16   Gy boost.  

of spinal metastatic disease  [132] . Eight of the nine patients 
remained in fi rst continuous complete remission (CR) and one, 
with localized disease, relapsed in the spine. This study suggested 
that primary chemotherapy and irradiation, delivered according 
to extent of tumor and response to chemotherapy, was an effec-
tive treatment.  
   •      Similar results were obtained in a larger French study (Societe 
Francaise d ’ Oncologie Pediatrique [SFOP], TGM - TC90 - 92) 
 [117] . All patients with  β  - HCG  < 50   IU/l and AFP  < 12   ng/ml, and 
histologically proven germinoma received four alternating 
courses of etoposide/carboplatin and etoposide/ifosfamide, fol-
lowed by 40   Gy to the tumor bed. A total of 60 biopsy proven 
cases were enrolled between 1990 and 1999 (Table  17.8 a)  [117]  
of which 10 relapsed, eight in the ventricles, either at the margins 
or outside the irradiation fi eld  [133] . It was concluded that, whilst 
the EFS of 83% and OS of 98% were comparable with radio-
therapy alone reports, there was a need to increase the radio-
therapy fi eld to include the ventricles.      

 Comparison of Japanese studies with those from Europe and 
elsewhere is complicated by the differences in classifi cation, and 
in particular the defi nition of an intermediate risk group in 
Japanese series  [134] . In this classifi cation, biopsy proven germi-
noma with high levels of HCG ( > 50   IU/l) are not classifi ed with 
NGGCT or secreting tumors as mixed GCTs but as a higher risk 
group of germinoma. Nevertheless, their experiences in the treat-
ment of pure germinoma, with and without raised HCG (Table 
 17.8 a), support the use of limited fi eld radiotherapy following 
complete response to cisplatin or carboplatin - based chemother-
apy. They chose a total dose of only 24Gy, based on protection 
of the pituitary  [135]  with promising EFS  [134] . Approaches to 
primary surgery varied across this cohort, many undergoing 
primary resection and in eight cases complete removal prior to 
chemotherapy. 

 There have been no randomized studies for the treatment of 
germinoma. The largest international cooperative study reported 
to date, SIOP CNS GCT 96, sought to compare a strategy of 
cranio - spinal RT, at a reduced dose, as established in the preced-

ing MAKEI study, with combined therapy similar to the SFOP 
group  [136] . 
   •      Patients in the RT only group received 24   Gy to the cranio -
 spinal axis, with a further boost of 16   Gy to sites of disease; 
whereas those in the combined treatment group received four 
alternating courses of etoposide/carboplatin and etoposide/ifos-
famide, followed by 40   Gy to the tumor bed.  
   •      Treatment options were allocated in a non - randomized fashion, 
according to National preferences and those of treating institu-
tions. The study recruited patients from 1997 to 2007 with 
interim results based on patients registered to the end of 2003.  
   •      For germinoma, the EFS was 93% for patients receiving RT 
alone ( n    =   113) and 90% for the combined treatment arm ( n    =   57).  
   •      As in the French series, relapses in the combined treatment 
group occurred predominantly in the ventricles. Metastatic 
disease at diagnosis was not a risk factor for recurrence, and there 
was no benefi t of additional chemotherapy in this group, all of 
whom received cranio - spinal radiotherapy. Whilst the majority 
of patients successfully treated for germinoma had a radiological 
CR following treatment (Figure  17.4 ), small residual radiological 
abnormalities were found in 23% of cases with no adverse impact 
on survival  [137] .      

 Interest in the possibility of limited fi eld (whole brain or ven-
tricular fi eld) radiotherapy alone for localized germinoma is 
increasing, and is the subject of ongoing trials. Promising results 
from a number of small reports suggest that it may be possible to 
spare the spine in fully staged germinoma treated with radio-
therapy only  [138] . Assessing the balance between toxicities from 
chemotherapy and radiotherapy is likely to be key to the direction 
of future trials and treatments for germinoma. Determination of 
the minimum effective treatment has been one of the major chal-
lenges for this tumor, since early studies of treatment  [139]  and 
is now more pertinent than ever with EFS in excess of 90%.  

  Intracranial  n on -  g erminomatous  g erm  c ell  t umors 
 NGGCTs comprise a heterogeneous group of tumors, including 
YST (the most common component), choriocarcinoma and EC. 
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   •      They are unifi ed by a poorer prognosis than germinoma and 
have often been described generically as  ‘ secreting GCTs ’  but this 
term is potentially misleading as EC, the least common subtype, 
is not associated with high AFP or HCG and, unlike the others, 
requires histological diagnosis  [113, 114] .  
   •      Single histological subtypes are rarely seen and mixed MGCTs 
containing components of more than one of these, sometimes 
combined with germinoma, are most frequently found. Although 
past treatment of these tumors was similar to that given to 
germinoma, this started to diverge in the 1980s, with chemo-
therapy increasingly employed alongside radiotherapy to improve 
outcomes.    

 As with germinoma, attempts have been made to cure NGGCT 
with chemotherapy alone (Table  17.8 b). Such an approach was 
employed by the French  ‘ SFOP ’  group in the 1990s  [124] . As with 
germinoma, response rates were good, but 12 of 13 patients 
treated with chemotherapy alone relapsed, demonstrating that 
sustained remission could only be achieved with additional RT. 
Similarly Balmaceda et al. reported a 50% relapse rate in 26 
patients treated with chemotherapy alone, thereby suggesting 
that RT was necessary to achieve long - term remission  [118] .     

 Studies employing chemotherapy followed by RT have been 
more successful. Patte et al. reported a series of 38 patients with 
NGGCTs given three or four cycles of carboplatin/VP16 and 
VP16/Ifosfamide, followed by 55Gy focal RT, with EFS of 67% 
 [125] . Similar results were reported from the German MAKEI 
group with BEP and VIP chemotherapy followed by cranio - spinal 
radiotherapy  [136]  and from the USA, where 18 patients received 
three or four cycles of cisplatin and etoposide followed by 55   Gy 
focal RT to localized disease and cranio - spinal irradiation in dis-
seminated tumors, with 4 - year EFS of 67%  [126] . 

 The largest series of NGGCT reported to date (also SIOP CNS 
GCT 96) produced interim results for 122 patients in 2005  [127]  
using four courses of  ‘ PEI ’  chemotherapy (ifosfamide, etoposide 
and cisplatin)  [140] . Following chemotherapy, 54   Gy focal RT 
was delivered to localized tumors and cranio - spinal RT with 

  Box 17.3    General principles of treatment for central 
nervous system non - germinoma. 

    Diagnosis by markers circumvents need for biopsy 

 Primary resection is not benefi cial 

 Neither chemotherapy nor radiotherapy alone suffi cient to cure 

 Treatment with cisplatin and alkylating agent - based chemother-
apy, followed by focal radiotherapy for localized tumors or 
cranio - spinal radiotherapy for metastatic tumors 

 Recommended radiotherapy dose to tumor 54   Gy and 30   Gy to 
areas of subclinical disease in metastatic patients 

 Signifi cant residuals following chemotherapy or radiotherapy 
should be removed 

 High alpha - fetoprotein ( > 10 000   ng/ml) at diagnosis confers poor 
prognosis.  

30   Gy and 24   Gy tumor boost for metastatic cases. EFS was similar 
for localized and metastatic cases (68% and 72% respectively), 
and relapses in the focal RT group almost always involved local 
failure, supporting the use of limited fi eld RT  [141] . AFP levels 
at diagnosis  > 1000   ng/ml and residual disease present at the end 
of treatment were the only signifi cant adverse prognostic factors 
 [142] .    

  Central  n ervous  s ystem  t eratoma 
 The precise incidence of CNS teratomas is unclear because of 
variations in registration of this tumor entity, which is generally 
regarded as benign. They are undoubtedly rare and tend to occur 
in younger children than their malignant counterparts, with a 
small peak occurring in the fi rst year of life. Information regard-
ing their natural history, treatment, and outcome is also relatively 
sparse, and the impact of immature histology has not been sys-
tematically evaluated. Published evidence indicates that complete 

b ca

     Figure 17.5     Non - germinoma (yolk sac tumor) raised AFP; no biopsy; no resection. (a), Diagnosis. (b), Post - chemotherapy. (c), Post - radiotherapy 54   Gy focal.    
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 Endocrine defi cits resulting from direct tumor effects, surgery, 
and radiotherapy to the pituitary area all contribute to loss of 
pituitary hormone function and are in general irreversible  [129, 
116] . The timing of the insult depends on the cause, tumor and 
surgical effects manifesting early with the impact of radiotherapy 
being delayed. The most common defi cit seen at diagnosis is DI 
 [49, 113, 151] . This leads to particular challenges for fl uid man-
agement in cases receiving chemotherapy with platinum or 
alkylating agents accompanied by hyper - hydration  [108] . Growth 
hormone defi ciency is the next most common pituitary defi cit 
seen and may be the presenting manifestation of a suprasellar 
tumor, a second peak of incidence occurring following treatment, 
as a result of radiotherapy damage to the pituitary. Other endo-
crine complications, seen less frequently, include delayed, arrested 
or precocious puberty, and disruption of the ACTH/cortisol and 
thyroid axes, the latter resulting either from pituitary or thyroid 
damage, following spinal radiotherapy. Early involvement of 
endocrinologists in the management of these patients is vital and 
needs to be ongoing through all stages of treatment and in follow 
up. 

 Toxicities of surgery include the following  [103, 105] : 
   •      Hemorrhage.  
   •      Thrombotic complications.  
   •      Ischemia.  
   •      Infection.  
   •      Hemiparesis.  
   •      Seizures.  
   •      DI.  
   •      Cranial nerve palsies.    

 Toxicity from radiotherapy is dependent on dose and fi eld but 
includes the following: 
   •      Pituitary hormone failure (see above). Patients without panhy-
popituitarism caused by the tumor itself are likely to develop it 
as a result of treatment, particularly those with one hormonal 
defi cit at diagnosis.  
   •      Hair loss.  
   •      Neuro - cognitive impairment. Concerns are based on the expe-
rience of severe cognitive sequelae seen in survivors of other, 
mostly posterior fossa, malignant brain tumors  [152] . Evidence 
for signifi cant neuro - cognitive defi cits from the treatment of 
GCTs is limited but the dose of radiotherapy employed, patient 
age and sample size may be responsible for this variation  [129, 
153, 154] .  
   •      Reduced spinal growth in pre - pubertal children.  
   •      Potential damage to organs close to spinal fi eld (thyroid, medi-
astinum, ovaries).  
   •      Second malignancies in radiotherapy fi eld (particularly menin-
gioma, glioma, sarcoma) akin to other tumor types but with some 
evidence specifi c to GCTs  [155, 156] . The addition of chemo-
therapy (particularly alkylating agents) may increase the risk of 
second tumors  [157] .    

 Side effects of chemotherapy used to treat CNS GCTs were 
discussed in the section on complications of treatment of extrac-
ranial GCTs. 

surgical resection is the best predictor of long - term survival, 
whilst there is some evidence of the benefi t of radiotherapy in 
high dose, and anecdotal reports of responses of immature ter-
atoma to chemotherapy  [143 – 145] .   

  The  r ole of  s urgery in the  t reatment of  i ntracranial 
 g erm  c ell  t umors 
 Practices regarding primary surgery in malignant CNS GCTs 
have varied considerably, some groups opting to resect or debulk 
as a primary procedure in both germinoma and non - germinoma. 
However, the evidence for any benefi t of primary surgery is 
lacking  [105, 146]  and the risks associated are very high  [103] . 
   •      Primary surgical intervention in germinoma can therefore 
reasonably be limited to control of intracranial pressure and 
biopsy. Large residuals following chemotherapy are rarely 
reported, but second look surgery to unresponsive cases should 
be undertaken.  
   •      Small residuals at end of treatment for germinoma may not 
require resection and may be observed  [147] .    

 For NGGCT, primary surgery is also of no benefi t, and is rarely 
required for diagnostic purposes, but residuals at the end of treat-
ment impact on outcome and resection should therefore be con-
sidered following chemotherapy or radiotherapy, unless tumor 
markers have not normalized, in which case surgery is unlikely 
to confer any survival benefi t  [104, 130] . Residual disease resected 
after treatment for malignant germ cell tumors has been found 
mainly to consist of teratoma, which is known to be resistant to 
radiotherapy, or necrotic or scar tissue  [104, 132] .  

  Treatment  s trategies for  r elapsed  m alignant  c entral  n ervous 
 s ystem  g erm  c ell  t umors 
 Treatment of relapsed intracranial GCTs may include combina-
tions of platinum - based chemotherapy, surgery, and radiother-
apy, depending on primary treatment received. High dose 
chemotherapy has been described, but the heterogeneity of 
primary treatments received, some introducing radiotherapy for 
the fi rst time at relapse, suggests further work is needed to estab-
lish a role for this approach  [148 – 150] . Salvage of NGGCT, which 
relapse following intensive platinum - based chemotherapy and 
radiotherapy, is unlikely to lead to long - term survival and salvage 
of patients who are resistant to primary treatment is unlikely to 
be successful  [150] .   

  Intracranial  g erm  c ell  t umors:  c omplications 
and  f ollow  u p 
  Complications of  p resentation and  t reatment of  i ntracranial 
 g erm  c ell  t umors and  o verview of  i mportant  l ate  e ffects 
 The midline position of intracranial GCTs results in various com-
binations of raised intracranial pressure, pituitary and hypotha-
lamic dysfunction, and effects on higher intellectual function, 
particularly involving memory and concentration, as a result of 
disruption of the limbic system. These may be exacerbated by 
effects of surgery, chemotherapy, and radiotherapy. 
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   •      Intrathecal chemotherapy using mafosfamide, with etoposide 
and cytarabine, have demonstrated promise in the treatment of 
a variety of brain tumors  [164]  and may be benefi cial in treating 
leptomeningeal MGCT disease.  
   •      Targeted therapy based on the molecular biology of GCTs, 
such as over - expression of c - Kit (CD117) in seminomatous 
tumors  [165] , targeted, unsuccessfully to date  [166] , using 
imatinib.     

  Summary and  f uture  d irections 

 Overall, GCTs have been a success story with survival ever 
increasing  [167] . For extracranial MGCTs, an overall survival in 
the region of 90% does not give the whole picture. In future, 
better risk stratifi cation should allow exploration of new strate-
gies for reducing intensity and toxicity of chemotherapeutic 
regimens, without adversely infl uencing outcomes, in good prog-
nosis MGCTs, and increasing the cure rates for intermediate and 
poor prognosis MGCTs by adapting or intensifying treatment 
strategies  [8, 11, 48, 59, 60, 63, 73, 77, 79, 81, 82] . Similarly, 
intracranial germinoma presently has a EFS in excess of 90%, 
and the future will focus on reduction of side effects and 
improvement in the quality - of - life outcomes. The balance 
between toxicities from chemotherapy and radiotherapy is likely 
to be the main infl uence on future CNS GCT treatment. Non -
 germinomatous CNS GCTs have a relatively inferior survival and 
clarifi cation of risk groups requiring more intensive treatment 
is still required. Whilst the role of surgery is undoubtedly limited 
for CNS germ cell tumors, our understanding of the optimum 
timing of interventions and techniques used will continue to 
evolve, with the result that hazardous procedures are avoided for 

  Quality of  s urvival 
 Psychosocial and physical functioning is infl uenced by age, diag-
nosis, and treatment. Quality of life is worse for NGGCTs, leading 
to poorer functioning than germinoma, and tumors treated with 
radiotherapy. However, there is some evidence that emotional 
and psychological measures were not impaired compared with 
the normal population  [154, 158, 159] .   

  Strategies for  f ollow  u p of  c entral  n ervous  s ystem 
 g erm  c ell  t umors 
 Most recurrences of CNS MGCTs occur within 2 years of fi nish-
ing treatment, and surveillance with MRI scans and measurement 
of serum tumor markers, if raised at diagnosis, should be frequent 
during this time. MRI scans at lower frequency are usually recom-
mended to a total of 5 years from end of treatment. Other follow -
 up interventions need to be focused on expected late effects of 
treatment, described above and should therefore include the 
following: 
   •      Kidneys: both glomerular and tubular function monitored 
closely for the fi rst year, and continued thereafter if abnormal.  
   •      Hearing: defi cits most likely to be picked up within a year of 
fi nishing treatment.  
   •      Auxology.  
   •      Pituitary hormone function.  
   •      Neuropsychological assessments with appropriate support 
instigated as appropriate.  
   •      Regular clinical review with focus on organ specifi c late effects 
as above and occurrence of second malignancies.       

  Novel  t herapeutic  a pproaches 

 Whilst a plethora of anti - neoplastic drugs have been shown to be 
active against MGCTs, there remains a small proportion of 
MGCTs that do not respond to traditional chemotherapeutic 
schedules and progress or relapse despite fi rst or second line 
therapy. In the quest for improved outcomes in this group of 
patients, there are many new, or re - invented, agents or approaches 
with potential promise. 
   •      Topoisomerase I compounds (e.g. irinotecan, topotecan) in 
combination with paclitaxel and oxaliplatin have shown particu-
lar promise in phase II trials in heavily pre - treated multiply 
relapsed GCTs of adults  [160] .  
   •      Thalidomide has displayed activity as a single agent in platinum 
unresponsive MGCTs  [161] .  
   •      Anti - angiogenesis drugs have shown impressive  in vitro  activity 
in combination with carboplatin  [162] .  
   •      High dose therapy and autologous stem cell rescue is impressive 
in multiply relapsed adult TGCTs  [100] , but was disappointing 
in a retrospective international review of childhood extragonadal 
MGCTs across Europe  [101] .  
   •      Regional hyperthermia has been explored, in an attempt to 
increase the local effect of anti - neoplastic drugs for relapsed 
MGCTs, particularly in SCTs  [163] .  

  Box 17.4    Recognized risk factors for recurrence of 
childhood non - central nervous system germ cell 
tumors (GCTs)  [150 – 160] . 

    High stage is associated with worse outcomes, and stage IV the 
worst. 

 Gonadal site has the best outcome, especially if completely 
excised. Stage IV gonadal GCTs are sometimes regarded as inter-
mediate rather than high risk tumors. 

 Non - gonadal GCTs do less well, although are often higher stage 
at diagnosis. Of these vaginal, uterus, and prostate are favorable 
sites, whilst mediastinal and sacrococcygeal teratoma are 
unfavourable. 

 Increasing age ( > 11 – 12 years) is an adverse risk factor, particu-
larly for extragonadal GCTs 

 Raised markers, alpha - fetoprotein  > 10 000   ng/ml and human 
chorionic gonadotrophin ( > 5000   IU/l are associated with signifi -
cantly worse event - free survival  
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   Introduction and  h istorical  p erspective 

 Retinoblastoma is a rare childhood cancer of the retina, and may 
have been one of the fi rst diseases in which it was observed that 
excessive tissue growth led to death. Tumor growth in the ante-
rior chamber of the eye and surrounding peri - ocular tissue could 
have been readily visualized in ancient times without specialized 
equipment, leading to the early understanding that this condition 
was virtually always fatal. Indeed, antiquities have been described 
that depict children with retinoblastoma  [1] . Following the 
formal description of retinoblastoma in 1809 by James Wardrop 
 [2] , clinical experience with the therapy of retinoblastoma has 
highlighted important advances in therapy and the understand-
ing of cancer etiology: 
   •      Several of the earliest attempts to treat cancer were carried out 
on retinoblastoma patients, including the use of surgical enuclea-
tion  [3, 4] , radiation therapy  [5]  and chemotherapy with nitrogen 
mustard  [6] .  
   •      The modern modalities of combination chemotherapy evolved 
from institutional experience of the treatment of this disease in 
the 1960s and 1970s  [7,8] .    

 As retinoblastoma survivors grew up to have their own fami-
lies, it became clear that some were transmitting retinoblastoma 
susceptibility to their children in a Mendelian - dominant fashion. 
Based on this pattern of inheritance, the age of onset, and pres-
entation of the disease (multifocal bilateral versus focal unilat-
eral), Alfred Knudson proposed the existence of a recessive tumor 
suppressor gene in 1971  [9] . Specifi cally, he hypothesized that 
both copies of a putative tumor suppressor gene must be mutated 
for retinoblastoma to form. Knudson reasoned that children who 
inherit a defective copy of the putative tumor suppressor gene are 
much more likely to sustain a second mutation in their normal 
allele during retinal development and develop multifocal bilateral 
retinoblastoma at an early age. In contrast, children who develop 
sporadic retinoblastoma must sustain two inactivating mutations 

to affect each allele in the same cellular lineage. The lower statisti-
cal probability of these combined events would result in fewer 
lesions (unilateral unifocal retinoblastoma) and a later age of 
onset that is precisely what is observed clinically. 

 Knudson ’ s hypothesis was verifi ed in 1986 with the identifi ca-
tion and cloning of the fi rst tumor suppressor gene,  RB1 , from 
families with retinoblastoma  [10] . It was later discovered that the 
retinoblastoma (Rb) pathway is disrupted in virtually every 
human cancer  [11]  and this has led to a rapid increase in research 
on the  RB1  gene (located on chromosome 13q1.4) and protein 
over the past three decades. Despite these advances in our under-
standing of the Rb gene and pathway, only recently has laboratory 
research had an impact on the clinical management of retinoblas-
toma. In this chapter we will discuss our current understanding 
of the epidemiology, presentation and treatment of retinoblast-
oma along with recent developments for the modeling of retino-
blastoma in mice and how those studies have led to novel 
therapeutic approaches. We will also discuss recent genetic 
studies to identify secondary genetic changes in retinoblastoma 
following  RB1  gene inactivation and new drugs that specifi cally 
target those genetic perturbations.  

  Epidemiology   (Box    18.1   )   

     Retinoblastoma is the most common pediatric cancer of the eye 
accounting for approximately 3% of all childhood cancers. There 
is no retinoblastoma predisposition by geographic origin or 
gender. Retinoblastoma affects very young children and is the 
third most common form of cancer in infants after neuroblast-
oma and leukemia  [12] . 
   •      Overall, retinoblastoma is a rare cancer with an incidence 
between 1:14 000 and 1:34 000 live births for a total of approxi-
mately 300 cases per year in the United States, 115 cases per year 
in Western Europe and 5000 – 10 000 cases per year worldwide.  
   •      The majority of retinoblastomas (90%) are diagnosed by 5 
years of age with a median age of diagnosis of 18 months.  
   •      There have been some reports of overlap of epidemiological 
risk factors for the development of retinoblastoma and papilloma 
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above, this refl ects the inheritance of one defective copy of the 
 RB1  gene from an affected parent (15 – 25% of cases) or a new 
germ line mutation (75 – 85% of cases).  
   •      The remaining 60% of retinoblastoma cases typically present as 
unifocal unilateral disease. In these cases, both copies of the  RB1  
gene are mutated in a developing retinal cell. The lower statistical 
probability of inactivation of two alleles in a single cellular lineage 
is believed to account for the unifocal and unilateral disease pres-
entation  [9] .  
   •      The average age of diagnosis for bilateral retinoblastoma is 
around 12 months and for unilateral retinoblastoma it is 24 
months. If there is a family history, the median age of diagnosis 
is younger because of more frequent genetic tests and monitoring 
to determine if the child inherited a defective copy of the  RB1  
gene. When the disease is familial, the penetrance exceeds 90% 
in subsequent generations. Clinically and histologically, the herit-
able and sporadic forms of retinoblastoma are indistinguishable 
from one another. This is consistent with the common initiating 
genetic event in retinoblastoma,  RB1  gene inactivation  [16] .     

  Investigation and  s taging 
 Typically, examination under anesthesia (EUA), ultrasound 
scans, magnetic resonance imaging (MRI) and histological exam-
ination can all play a role in the diagnosis and staging of retino-
blastoma  [16] : 
   •      Ophthalmosocopy (and in particular indirect ophthalmoscopy 
for the visualization of anterior lesions of the eye) reveals retino-
blastoma to have a white appearance with angiomatoid dilatation 
of the associated blood vessels. In order to visualize the entire 
retina, an examination under anaesthetic is required, and the 
retina must be examined after maximal pupil dilatation with 
scleral indentation needed to determine the number of tumors, 
their size, and situation in the retina whether or not there are 
tumor foci in the peripheral retina and the presence or not of any 
sub - retinal fl uid and vitreal seeds. In more advanced cases, 
hyphema, glaucoma, or infl ammation may also be present.  
   •      Ocular ultrasound demonstrates a tumor that has increased 
echogenicity in comparison to the vitreous, with fi ne calcifi cation 
and retinal detachment observed in exophytic tumors.  

virus infection (HPV)  [13] . Interestingly, human papillomavirus 
(HPV) genomic DNA has been detected in retinoblastomas from 
patients with these overlapping epidemiological risk factors in 
developing countries  [13] . This has led to the hypothesis that 
HPV may contribute to retinoblastoma progression through the 
activity of the E7 and E6 viral oncoproteins. It is not known if 
this is due to the inactivation of the Rb pathway, the p53 pathway, 
or other pathways targeted by E7 and E6. Clearly, there may be 
some complex epidemiological factors that contribute to retino-
blastoma progression and careful molecular, cellular, and bio-
logical studies are required to follow up on the signifi cance of 
overlapping epidemiological risk factors.  
   •      Recently, an elevated risk of retinoblastoma in children born 
after  in vitro  fertilization (IVF)  [14]  was reported in the 
Netherlands. However, subsequent analysis of retinoblastoma 
incidence in children born after IVF throughout the world has 
shown no increase relative to children born without IVF  [15] . 
The mechanism underlying the increased retinoblastoma inci-
dence in the children born by IVF in the Netherlands is not 
known but retinoblastoma predisposition should be closely mon-
itored in children born by IVF to determine if there may be an 
epigenetic component to this increase as a result of current labo-
ratory procedures used for assisted reproduction.     

  Clinical  p resentation and  i nvestigation  
 (Box    18.2   )   

  Presentation     
 In many cases, retinoblastoma is fi rst detected by a parent or 
health professional as an abnormal pupillary refl ex (leukocoria) 
or squint (strabismus). One of the major challenges with the 
clinical presentation of retinoblastoma is delayed diagnosis, and 
other clinical signs at presentation include iris rubeosis and 
orbital cellulitis  [16] . Other non - malignant differential diagnoses 
need to be excluded by an expert team. There are two clinical 
forms of retinoblastoma: 
   •      For approximately 40% of cases, the disease presents as a hered-
itary form that tends to be bilateral and multifocal. As mentioned 

  Box 18.1    Epidemiology of retinoblastoma. 

        •      Incidence is between 1 in 14 000 and 1 in 34 000 live births  

   •      90% of cases diagnosed by the age of 5 years  

   •      Median age of diagnosis 12 months for bilateral disease and 
18 months for unilateral cases.  

   •      40% of cases hereditary with bilateral and multifocal features  

   •      RB1 tumor suppressor gene mutations as a paradigm for 
understanding of cancer predisposition  

   •      Genetic counselling is always proposed and screening offered 
where appropriate     

  Box 18.2    Presentation, investigation and grouping 
of retinoblastoma. 

        •      Leucocoria and squint predominate as clinical fi ndings  

   •      Direct and indirect ophthalmoscopy under general anesthetic 
required for adequate examination  

   •      Magnetic resonance imaging scans to defi ne involvement of 
the optic nerve, anterior chamber, ocular fat and central 
nervous system extension  

   •      Clinical risk grouping systems (Reese - Ellsworth and ABC 
Classifi cation) help to predict success, in terms of ocular 
preservation, of conservative therapies     



Part III Solid Tumors of Childhood

308

   •      Computerized tomography describes an enhancing mass with 
a higher density than the vitreous.  
   •      MRI scans are the investigation of choice to defi ne the clinical 
extension to structures such as the optic nerve, anterior chamber 
of the eye or ocular fat, and also extension into the central nervous 
system (CNS) or the occurrence of the trilateral form of the 
disease as described below. Typically, retinoblastoma demon-
strates higher signal intensity than the vitreous on T1 - weighted 
imaging, and a relatively lower signal of T2 - weighted sequences 
 [17] .    

 Retinoblastoma tumor growth has been classifi ed into three 
patterns. 
   •      Endophytic retinoblastoma tumor growth is characterized by a 
disruption in the retinal inner limiting membrane and the tumor 
appears as a white mass with small and disorganized tumor -
 associated blood vessels. Vitreous seeding often accompanies 
endophytic retinoblastoma and it is believed that these small 
fragments of tumor can initiate new foci if they become juxta-
posed to the normal retinal vasculature.  
   •      Exophytic retinoblastoma tumor growth is characterized by 
expansion in the sub - retinal space and is often associated with 
retinal detachment. In this type of retinoblastoma growth, tumor 
cells can invade the choroids through Bruch ’ s membrane and 
invade the associated vasculature. The vasculature in the overly-
ing retina appears abnormally patterned and may become larger. 
However, it is not uncommon for tumors to exhibit features of 
both endo -  and exophytic growth.  
   •      The third pattern of retinoblastoma growth is the diffuse infi l-
trating type. This is a rare form of retinoblastoma growth making 
up only 1 – 3% of tumors and is characterized by tumor infi ltra-
tion of the retina without a discrete mass, often grows more 
slowly than exophytic or endophytic retinoblastoma growth, and 
the differential diagnosis of this condition is diffi cult also  [18] .      

  Classifi cation,  h istopathological  v ariants, and 
 m olecular  o ncology 

  Clinical  r isk  g rouping 
 There are currently two main grouping systems in use for retino-
blastoma. The Reese - Ellsworth (Table  18.1 ) was developed in the 
1960s at a time when most children received external beam radio-
therapy as their conservative treatment  [19] , and is used to deter-
mine the likelihood of the success of preserving vision for children 
with intra - ocular disease. There are fi ve groups in the Reese -
 Ellsworth system based on the number of lesions, the size of the 
lesions, and their location including the presence of vitreal seeds 
and the probability of success of conservative treatment through 
external beam radiotherapy.   

 Similarly, the ABC grouping system for Intraocular 
Retinoblastoma (Table  18.2 ) has been developed to predict the 
success of conservative approaches to modern treatments, in 
terms of the chances of ocular salvage and vision preservation in 
accordance with age, tumor location, vitreous seeding, and retinal 

  Table 18.1    Reese - Ellsworth Retinoblastoma Grouping System. 

   Group I (very favorable)   
     Ia     Single tumor mass smaller than 4   dd, at or behind the equator  
  Ib     Multiple independent tumors smaller than 4   dd, all at or behind equator     

   Group II (favorable)   
     IIa     Single tumor 4 – 10   dd, at or behind equator  
  IIb     Multiple tumors 4 – 10   dd, at or behind equator     

   Group III (doubtful)   
     IIIa     Any tumor anterior to equator  
  IIIb     Single tumor larger than 10   dd, behind equator     

   Group IV (unfavorable)   
     IVa     Multiple tumors with some larger than 10   dd  
  IVb     Any tumor extending anterior to the ora serrata     

   Group V (very unfavorable)   
     Va     Massive tumors involving more than half the retina  
  Vb     Vitreous seeding     

   dd, optic disc diameter.   

  Table 18.2    The  ABC  Grouping System. 

   Group A: small tumors away from the fovea and disc   
      •      Tumors  < 3   mm in greatest dimension and confi ned to the retina and  
   •      Located at least 3   mm from the foveola and 1.5   mm from the optic disc     

   Group B: all remaining tumors confi ned to the retina   
      •      All other tumors confi ned to the retina and not in group A  
   •      Subretinal fl uid (without subretinal seeding)  < 3   mm from the base of the 

tumor     

   Group C: local subretinal fl uid or vitreous seeding   
      •      Subretinal fl uid alone  > 3   mm and  < 6   mm from the tumor  
   •      Vitreous or subretinal seeding  > 3   mm from the tumor     

   Group D: diffuse subretinal fl uid or seeding   
      •      Subretinal fl uid  > 6   mm from the tumor  
   •      Vitreous or subretinal seeding  > 3   mm from the tumor     

   Group E: presence of any one or more of these poor prognosis features   
      •      More than two - thirds of the globe fi lled with tumor  
   •      Tumor in the anterior segment or anterior to the vitreous  
   •      Tumor in or on the ciliary body  
   •      Iris neovascularization  
   •      Neovascular glaucoma  
   •      Opaque media from hemorrhage  
   •      Tumor necrosis with aseptic orbital cellulitis  
   •      Phthisis bulbi     
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detachment  [20] . Plate  18.1  illustrates examples of localized and 
extensive intraocular disease. Another recent classifi cation (Table 
 18.3 ), as proposed by Chantada  [21]  relates directly to survival 
but not to ocular preservation.    

  Histopathology 
 Only a small number of histological features have been described 
in retinoblastoma including the Flexner - Wintersteiner and 
Homer - Wright rosettes  [22] . Despite the classically better prog-
nosis of the differentiated form of retinoblastoma, histological 
subtype has not been reproducibly found to relate to prognosis. 
More importantly, retinoblastoma is one of the few cancers for 
which there is a defi nitive diagnosis without histopathological 
review. This is because surgery is not performed for retinoblast-
oma due to the high risk of dissemination of the tumor outside of 
the eye as a result of surgical biopsy. Therefore, it is impossible to 
classify tumors by histopathological criteria and predict response 
to therapy. However, the following features can be discussed: 
   •      For the largest tumors that require enucleation, the most 
important features of retinoblastomas that infl uence adjuvant 
treatment are the extent of optic nerve, choroidal/scleral and 
anterior segment invasion.  
   •      When tumor size and location allow conservative approaches, 
the most important features that infl uence the success of these 
treatments are the presence of vitreal and sub - retinal seeds.     

  Vitreous  s eeding 
 Vitreal seeds are small clusters of retinoblastoma cells ranging 
from tens to hundreds of cell that are free - fl oating in the vitreous. 
The presence of extensive vitreal seeding in retinoblastoma is an 
important risk factor for conservative treatment outcome and is 
refl ected in the retinoblastoma staging systems discussed above. 
Vitreal seeds are believed to be largely quiescent because they do 

  Table 18.3    International Classifi cation of Retinoblastoma (staging system). 

     Stage 0     Conservative treatment subject to pre - surgical ophthalmic 
classifi cation  

  Stage I     Eye enucleated and resected histologically  
  Stage II     Eye enucleated with microscopic residual tumor (extrascleral disease 

and/or optic nerve margin and/or subarachnoid space involvement)  
  Stage III     Regional extension of retinoblastoma  

  IIIa     Overt orbital disease  
  IIIb     Pre - auricular and/or cervical lymph node extension    

  Stage IV     Metastatic disease  
  IVa     Hematogenous metastasis  

  (1)     Single lesion  
  (2)     Multiple lesion    

  IVb     Central nervous system metastasis  
  (1)     Pre - chiasmatic lesion  
  (2)     Central nervous system mass  
  (3)     Leptomeningeal disease         

not tend to get noticeably larger over time as visualized with the 
ophthalmoscope. As the seeds settle near the retinal vasculature 
it is believed that they re - enter the cell cycle and begin to form 
new tumor foci. Tumor cell seeds which grow in the sub - retinal 
space, when there is a localized or total retinal detachment in the 
exophytic forms of retinoblastoma, raise the same kind of chal-
lenges as vitreous seeds because of slower cell division and the 
lower access of the drugs.  

  Origin of  r etinoblastoma 
 A recent study has described some of the morphological changes 
that occur in mouse and human retinoblastomas as they progress 
and some hypotheses regarding the cell - of - origin for retinoblas-
toma have been discussed  [23]  . 

 It is believed that most human retinoblastomas are made up 
of undifferentiated tumor cells that have high mitotic indices and 
resemble retinal progenitor cells  [23 – 25] . There is emerging con-
sensus in the fi eld that retinoblastomas arise from retinal pro-
genitor cells during development of the retina  [26] . There are 
several lines of evidence to support this hypothesis. 
   •      Firstly, tumors clearly initiate  in utero  and premature babies 
have been delivered that have retinoblastoma already established 
 [27] .  
   •      Secondly, the likely mechanism for mutations in the  RB1  gene 
is through errors in DNA replication that only occurs in retinal 
progenitor cells during fetal development  [28] .  
   •      Thirdly, the retinoblastoma cells express markers of retinal pro-
genitor cells and have many ultrastructural features of these cells 
 [28] .  
   •      Finally, whereas tumors in the very young tend to affect the 
posterior pole of the retina, those found with follow up or for 
older children affect mainly the anterior part of the retina, a 
fi nding that may have a basis in the ontogeny of this structure  [1] .    

 However, even if retinoblastoma arises from a retinal progeni-
tor cell, it does not preclude the possibility that the tumors may 
exhibit some morphological features of more differentiated 
retinal cells  [28] . Thus, it is likely that Verhoeff  ’ s original pro-
posal in the 1920s that retinoblastoma arose from embryonic 
retinal cells was correct and that any differentiated features of 
retinoblastoma cells are the consequence of the competence state 
of these progenitor cells, and the development of the fi rst knock-
out mouse model of retinoblastoma and subsequent studies on 
retinoblastoma differentiation have provided valuable insight 
into this process  [29, 30] . 

 Contemporary molecular biological techniques have allowed 
the characterization of the gross deletions and insertions in the 
RB1 gene for patients with retinoblastoma. For example, carriers 
of cytogenetic and submicroscopic whole  RB1  gene deletions 
mostly have unilateral tumors, and almost all patients with gross 
deletions with one breakpoint in RB1 have bilateral disease  [31] . 
Furthermore, gain of chromosome 1q, 2p, 6p and 13q, and loss 
of 16q may play a part in retinoblastoma oncogenesis, and these 
observations are leading to further work to investigate candidate 
genes with oncogenic and tumor - suppressor function, and also 
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 The most important features of retinoblastomas that predict 
metastatic progression are the extent of optic nerve, and invasion 
of the choroid and sclera, and anterior segment invasion is a less 
classic histological criteria, but also seems to be of value. At this 
time little is known about the genetic, molecular, or cellular 
changes that accompany metastatic retinoblastoma progression, 
although deletion of 1p and MYCN amplifi cation is found more 
frequently in intraocular retinoblastoma  [16] . Preventing meta-
static retinoblastoma is highly important. This may be facilitated 
both by avoiding inappropriate and prolonged conservative 
attempts in the case of treatment failure, and by taking into 
account the histopathological risk factors that determine the need 
for adjuvant treatment. When metastatic disease occurs, the most 
successful approach for treating metastatic retinoblastoma cur-
rently involves intensifi ed chemotherapy, and this will be dis-
cussed in more detail later in this chapter.   

  General  p rinciples of  t reatment for 
 r etinoblastoma  (Box  18.3 )      

 Many factors, in relation to tumor size, stage/grouping, age, and 
visual status need to be taken into account when deciding upon 
treatment for retinoblastoma, but: 
   •      The fi rst goal of retinoblastoma treatment is to preserve life, 
including performing enucleation when the intraocular tumors 
are not amenable to conservative approaches, and adjuvant treat-
ment when this is indicated according to risk grouping and 
histology.  
   •      If possible, the second aim is to preserve the eye, since enuclea-
tion is a radical procedure and should be avoided every time it is 
possible, even if no vision can be salvaged.  
   •      Finally, the third aim is to preserve as much vision as possible, 
depending on the tumor site and size.    

their biological signifi cance in terms of epigenetic phenomenon 
such as gene promoter methylation  [32] .  

  Trilateral  r etinoblastoma 
 The term trilateral retinoblastoma refers to a patient who has 
bilateral retinoblastoma and a second intracranial malignancy 
generally several months or years later, a phenomenon that has 
the following characteristics  [33] . 
   •      The average time of diagnosis between retinoblastoma and the 
intracranial malignancy is 35 months.  
   •      In most cases, the second tumor is a pinealoblastoma. This is 
not surprising because many of the genes and pathways that regu-
late retinal development also regulate pineal development.  
   •      The pinealoblastomas have some histopathological features in 
common with retinoblastoma but detailed studies of human or 
mouse pinealoblastoma have not been carried out.  
   •      Pinealoblastomas are highly invasive and usually fatal. Prior to 
the widespread use of systemic chemotherapy for the treatment 
of retinoblastoma, 3 – 6% of bilateral retinoblastoma patients 
went on to develop pinealoblastoma.    

 However, with the use of systemic broad - spectrum chemo-
therapy, pinealoblastoma and trilateral retinoblastoma incidence 
has decreased signifi cantly. This is an important consideration as 
we move forward with locally delivered chemotherapy. It is likely 
that trilateral retinoblastoma may increase in bilateral retinoblas-
toma patients and will require at least some form of systemic 
chemotherapy. It is also likely that another factor that may have 
contributed to the reduction in incidence of pinealoblastoma in 
bilateral retinoblastoma patients is the reduction in external 
beam radiotherapy that coincided with the increased use of sys-
temic chemotherapy. Long - term follow up in patients who 
receive ocular chemotherapy without radiotherapy will allow us 
to determine the relative contribution of these two mechanisms 
underlying the induction of trilateral retinoblastoma.  

  Metastatic  r etinoblastoma 
 The challenges, in terms of ocular salvage and patient survival for 
this poor prognosis disease, are well described in the face of 
metastatic retinoblastoma  [16, 34] . Retinoblastoma can metasta-
size via several different routes depending on its pattern of growth 
in the eye, and extra - retinal involvement may increase the risk of 
extra - ocular disease. 
   •      If the tumor invades the choroid, it often invades the extensive 
choroidal vasculature that may provide a route for distant 
metastases.  
   •      In more advanced cases, the tumor can penetrate directly 
through the sclera into the peri - orbital tissue (as in localized 
disease also).  
   •      Tumor cells that have invaded the anterior segment often 
metastasize to the regional lymph nodes.  
   •      Optic nerve invasion can also lead to intracranial metastases, 
especially in cases undergoing enucleation where tumor involve-
ment of the resection margin of the optic nerve and involvement 
of the subarachnoid space is demonstrated.    

  Box 18.3    Treatment and prognosis of 
retinoblastoma. 

        •      Overall aim is to preserve vision and avoid enucleation where 
possible  

   •      Chemoreduction with vincristine, carboplatin, and etoposide 
mainstay of initial therapy, with a variety of local techniques 
such as cryotherapy, photocoagulation and brachytherapy 
successful in international experience  

   •      External beam radiotherapy utilized for more extensive 
disease  

   •      Improving local delivery with subconjunctival and intra -
 arterial delivery is being evaluated  

   •      Metastatic disease still carries a very poor prognosis  

   •      Late effects relate to disease, genetic background and to 
therapy and include poor vision and eye damage (such as 
cataract) and second cancers     
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as attempts to spare the anterior retina have met with a higher 
risk of anterior retinal relapse, and a dose of 45   Gy external beam 
radiotherapy appears to be suffi cient for local control for tumors 
smaller than 10 disc diameters in size  [43]  or for Reese - Ellsworth 
Group I – II tumors  [44] , and larger or more extensive tumors 
may require higher doses of irradiation.  

  Focal  t herapies 
 Brachytherapy with ruthenium 106 or iodine125 plaque therapy 
has a long - established role as a focal therapy for anterior tumors 
with vitreous seeding  [16] , has been evaluated in the context of 
disease following failure of chemoreduction, and also for the 
control of extrascleral disease following enucleation. Although 
not entirely free of late sequelae, this modality may be expected 
to be associated with fewer late effects in terms of irradiation to 
surrounding tissues than external beam irradiation  [45] . 

 Chemotherapy and focal techniques such as cryotherapy can 
allow the successful treatment of retinoblastoma without the 
requirement for enucleation or external beam radiotherapy  [46] . 
Cryotherapy is employed for small localized tumors without vit-
reous seeding and that are not in the vicinity of the macula and 
are anterior to the equator  [47] . This approach can be repeated 
as necessary when the patient is undergoing an examination 
under anesthesia. However, for multiply recurrent tumors, other 
focal treatments should be envisaged (such as laser or brachy-
therapy); the key limiting factors for cryotherapy are the size and 
location of the tumor  [16] . 

 Laser photocoagulation is used to both kill tumor cells and to 
interrupt the blood supply to the tumor. This approach is only 
useful for smaller tumors, but allows repetitive application to 
tumors, including the foveal area of the retina, and alongside 
chemotherapy, can result in durable control of localized disease 
 [48] . A further approach that is used in combination with carbo-
platin chemotherapy is chemo - thermotherapy. This technique 
relies upon transpupillary thermotherapy shortly after adminis-
tration of systemic carboplatin and is most effective for small -  or 
medium - sized tumors that are less than 12   mm in diameter  [49] .  

  Treatment of  l ocalized  u niocular  d isease 
 The general approach to the treatment of localized retinoblast-
oma has changed over the past 10 years, with individual centers 
advocating an approach to therapy that has the dual aims of 
avoidance of enucleation and preservation of vision  [16, 35, 46] . 
Current treatment strategies generally employ combinations of 
local therapies and systemic chemotherapy for this purpose, with 
the general principles of: 
   •      Every effort is made to preserve sight, with initial chemoreduc-
tion to reduce tumor volume and enable the local therapies 
described above to consolidate the effects of chemotherapy.  
   •      Radiotherapy for advanced disease.     

  Treatment of  e xtensive  u niocular  d isease 
 Even with contemporary treatment strategies, enucleation is still 
often required for extensive (e.g. Reese Ellworth Group V 

 The recently published experience of conservative treatments 
for intraocular retinoblastoma from the Institute Curie in Paris 
highlights the contemporary approaches to treatment with chem-
oreduction, chemothermotherapy, cryotherapy, brachytherapy, 
and local therapy that are now achieving satisfactory rates of 
tumor control and a low need for external beam radiotherapy 
 [35] . The general principles that guide the relative contribution 
of each of these treatment modalities is described below. 

  Chemotherapy for  r eduction of  l ocal  d isease and 
 s ystemic  c ontrol 
 Chemotherapy with combinations of the agents vincristine, car-
boplatin, and etoposide are the most commonly employed in 
contemporary treatment protocols for retinoblastoma, and in 
particular the chemoreduction of unilateral retinoblastoma 
in order to salvage the affected eyes and vision alongside local 
therapies. Chemotherapy has been found to lower the need for 
enucleation or external beam radiotherapy in institutional series, 
but this effect is greater for those patients with more localized 
disease with ocular salvage rates of 70 – 80% with localized com-
pared with only 30 – 50% for more extensive intraocular disease 
 [35 – 37] . 

 Experience is also being reported for the use of subcon-
junctival carboplatin  [16, 38]  as a means for ocular salvage. In 
the setting of systemic administration, over 90% of tumors will 
respond to single agent carboplatin  [39] , and subconjunc-
tival administration affords high vitreal concentrations of this 
agent than that achieved by systemic administration  [38] . The 
utility of this subconjunctival therapy is currently being evalu-
ated in the setting of therapy with systemic chemotherapy and 
local treatments for patients with vitreous seeding. In addition  
increased local delivery of chemotherapy with melphalan by the 
intra - arterial route is also being evaluated in an effort to reduce 
enucleation rates  [40] .  

  Surgery 
 For patients with advanced unilateral disease, if there is no chance 
of preserving vision in an eye with retinoblastoma, enucleation is 
performed, provided that there is no rupture of the ocular globe 
and the optic nerve is of suffi cient length. Also, surgical proce-
dures must take into account the requirement for careful patho-
logical sampling for genetic analyses. Following enucleation, 
prosthetic implants, such as polymer - coated hydroxyapatite 
globes, are generally employed for cosmetic purposes, and also to 
promote bony growth of the residual socket  [41] .  

  External  b eam  i rradiation 
 Although the mainstay of conservative therapy for localized retin-
oblastoma before the advent of chemoreduction and other con-
temporary local treatments, external beam radiotherapy is now 
mainly employed for the therapy of advanced disease, especially 
when there is diffuse vitreous or subretinal seeding after failure 
of other methods of treatment and when preservation of vision 
is still a priority  [16, 42]  . Radiation is given to the entire retina 
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   •      The same factors plus vitreous seeding are risk factors for the 
eventual use of external beam irradiation  [35] ; female gender and 
greater number of chemoreduction treatments have also been 
reported  [53] .  
   •      The risk factors for eventual enucleation (20 – 30% of cases) 
include advanced disease and sub - retinal seeds  [35] , tumor thick-
ness, and tumor recurrence and older age at presentation have 
also been reported  [53] .  
   •      The risk factors for extraocular relapse follow enucleation after 
failure of chemoreduction for retinoblastoma include scleral 
invasion and bilateral enucleation  [54] .    

 Although chemoreduction with agents such as vincristine, 
etoposide and carboplatin is an established practice for the 
treatment of retinoblastoma, there is a paucity of studies to relate 
patient outcomes with known cellular and molecular determi-
nants of chemosensitivity for retinoblastoma. However, although 
 in vitro  drug sensitivity, as measured by means of the MTT assay, 
does not relate to tumor characteristics such as invasion and 
seeding, the relative chemosensitivity of undifferentiated tumors 
and lack of effi cacy of cytosine arabinoside has been identifi ed 
 [55] . The effi cacy of the chemotherapy agents vincristine, etopo-
side and anthracyclines could be impaired by the multi - drug 
resistance - associated protein MDR1, and although MDR1 posi-
tivity is more prevalent post - chemotherapy for patients with 
retinoblastoma, which may indicate MDR1 as a mechanism for 
resistance  [56] , MDR1 has not been found to relate to response 
 [57]  or histological invasiveness  [58] . Therefore, the 60% response 
rate of retinoblastoma tumors to single agent idarubicin results 
may not relate to cellular factors such as MDR1, but to down-
stream determinants of cellular engagement of apoptosis  [59] .  

  Strategies for  f ollow  u p and  o verview of 
 i mportant  l ate  e ffects 

 EUA is routinely performed at different time intervals after treat-
ment is complete. The timing of the examinations depends on 
the age and particular presentation at diagnosis, the genetic coun-
seling and the response to therapy. For children at risk of devel-
oping retinoblastoma, screening is typically carried out every 
month in the very young, and then at gradually increasing inter-
vals of time thereafter, typically throughout childhood and 
increasingly, early adult life. However, it is recognized that insti-
tutional surveillance programs carry with them a signifi cant 
impact on the patient, family, and hospital resources  [60] , and 
the late - effects burden for children with retinoblastoma is well 
characterized as follows: 
   •      Chemoreduction and local control strategies result in over 80% 
vision salvage rates for Reese - Ellsworth Groups I – IV tumors, but 
only a 20% success for group V retinoblastoma  [61] . The quality 
of preserved vision remains a function of tumor location and 
absence of subretinal fl uid, with tumor margins at least 3   mm 
from the foveola predictive of eventual visual acuities of 20/40 or 
better  [62] . Indeed, visual acuity for almost one - half of patients 

tumors), but the role of adjuvant chemotherapy with agents such 
as carboplatin - etoposide or vincristine - cyclophosphamide - doxo-
rubicin is uncertain, although benefi t is clearer for patients with 
stage II disease. External beam or interstitial radiotherapy can be 
employed in the case of microscopically - incomplete resection of 
tumor  [16, 35] .   

  Treatment of  b ilateral  r etinoblastoma 

 For children with bilateral retinoblastoma, conservative appro-
aches aimed to preserve vision in at least one eye have been 
developed. The relative use of conservative measures depends on 
the number of tumors, their situation in relation to the optic disc 
and macula, the degree of retinal detachment, the extent of inva-
sion of the vitreous and pre - retinal space, age at diagnosis, and 
family history of retinoblastoma  [16] .  

  Factors that  r elate to  p rognosis 

 The survival from a diagnosis of retinoblastoma in Western 
industrialized countries is excellent with more than 95% of chil-
dren surviving their disease  [50, 51] . Therefore, outcome meas-
ures for children with retinoblastoma are more related to 
considerations such as preservation of vision, ocular salvage, and 
the avoidance of enucleation and external beam irradiation than 
survival. The relative contribution of the various treatment 
modalities to eventual success or failure is obviously complex 
due to the different modalities of therapy employed, but certain 
inferences may be drawn from the literature with respect to 
prognosis: 
   •      Treatments should be given in specialized onco - ophthalmolog-
ical centres.  
   •      For retinoblastoma treated with primary chemotherapy alone, 
the 72% of patients with disease that included the features of 
location in the macula, measuring greater than 2   mm in diameter 
or patient age older than 2 months was more likely not to require 
other therapies for control  [52] .  
   •      For retinoblastoma treated with radiotherapy alone, the likeli-
hood of control relates to the extent of disease as defi ned by the 
Reece - Ellsworth Group classifi cation, with 79% of Group I – II 
eyes and 20% of Group III – V eyes being controlled by 45   Gy of 
external beam irradiation. A similar effect was also found for 
tumor size, with lesions larger than 15   mm less likely to be con-
trolled than smaller lesions  [44] .    

 Contemporary institutional studies also highlight the factors 
that relate to ocular relapse, the need for external beam irradia-
tion, and enucleation following treatment with chemoreduction 
and local therapies. 
   •      The risk factors for ocular relapse include Reese - Ellsworth 
Group V and ABC Classifi cation Group D eyes and the presence 
of subretinal seeds  [35] .  
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  Novel  t herapeutic  a pproaches 

 In this section, we will discuss the role of experimental therapeu-
tic approaches in helping to defi ne novel combinations of chemo-
therapy agents for the treatment of retinoblastoma. For example, 
preclinical studies have revealed that the combination of topote-
can and carboplatin is more effective than carboplatin and vinc-
ristine, or carboplatin, vincristine and etoposide in the xenograft 
setting for retinoblastoma  [72] , and this information may help 
promote the study of topotecan now that phase I evaluation of 
this agent in children is complete  [73] . Other novel approaches 
to therapy has seen the encouraging response rates for refractory 
retinoblastoma found with the adenovirus vector/herpes simplex 
thymidine kinase gene activation of systemic acyclovir  [74]  , and 
strategies to inhibit the VEGF - mediated growth and angiogenesis 
of retinoblastoma are being evaluated in the pre - clinical setting 
 [75] . These strategies may eventually compliment therapeutic 
approaches based on the knowledge of cellular - adhesion mole-
cules in the pathogenesis of retinoblastoma  [76] . However, study 
of the functions of the retinoblastoma gene pathway interactions 
with p53 are the subject of preclinical developments that may 
soon translate into clinical practice. 

  Inactivation of the  p 53  p athway in  r etinoblastoma 
 Tumorigenesis involves sequential genetic lesions in pathways 
that regulate cell proliferation, cell survival, and other biological 
processes  [11] . It has been proposed that both the p16 Ink4a  - CycD/
Cdk4 - pRb and Arf - MDM2/MDMX - p53 pathways must be inac-
tivated during cancer progression  [77] . The primary role of the 
Rb pathway is to regulate cell division  [77] , and that of the p53 
pathway is to regulate responses to cellular insults such as DNA 
damage or oncogenic stress  [78] . The Rb and p53 pathways may 
be inactivated by mutations in the  RB1  and  p53  tumor suppres-
sor genes themselves or through genetic alterations of other 
genes in the pathway. For example, some cancers have  MDM2  
gene amplifi cations that functionally suppress the p53 pathway 
by reducing the steady - state levels of the p53 protein  [79] . 
In relation to retinoblastoma, the following observations are 
emphasized: 
   •      The fi rst evidence that the p53 pathway may be important for 
retinoblastoma tumor progression came from studies on mouse 
models of retinoblastoma. In mouse models of retinoblastoma, 
tumor development is greatly enhanced when p53 is inactivated 
 [80] ; mice develop 100% penetrant bilateral retinoblastoma that 
invades the anterior chamber and surrounding tissue  [81] . To 
determine if any previously overlooked mutations within the p53 
pathway effectively block p53 activity and lead to a growth advan-
tage for retinoblastoma cells, the Arf - MDM2/MDMX - p53 onco-
genic stress response pathway was analyzed in detail.  
   •       MDMX  is amplifi ed in 65% of human retinoblastomas, and 
 MDM2  is amplifi ed in 10% of human retinoblastomas  [82] . 
MDMX and MDM2 are similar in structure, but they inhibit p53 
by distinct mechanisms  [83] . MDM2 is a ubiquitin ligase that 

with orbital preservation is near - normal, i.e. better than or equal 
to 6/12  [63] .  
   •      Complications of external beam radiotherapy include cataract 
and retinopathy, which can affect one - quarter of patients, and 
orbital deformities, although the later complication is less 
common  [64] . Rarer complications of radiotherapy include 
retinal tears and detachment, sub - retinal fi brosis, vitreous trac-
tion bands, and pre - retinal fi brosis  [65] . However, the evolution 
of techniques continues to allow a more accurate delivery of the 
45 – 50   Gy treatment doses for retinoblastoma, and this may result 
in fewer ocular late effects and also reduce the risk of secondary 
cancers  [66] .     

  Genetic  c ounseling and  s creening 

 One of the most important outcomes of the cloning of the  RB1  
tumor suppressor gene was the ability to provide retinoblastoma 
survivors with genetic counseling. Point mutations and small 
deletions represent the vast majority of  RB1  germline mutations. 
Chromosomal aberrations have also been reported and these can 
be detected by cytogenetic analysis and/or molecular analyses 
 [67 – 69] . The following features of genetic counseling for retino-
blastoma include: 
   •      It is essential to perform  RB1  gene analysis for every retinoblas-
toma patient because the absence of multiple bilateral tumors 
does not exclude the possibility of germline  RB1  mutations.  
   •      The hereditary type of retinoblastoma shows an autosomal 
dominant pattern of inheritance with at least 90% penetrance on 
average. Long - term follow up is essential to educate retinoblast-
oma survivors of the risks of passing retinoblastoma susceptibility 
on to their children.  
   •      The risk of developing retinoblastoma to survivors of inherited 
retinoblastoma is approximately 45% and it is 2.5% for survivors 
of unilateral retinoblastoma.  
   •      The risk for passing on retinoblastoma susceptibility for unilat-
eral retinoblastoma survivors (2.5%) is higher than in the general 
population (0.003%) because of the possibility of a low - pene-
trance  RB1  mutation or an individual with mosaic inactivation 
of  RB1 .  
   •      Similarly, the risk of developing retinoblastoma for siblings of 
retinoblastoma patients with bilateral disease and a family history 
is 45%, and for the siblings of retinoblastoma patients with no 
family history and unilateral disease is 1%.    

 In the context of familial risk for retinoblastoma, surveillance 
investigations allow the detection of disease before the clinical sign 
of leucocoria is present, and this is associated with a higher ocular 
salvage rate  [70] . However, it is also recognized that in patients in 
which retinoblastoma is detected early, at the time when tumors 
are smaller, actually do worse than in patients who are diagnosed 
later at a more advanced stage  [71] , a fi nding that may result in 
the posterior retinal location, often involving the macula, in very 
young children. However, screening is of benefi t in terms of 
reduction of treatment burden and risk of enucleation.  
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  Targeted  c hemotherapy for  r etinoblastoma 
 Currently, no small - molecule inhibitors that bind MDMX and 
block its ability to bind p53 are available. It has been previously 
shown that the p53 - binding domains of MDM2 and MDMX are 
highly conserved  [87, 88] . Therefore, an inhibitor of the MDM2 -
 p53 interaction may also inhibit the MDMX - p53 interaction  [89] . 
A number of small molecule inhibitors of the MDM2 - p53 interac-
tion have been constructed  [90] . However, the most widely utilized 
small molecule inhibitor of the MDM2 - p53 interaction is nutlin - 3. 
   •      Nutlin - 3 interacts with the p53 - binding domain of MDM2, 
which is a hydrophobic pocket. The effects of nutlin - 3A on retin-
oblastoma cells have been recently explored  [90] .  
   •      Following treatment with nutlin - 3A, a p53 response is induced 
inWeri1 and Y79 human retinoblastoma cell lines as indicated by 
an increase in p53 protein levels, and an increase in the protein 
levels of its downstream targets, MDM2 and p21. The authors 
also observed an induction of apoptosis following nutlin - 3A 
treatment.  
   •      In addition, the sensitivity of retinoblastoma cells to nutlin - 3A 
was shown to be p53 - dependent, because Y79 cells expressing a 
siRNA to p53 were less sensitive to nutlin - 3A  [90] .    

 Furthermore, binding studies have shown that racemic nutlin -
 3 binds MDM2 and competes with fl uorescently labeled p53 
with an inhibition constant (K i ) of 0.7    μ M; racemic nutlin - 3 
binds MDMX and competes with a K i  of 28    μ M  [82] . Racemic 
nutlin - 3 also blocks MDMX - p53 binding in C33A cells, a cell 
line that expresses a mutant form of p53 (Cys273)  [82] . Co -
 immunoprecipitation assays demonstrated that in cells treated 
with 10    μ M racemic nutlin - 3, the binding of MDM2 and MDMX 
to p53 was reduced. In  Mdm2  - defi cient mouse embryonic fi brob-
lasts (MEFs), we demonstrated that racemic nutlin - 3 can block 
MDMX in the absence of MDM2. MEFs expressing MDMX only 
were sensitive to racemic nutlin - 3, as demonstrated by reduced 
cell viability  [82] . These studies demonstrate that racemic nutlin -
 3 can inhibit p53 binding by both MDM2 and MDMX.  

  Local  d rug  d elivery for  r etinoblastoma  t reatment 
 Systemic administration of nutlin - 3 to treat tumors with  MDMX  
amplifi cation is not feasible due to its pharmacokinetics and tox-
icity in multiple organs; thus, there is a great need for specifi c, 
highly effi cient MDMX antagonists. Retinoblastoma is ideal for 
local delivery of a targeted chemotherapeutic agent such as 
nutlin - 3, because the eye is readily accessible for drug delivery. 
Subconjunctival administration of chemotherapies for retino-
blastoma can also avoid the side effects of systemic administra-
tion and achieve higher intraocular concentrations. 

 Abramson  et al.  conducted a clinical study in which they 
injected as much as 2   ml carboplatin (10   mg/ml) subconjuncti-
vally to treat intraocular retinoblastoma  [91] . Some patients were 
also given cryotherapy to increase drug delivery. The mean 
number of injections was 2.8 per eye. Following treatment, 
regression of the solid retinal tumors and vitreous seeds was 
evaluated. Of the fi ve eyes with solid retinal tumors that were 
treated, two responded, and three remained stable. Of the fi ve 

blocks p53 activity by binding to its transactivation domain and 
ubiquitinates p53 for degradation  [84] . MDMX does not have 
ubiquitin ligase activity but effectively inhibits p53 activity by 
binding to its transactivation domain  [84] . In retinoblastomas 
with  MDMX  gene amplifi cations, the levels of  MDMX  mRNA 
and protein were also increased  [82] . This correlated with a 
decrease in p53 and p21 proteins, as previously shown in breast 
tumors with  MDMX  amplifi cations  [84] .  
   •      These data suggest that amplifi cation of MDMX and, to a lesser 
extent, MDM2 suppresses the p53 response to increased p14 ARF  
levels as a direct result of activation of the oncogenic stress 
pathway following  RB1  inactivation in retinoblastoma. Genetic 
analyses of human tumors have shown that disruption of one 
component of the p53 pathway relieves the selective pressure to 
inactivate other components of the same pathway  [85] . For 
example,  p53  mutations and  MDM2  amplifi cations tend to be 
mutually exclusive  [86] . Indeed, subsequent studies confi rmed 
that p53 and many of the direct downstream effectors of the p53 
pathway are intact in retinoblastoma cell lines  [82] . By modulat-
ing the p53 and MDMX levels in retinoblastoma cells maintained 
in culture, predictable perturbation of p53 - mediated cell death 
and cell cycle exit occurred  [82] .    

 On the basis of these data, it has been hypothesized that  RB1  -
 defi cient retinoblasts sustain an  MDMX/MDM2  genetic amplifi -
cation that allows them to suppress p53 - mediated cell death and 
clonally expand to form retinoblastoma. To recapitulate this 
process  in vivo , these changes have been engineered in a mouse 
model and in explants of human fetal retinae grown in cultures 
with the following fi ndings. 
   •      In the mouse model, the retinal cells that lacked  Rb  and 
 p107  but expressed  MDMX  had greater proliferation and 
survival than did cells lacking  Rb  and  p107   [96] . Importantly, 
invasive and aggressive retinoblastoma similar to that observed 
in  Chx10 - Cre;Rb Lox/ –  ;p107  – / –  ;p53 Lox/ –    mice now developed in the 
 Rb Lox/Lox ;p107  – / –    pups with ectopic expression of  MDMX   [82] .  
   •      In human fetal retinae, it was demonstrated that  MDMX  pro-
motes human retinoblastoma by electroporating primary human 
fetal retinae (FW 14 - 15) with  RB1  siRNA,  MDMX  cDNA, and a 
green fl uorescent protein (GFP) reporter gene. After 10 days in 
culture, these cells failed to differentiate, and the immature cells 
organized into rosettes similar to those seen in retinoblastoma 
 [82] . Cells expressing  Rb1  siRNA alone induced  p14 ARF   and 
initiated p53 - mediated apoptosis. Increased  MDMX  expression 
blocked cell death and increased proliferation by clonal 
expansion.  
   •      The specifi city of the MDMX effect on p53 was demonstrated 
by using an  MDMX  allele that has a single amino acid substitu-
tion (G57A) that blocks its ability to bind p53  [82, 84] . These 
data challenge the long - held belief that retinoblastoma is the 
exception to the principle that the Rb and p53 pathways must 
be inactivated for cancer progression, and demonstrate that inac-
tivation of the p53 pathway is likely to be the second genetic 
perturbation that occurs in human retinoblastomas after the loss 
of  RB1 .     
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in the 1970s to the present day success rates of over 95%  [50, 51] . 
However, the treatment of metastatic disease and the preserva-
tion of vision and avoidance of enucleation for patients with 
more advanced or bilateral disease are continued challenges for 
the expert teams that treat children with retinoblastoma. This 
chapter has highlighted the novel approaches to therapy that are 
currently being developed, both in terms of local delivery of con-
ventional chemotherapy agents and new therapies that target p53 
interactions that appear to be important in the pathogenesis of 
retinoblastoma. Determining the feasibility of novel drugs will 
require systematic evaluation of ideal delivery techniques to max-
imize drug delivery allowing for effi cacy, with every attempt made 
to minimize adverse effects and complications. Ease of the appli-
cation will be essential if these techniques are to eventually be 
translated to widespread use outside of specialized academic 
centers. This is a promising fi eld for the treatment of eye diseases 
in general and as more therapeutics becomes available, drug 
delivery will likely become the major hurdle to pass as the fi eld 
progresses.   

 Indeed, an international consensus of the current state of 
retinoblastoma therapy world - wide recognizes that the excellent 
survival fi gures of the industrialized West refl ect the complexity 
of multi - disciplinary care that is achievable, a situation that is 
seldom achievable in the developing world. The  ‘ One World, One 
Vision ’  theme is leading to practical partnerships between aca-
demic treatment centers in Europe and North America and the 
developing countries, lay agencies and interest groups with the 
aim of bringing the success story that is the treatment of retino-
blastoma to children around the world  [97] .  
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eyes with vitreous disease, three responded. In the fi rst eye, all 
vitreal seeds disappeared; in the second eye, disease regressed 
more than 50%; and in the third eye, all non - calcifi ed seeds disap-
peared. The remaining two eyes with vitreal disease remained 
stable. The side effects were minimal; only one eye in one patient 
suffered a severe ocular side effect. The authors had previously 
addressed the question of systemic exposure to carboplatin fol-
lowing periocular injection in a primate model: the 2 hour mean 
blood level after periocular injection of carboplatin was 2.9% that 
of the mean peak level of carboplatin after intravenous injection. 
Therefore, systemic exposure to carboplatin was greatly reduced 
by local administration of the drug  [92] . 

 Testing of subconjunctival racemic nutlin - 3 in the setting of a 
preclinical animal models, an orthotopic xenograft model for 
retinoblastoma, has been reported with the following fi ndings 
 [93] . 
   •      Racemic nutlin - 3 alone signifi cantly reduced tumor burden, as 
measured by luciferase activity  [82] .  
   •      The combination of racemic nutlin - 3 with the topoisomerase 
inhibitor topotecan (30 – 40   nM) induces a p53 response in retino-
blastoma cells. Racemic nutlin - 3 also induces a p53 response in 
retinoblastoma by inhibiting MDMX and MDM2 from binding 
to p53  [82] .  
   •      The combination of the two drugs resulted in a 20 - fold syner-
gistic killing of retinoblastoma cells  in vitro . Subconjunctival 
administration of topotecan and racemic nutlin - 3 in our ortho-
topic xenograft model resulted in an 82 - fold reduction in tumor 
burden with no ocular or systemic side effects  [82] .    

 Previous studies for subconjunctival chemotherapeutic treat-
ment for retinoblastoma have involved administration of 25   ml 
of drug in mice and up to 2   ml of drug in children  [94 – 96] . The 
stock solution of racemic nutlin - 3 used for these studies was 
170   mM and showed no ocular toxicity. Thus, it is feasible to 
achieve the intraocular concentration of nutlin - 3 needed to inac-
tivate MDM2 and MDMX; this approach should prove effective 
in 75% of patients with retinoblastoma with either  MDM2  or 
 MDMX  gains or amplifi cations. Moreover, by combining MDM2/
MDMX antagonists with drugs that induce a p53 response 
through DNA damage (i.e. topotecan), further enhancement of 
their antitumor effects may be gained. Retinoblastoma is not only 
a good model for studying the suppression of p53 - mediated cell 
death by  MDMX  amplifi cation, but it is also an ideal system in 
which to study local delivery of chemotherapy targeted to the 
Arf - MDM2/MDMX - p53 pathway. In addition, retinoblastoma 
would be easier to treat in developing countries if we could use 
local delivery of targeted therapy, because this approach would 
avoid the cost associated with managing the side effects of sys-
temic broad - spectrum chemotherapy.   

  Summary and  f uture  d irections  (Box  18.4 )  

 In industrialized Western countries, the survival following a diag-
nosis of retinoblastoma has improved from approximately 85% 

  Box 18.4    Future directions. 

        •      p53 inactivation important in the pathogenesis of 
retinoblastoma  

   •      Some of the novel therapeutic approaches include strategies 
based on inhibition of MDMX/MDM2 and p53 interactions  

   •      Preclinical studies also exploring VEGF inhibition and 
adenoviral/herpes simplex thymidine kinase gene activation of 
systemic therapies such as acyclovir  

   •      International collaborations to improve therapy of metastatic 
disease and vision/ocular salvage in localized disease  

   •      Improving the outcomes for retinoblastoma in developing 
countries     
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   Introduction 

 Cancer is rare in childhood compared with older age groups, 
affecting approximately 1 in 600 children during the fi rst 15 years 
of life. However, some tumors are so rare that even pediatric 
oncologists may only encounter them once in their lifetime prac-
tice. Therefore, there are obvious advantages for pooling the 
experiences of the United Kingdom ’ s Children ’ s Cancer  &  
Leukaemia Group (CCLG) with groups from other rare tumor 
registries and other national initiatives such as the Italian TREP 
project. 

 Any defi nition of  ‘ rare ’  is bound to be arbitrary, but for this 
chapter we have defi ned rare childhood cancers as those catego-
ries in the International Classifi cation of Childhood Cancer 
(Third edition [ICCC - 3]), that have an age - standardized annual 
incidence of less than 1 per million children in the UK, excluding 
tumors of unspecifi ed morphology  [1] . Based on the UK National 
Registry of Childhood Tumors (NRCT), Table  19.1  describes the 
incidence rates and numbers of registrations in Britain during the 
period 1991 – 2000 for rare childhood cancers according to this 
defi nition, excluding leukemias, lymphomas and central nervous 
system (CNS) tumors which are either outside the scope of this 
chapter or dealt with in other sections of this book.   

 Histological subtypes of germ cell tumors which individually 
have an incidence below 1 per million have also been excluded 
on the grounds that clinically all malignant germ cell tumors in 
children are treated similarly. Overall, the tumors listed in Table 
 19.1  had: 
   •      An incidence rate of 6.8 per million.  
   •      Accounted for 16% of non - CNS malignant solid tumors.  
   •      Accounted 5% of all childhood cancers.  
   •      In both relative and absolute terms they were most frequent in 
the age group 10 – 14 years, where their incidence was 12.4 per 

million and where they accounted for 35% of non - CNS solid 
tumors and 11% of all cancers.    

 Carcinomas of all sites counted as rare tumors, and collectively 
formed 50% of the total. Soft tissue sarcomas were the next most 
frequent histological group, representing 36%. It is important to 
note that the same diagnostic groups are not necessarily rare in 
all populations. Most strikingly, Kaposi sarcoma is one of the 
most frequent childhood cancers in parts of central and east 
Africa most severely affected by the AIDS epidemic, whereas 
malignant melanoma is rare throughout most of Africa and Asia. 

 Despite their rarity, the tumors described in the chapter can 
cause much stress to both the families and the oncologist. 
However, rare tumors do not necessarily have a poor prognosis, 
and some tumor types may be easily treated and have very little 
chance of recurring. These include some tumors that are rare 
among children but occur more commonly in adults and we can 
learn a lot from their management in this setting so that this can 
be adapted for their treatment in childhood. A good example for 
this can be found for thyroid carcinoma (the follicular subtype is 
most commonly encountered in the pediatric population), where 
the 5 - year survival for the 71 children diagnosed in Britain during 
1991 – 2000 was 100%  [2] . 

 Other rare tumors, however, only occur in childhood or cur-
rently have a poor prognosis. This chapter will focus on a selec-
tion of these tumors that was the starting point for the Rare 
Tumor Guidelines that were produced by the Rare Tumor 
Working Group of the CCLG. In particular, we have included 
nasopharyngeal carcinoma, as this is one of the rare tumors fre-
quently consulted about because of its challenging treatment, and 
as an example of a rare tumor where there has been a dramatic 
improvement in survival in recent years.  

  Nasopharyngeal  c arcinoma  (Box  19.1 )  

     Nasopharyngeal carcinoma (NPC) was fi rst described as a sepa-
rate entity by Regaud and Schmincke in 1921. Approximately 
one - third of nasopharyngeal carcinomas of the undifferentiated 
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  Table 19.1    Rare childhood cancers in Great Britain, 1991 – 2000. Age standardized annual incidence per million children aged 0 – 14 years ( ASR ) and number of 
registrations ( n ). Leukemias, lymphomas and  CNS  tumors are excluded.   Source: National Registry of Childhood Tumors  [2]  .  

   ICCC - 3     Defi nition     ASR      n   

  IV    Neuroblastoma and other peripheral nervous cell tumors          
  IVb    Peripheral nervous cell tumors other than neuroblastoma    0.10    11  
  VI    Renal tumors          
  VIa.2    Rhabdoid renal tumor    0.36    24  
  VIa.3    Kidney sarcomas    0.36    24  
  VIa.4    Peripheral primitive neuroectodermal tumor of the kidney    0.05    7  
  VIb    Renal carcinoma    0.16    19  
  VII    Hepatic tumors          
  VIIb    Hepatic carcinoma    0.22    25  
  VIII    Malignant bone tumors          
  VIIIb    Chondrosarcoma    0.10    12  
  VIIId    Other specifi ed malignant bone tumors    0.14    16  
  IX    Soft tissue and other extraosseous sarcomas          
  IXb.1    Fibroblastic and myoblastic tumors    0.35    37  
  IXb.2    Nerve sheath tumors    0.36    41  
  IXb.3    Other fi bromatous neoplasms    0.02    2  
  IXc    Kaposi sarcoma    0.04    5  
  IXd.3    Extrarenal rhabdoid tumor    0.20    19  
  IXd.4    Liposarcomas    0.04    4  
  IXd.5    Fibrohistiocytic tumors    0.41    47  
  IXd.6    Leiomyosarcomas    0.10    12  
  IXd.7    Synovial sarcomas    0.49    58  
  IXd.8    Blood vessel tumors    0.11    11  
  IXd.9    Osseous and chondromatous neoplasms of soft tissue    0.08    9  
  IXd.10    A  lveolar soft part sarcoma    0.09    10  
  IXd.11    Miscellaneous soft tissue sarcomas    0.18    19  
  X    Germ cell tumors, trophoblastic tumors and neoplasms of gonads          
  Xd    Gonadal carcinomas    0.07    8  
  Xe    Other malignant non germ cell gonadal tumors     –     0  
  XI    Other malignant epithelial neoplasms and malignant melanomas          
  XIa    Adrenocortical carcinoma    0.24    24  
  XIb    Thyroid carcinoma    0.60    71  
  XIc    Nasopharyngeal carcinoma    0.20    24  
  XIe    Skin carcinomas    0.70    82  
  XIf.1    Carcinomas of salivary glands    0.25    30  
  XIf.2    Carcinomas of colon and rectum    0.09    11  
  XIf.3    Carcinomas of appendix    0.12    15  
  XIf.4    Carcinomas of lung    0.08    10  
  XIf.5    Carcinomas of thymus    0.03    4  
  XIf.6    Carcinomas of breast     –     0  
  XIf.7    Carcinomas of cervix uteri    0.01    1  
  XIf.8    Carcinomas of bladder    0.05    6  
  XIf.9    Carcinomas of eye     –     0  
  XIf.10    Carcinomas of other specifi ed sites    0.33    39  
  XIf.11    Carcinomas of unspecifi ed site    0.11    12  
  XII    Other and unspecifi ed malignant neoplasms          
  XIIa.1    Gastrointestinal stromal tumor    0.02    2  
  XIIa.2    Pancreatoblastoma    0.04    4  
  XIIa.3    Pulmonary blastoma and pleuropulmonary blastoma    0.08    8  
  XIIa.4    Other complex mixed and stromal neoplasms     –     0  
  XIIa.5    Mesothelioma    0.03    3  
  XIIa.6    Other specifi ed malignant tumors     –     0  
      Total of non - central nervous system rare tumors    6.79    766  
      Total of all non - central nervous system solid tumors    46.18    4770  
      Total childhood cancers    139.19    14659  
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  Staging 
 The tumor, node, metastasis (TNM) classifi cation of the American 
Joint Committee on Cancer (6th Edition)  [6] , is usually used to 
determine the tumor staging.   

  Treatment and  p rognosis 
 Nasopharyngeal carcinoma is a very aggressive tumor and com-
monly metastasizes distally as well as to local lymph nodes, which 
are usually the supraclavicular, hilar, and mediastinal groups. 
Metastatic recurrence occurs early, usually within the fi rst 2 years 
after the diagnosis is made. The prognosis of children in advanced 
stages with radiotherapy alone is poor, with the 5 - year survival 
rate 20 – 30%. 

 Because of this poor prognosis NPC patients have been treated 
with various chemotherapy regimens, mainly administered in the 
adjuvant setting. However, there has been a paucity of larger - scale 
studies for the treatment of NPC of children and adolescents. In 
the last few years, several retrospective pediatric studies have been 
published. Most have been from regions where the incidence is 
appreciably higher than in western countries and have generally 
included fewer than 100 children and adolescents. Improvement 
in local control and overall survival has been consistently associ-
ated with chemoradiotherapy  [7 – 9] . However, a randomized trial 
in children would not be possible without wide international 
collaboration and/or an increase in the upper age limit above 15 
years. Examples of more contemporary treatment experiences for 
NPC include: 
   •      Al - Sarraf et al. showed in a randomized study that chemoradio-
therapy that included cisplatin and 5 - fl uorouracil (5 - FU) was 
superior to radiotherapy alone for both survival and local control 
in adult NPC  [10] .  
   •      The fi rst multi - centre trial for the treatment of children and 
adolescents with NPC, the NPC - 91 - GPOH protocol in Germany, 
Austria, Belgium, and the Netherlands, was initiated in 1992. Of 
the 59 patients registered on the trial, 58 were high risk (stage III 
or IV) at the time of diagnosis and only one patient had stage II 
disease at diagnosis. The combined treatment of 5 - FU and cispla-
tin before radiotherapy and adjuvant interferon therapy resulted 
in an event - free survival for stage III or IV patients of 91.37% 
with a medium follow up of 47.6 months. Furthermore these very 
good results were achieved with a total radiotherapy dose of only 
60   Gy  [5] .    

 The prognosis for NPC has improved such that the 5 - year 
survival has increased from 57% in the decade 1971 – 1980 to 83% 
in 1991 – 2000  [2] . However, although in childhood the presence 
of metastatic disease in cervical lymph nodes at diagnosis does 
not adversely affect prognosis, certain adverse characteristics for 
NPC have been identifi ed, including: 
   •      Factors associated with a poor prognosis are skull base involve-
ment, extent of the primary tumor, and cranial nerve involve-
ment  [5] .  
   •      Plasma EBV DNA levels appears to correlate with treat ment 
response  [3]  and may predict disease recurrence  [11] , suggesting 
that they may be an independent indicator of prognosis  [12] .     

type are diagnosed in adolescents or young adults. Although rare 
in western populations, NPC accounts for one third of nasopha-
ryngeal neoplasms of childhood. Presentation with lymphaden-
opathy implies the disease has spread beyond the primary site. 

  Epidemiology 
 During the years 1991 – 2000 there were 24 cases of NPC registered 
in the NRCT, with an annual incidence of 0.20 per million (age 
standardized, age 0 – 14 years); 83% of cases were in boys, and 88% 
in children aged 10 – 14 years  [2] . The incidence of childhood NPC 
in western populations is generally low, but in parts of North 
Africa and the Middle East it can be as high as 2 per million. 

 Lo  et al.  showed that Epstein - Barr virus (EBV) DNA was 
detectable in the plasma samples of 96% of patients with non -
 keratinizing NPC compared with only 7% of controls  [3] . The 
detection of nuclear antigen associated with Epstein - Barr virus 
(EBNA) has revealed that EBV can infect epithelial cells and is 
associated with their transformation  [4] . 

 Thus, the etiology of NPC (particularly the endemic form) 
seems to follow a multi - step process, in which EBV, ethnic back-
ground, and environmental carcinogens all seem to play an 
important role.  

  Clinical  p resentation 
 Cervical lymphadenopathy is the initial presentation in many 
patients. Symptoms related to the primary tumor include: 
   •      Trismus, pain, otitis media, deafness, nasal regurgitation, and 
cranial nerve palsies.  
   •      Larger growths may produce nasal obstruction or bleeding and 
a  ‘ nasal twang ’  character for speech.  
   •      Metastatic spread may result in bone pain or organ dysfunction.  
   •      Rarely a paraneoplastic syndrome of osteoarthropathy may 
occur with widespread disease  [5] .     

  Investigation and  s taging 
    1     Computed tomography (CT)/magnetic resonance imagery 
(MRI) scan of head and neck  –  to below clavicles, assess base of 
skull erosion.  
  2     CT chest.  
  3     Bone isotope scan.  
  4     EBV viral capsid antigen and EBV - DNA.  
  5     Biopsy of either lymph nodes or primary tumor.    

  Box 19.1    Nasopharyngeal carcinoma. 

        •      Most childhood cases present between the age of 10 and 14 
years with involvement of neck nodes  

   •      Standard treatment is with neoadjuvant chemotherapy usually 
cisplatin and 5 - FU followed by radiotherapy  

   •      Treatment - related toxicity is substantial  

   •      Interferon - based immunotherapy may improve outcome     
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  Pleuropulmonary  b lastoma 

 Pleuropulmonary blastoma (PPB), an embryonal tumor of the 
thoraco - pulmonary mesenchyme, is a malignant tumor that 
occurs almost exclusively in children younger than 5 years of age. 
The origin of the tumor was fi rst suggested by Spencer in 1961 as 
mesodermal blastema, because of histological similarities to the 
blastemal component seen in Wilms ’  tumor  [17] . PPB was even-
tually described by Manivel as a pediatric entity distinct from the 
biphasic epithelial - stromal morphology seen in adult tumors 
 [18] . Because of its rarity, the optimal management of PPB 
remains unclear and the prognosis is historically poor (Box  19.2 ).   

  Epidemiology 
 Between the years 1991 and 2005 there have been 13 cases of PPB 
registered in the NRCT, all but two of which were diagnosed at 
ages below 5 years  [2] . Ten (77%) of these patients are alive but 
we have no way of knowing at present what type of PPB these 
patients have. It is probable that there is an under - reporting of 
cases, in particular type I which may be mistaken for benign 
congenital cysts, in particular congenital cystic adenomatoid mal-
formations (CCAM). 

 A further distinctive feature of PPB is that 25% of cases occur 
in constitutional/familial settings in which PPB patients them-
selves or young family members have other dysplastic or neoplas-
tic features  [19] , especially cystic nephroma and other renal 
tumors  [20] .  

  Clinical  p resentation 
 The most common presenting symptoms are respiratory distress, 
shortness of breath, cough, fever which can mimic chest infec-
tions, or pneumothorax. Patients may also present with non -
 specifi c features with malaise, weight loss, and may complain of 
chest and abdominal pain. Symptoms of mestastatic disease such 
as pain, headache, and vomiting may also be apparent, depending 
on the extent and location of the disease. Cerebral metastasis is 
more frequent in PPB than in other childhood sarcomas and 
hence patients should be screened for this at diagnosis  [21] .  

  Strategies for  f ollow  u p and  e xpected  l ate  e ffects 
 Acute toxicity will depend on the chemotherapy regimen 
employed, but contributes to the known toxicity from radiother-
apy, e.g. mucositis, weight loss, and xerostomia. Other important 
toxicities include: 
   •      Cardiotoxicity following high - dose 5 - FU combination with 
folinic acid, cisplatinum, and methotrexate  [13] .  
   •      Ototoxicity is a signifi cant risk following cisplatin with addi-
tional toxicity from radiotherapy. Therefore, long - term follow up 
with pure tone audiometry is essential.  
   •      Nephropathy and tubulopathy associated with cisplatin is dose 
dependent but rarely causes renal failure.  
   •      Regular clinical assessment of growth and pubertal stage 
with biochemical assessment as necessary in particular thyroid 
function.    

 Clinical examination for recurrence locally, in local lymph 
nodes and in metastatic sites is recommended with appropriate 
radiology.  

  Novel  t herapeutic  a pproaches 
 Numerous investigations of the anti - tumor effect of the interfer-
ons (IFNs) in patients with malignant tumors have been pub-
lished. For NPC, therapeutic effect has been observed in single 
cases, and in a patient with a recurrent EBV - associated NPC a 
response to the Type I - IFNs was demonstrated  [14] . Subsequently 
IFN -  β  was piloted in seven young NPC patients  [15] . Uniquely, 
the NPC - 91 - GPOH protocol includes immunotherapy with 
IFN -  β  after chemotherapy and radiotherapy, which may explain 
its superior results compared with regimens with similar chemo-
radiotherapy but without IFN  [16] .  

  Summary 
 Due to the anatomical position of NPC and the tendency to 
present with cervical lymph node metastases, NPC is not amena-
ble to surgery for local control, and biopsy of involved lymph 
nodes is the usual surgical procedure. The event - free survival in 
most small chemotherapy series is comparable but usually 
achieved with relatively high doses of radiotherapy to the 
nasopharynx, i.e. 60 – 65Gy. However, the encouraging outcomes 
for therapy according to the NPC - 91 - GPOH protocol may be 
seen as representing the current best treatment  [5] . Uniquely the 
NPC - 91 - GPOH protocol includes immunotherapy with IFN -  β  
after chemotherapy and radiotherapy, which may explain its 
superior results compared with regimens without interferon  [5] . 

 Thus, the GPOH protocol could form the basis for an interna-
tional protocol as most national groups are recommending a 
cisplatin/5 - FU chemotherapy - based protocol for chemotherapy. 
It would be important to reproduce these superb results in a 
larger population, in order to gain experience of the true level of 
toxicity of this regimen (there have been anecdotal reports of 
death during treatment), and try to resolve what role IFN -  β  con-
tributes to these results and whether the dose of radiotherapy in 
children could be reduced further.   

  Box 19.2    Pleuropulmonaryblastoma. 

        •      Complete surgical excision is crucial for treatment  

   •      Chemotherapy has a role in achieving surgical excision in 
particular in type II and III  

   •      The PPB International Registry is an important source of 
information and guidance for management  

   •      Three histopathological subtypes  –  type I cystic, type II mixed 
and type III solid.  

   •      Type II and III probably evolve from type I     
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alone in this subgroup of children is unconfi rmed and there are 
other cases with disease recurrence following just initial surgery 
 [27] . 

 Priest  et al.  have published the largest series so far of type I PPB 
from the International PPB registry and cases from the literature, 
with an attempt to examine the role of chemotherapy in type I 
disease  [27] . In a total series of 38 patients, 20 had surgery only 
with eight recurrences, whereas among 18 who had surgery 
upfront followed by various chemotherapy regimens (including 
vincristine, actinomycin, doxorubicin, ifosfamide, etoposide, and 
cyclophosphamide, which are agents typically employed for the 
therapy of soft tissue sarcoma), only one patient had a recurrence. 
This suggests a possible signifi cant role for chemotherapy in type 
I PPB, but could refl ect a bias to reporting or registering cases 
cured with chemotherapy, or indeed failure to recognize some 
surgically treated cystic cases as PPB. 

 The role of chemotherapy is more clearly defi ned in type II and 
III disease though this assumption is based on individual case 
reports demonstrating response to chemotherapy in patients with 
macroscopic disease, or better survival with adjuvant chemo-
therapy after upfront complete surgery. Three publications on 
this rare tumor are noteworthy as they include relatively high 
numbers of cases of type II and II PPB. 
   •      An earlier report by Priest and colleagues describing 50 cases of 
PPB included 43 of types II and III, making it so far the largest 
series on outcome of these types  [22] . Although the authors could 
not show a signifi cant difference in survival between the different 
types of PPB, the 2 - year event - free survival for types II and III , 
of 49% and 42 % respectively, was much lower than the 83% 
survival found for patients with type I disease. The chemotherapy 
received was diverse refl ecting institutional choices but tended to 
be that used for soft tissue sarcomas and no conclusions could be 
made in this series in terms of response to treatment.  
   •      The Italian Association for Pediatric Hematology and Oncology 
 –  Rare Tumors Pediatric Age (AIEOP - TREP) recently published 
the outcome in 11 cases of PPB, in particular 10 cases of type II 
and III disease  [25] . All had received adjuvant chemotherapy; the 
early cases received CEVAIE (ifosfamide, vincristine, actinomy-
cin, epirubicin, etoposide, carboplatin), later cases receiving 
VAIA (vincristine, actinomycin, ifosfamide, doxorubicin). After 
9 – 10 weeks of chemotherapy three cases had a partial response, 
and one case a complete response where macroscopic tumor was 
left after initial surgery or biopsy. Furthermore in this small series 
those patients who had total surgery performed either before and/
or after chemotherapy, had signifi cantly better survival. Factors 
for a poor outcome were extra - pulmonary disease in type II 
disease, as most of these cases relapsed. The role of radiotherapy 
was diffi cult to assess as only three patients received this treat-
ment modality.  
   •      A surprisingly good rate of survival is seen in the CWS (German 
Cooperative Soft Tissue sarcoma Group) series of 16 patients 
 [25] . Chemotherapy was not dissimilar to the Italian group 
with IVA, VACA, VAIA, EVAIA or CEVAIE (combination of 
ifosfamide, vincristine, actinomycin, doxorubicin, etoposide, 

  Investigation,  s taging and  h istology 
 Investigations are performed to defi ne the location, stage, and 
histology as follows: 
  1     CT/MRI scan of primary chest mass.  
  2     CT of the head.  
  3     Bone scintigraphy by  99 Tc - diphosphonate.    

 As PPB has commonly been treated on soft tissue sarcoma 
protocols in the past it is probably useful to use the Intergroup 
Rhabdomyosarcoma Study (IRS) staging system from both a 
management point of view and for comparison of outcome from 
the various previous small series: 
  Group I:     Localized disease, completely resected.  
  Group II:     Total gross resection with evidence of regional spread.  
  Group III:     Incomplete resection with gross residual disease.  
  Group IV:     Distant metastatic disease present at onset (lung, liver, 
bones, bone marrow, brain, and distant muscle and nodes)    

 Histologically, PPB typically contains a blastemal component 
and a malignant mesenchymal stroma that can show multiple 
sarcomatous (rhabdomyo - , chondro - , lipo - , fi bro - sarcomatous) 
features  [22] . The tumor can be classifi ed into three main his-
topathological subtypes: 
   •      Type 1 PPB is a cystic tumor occurring almost always in infants.  
   •      Type III disease is purely solid in nature.  
   •      Type II disease contains both solid and cystic areas within the 
tumor; both occur in older children compared with type I  [23] .    

 The histogenesis of different PPB types is probably linked, as 
patients previously treated for type I tumor have been shown to 
develop type II disease as recurrence  [22]  and progression from 
type I to type III PPB has also been reported  [23] . Various reports 
have identifi ed a history of thoracic or lung cysts in 25 – 40% of 
children with PPB several months before the defi nitive diagnosis, 
hypothesizing that PPB may arise in precursor developmental 
anomaly, similar to the relationship between nephrogenic rests 
and Wilms ’  tumor  [17, 24] .  

  Treatment 
 Total or radical surgery, with the aim to achieve maximum tumor 
resection if possible, remains important in the management of 
all types of PPB. This can be in the form of wedge excision, 
lobectomy, or pnemonectomy. Children with a total excision of 
tumor, or microscopic residual disease after initial surgery, were 
found to have an improved relapse - free survival  [22, 25, 26] . 
Chemotherapy also appears to be more effective in preventing 
recurrence when used after total macroscopic tumor resection, 
but this observation will need to be verifi ed in a larger cohort of 
patients. Other factors that relate to poorer survival include 
mediastinal and pleural involvement, when compared with 
patients with lung parenchymal involvement only  [25] . 

 Because the tumor is often extensive at diagnosis, delayed or 
second - look surgery is usually necessary after initial biopsy or 
debulking following neoadjuvant chemotherapy  [22, 25] . 
However, there are reports of short - term survival (17 months on 
follow up) in patients with type I PPB receiving only complete 
resection without adjuvant treatment  [25] . The role of surgery 
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adenomatous polyposis  [31] , and often exhibit elevated plasma 
levels of alpha - fetoprotein  [32, 33] . 

 Six of the seven reported cases of pancreatoblastoma associated 
with Beckwith - Wiedemann syndrome has occurred in newborns 
and all but one were in males  [34, 35] . This similarity may lead 
to diagnostic confusion as tumor origin cannot always be accu-
rately determined on CT scanning. 

 Several reports indicate that surgical resection is more likely to 
be successful in pancreatoblastoma than in adult pancreatic car-
cinoma. Overall survival is at least 80% in children with com-
pletely resectable tumors at diagnosis  [36] . By contrast the 
outlook for children with metastatic disease, usually hepatic or 
skeletal, is very poor  [33, 37, 38] . Very limited biological studies 
have been done in this tumor. A single case report showed 
11p15.5 LOH and overexpression of IGF2, typical of that found 
in other blastemal tumors such as Wilms ’  tumor and hepatoblas-
toma  [30] . 

 From 1971 to 2005, 48 cases of pancreatic tumor were reported 
to the NRCT (Table  19.2 ). Of this total, 28 were malignant of 
which 12 were pancreatoblastomas. In order of frequency these 
were pancreatoblastoma, islet cell tumors, papillary - cystic neo-
plasm and adenocarcinoma. Since ascertainment for non - malig-
nant tumors is incomplete, it seems likely that over half of 
childhood pancreatic tumors are benign. Comparable informa-
tion is not available from either the US (Giulio D ’ Angio, personal 
communication) or the International Society of Pediatric 
Oncology.    

  Clinical  p resentation 
 Children with pancreatoblastoma usually present late with upper 
abdominal pain and many have a palpable mass in the epigas-
trium. Mechanical obstruction of the upper duodenum and 
gastric outlet by tumor in the head of the pancreas may be associ-
ated with vomiting, jaundice, and gastrointestinal haemorrhag-
ing. Poor nutritional intake and the resultant weight loss may also 
be found. Metastatic spread can be locally to regional lymph 
nodes, via the portal drainage system to the liver, and distally to 
the lungs.  

epirubicin, cyclophosphamide and carboplatin). The 5 - year 
overall survival was 70% and in six out of eight patients with 
macroscopic disease, response to chemotherapy could be dem-
onstrated. Again the role of radiotherapy remains unclear due to 
the small number of patients receiving it  [26] . A similar conclu-
sion can be drawn from the PPB Registry paper but there was a 
tendency to receive XRT in type III PPB  [22] .     

  Follow  u p and  l ate  e ffects 
 As the role of chemotherapy is not clearly defi ned in type I PPB 
(although recommended by the PPB Registry), an alternative 
strategy is rigorous monitoring for early detection of recurrence. 
This requires CT scans at least every 3 months, as infrequent plain 
radiographs will miss subtle early changes and there is known 
rapidity of recurrence. Salvage therapy may be unsuccessful if a 
solid, high grade sarcomatous tumor emerges, and follow up 
must continue for up to 36 months from diagnosis. It remains to 
be proven, however, that aggressive follow up alters outcome. The 
high incidence of CNS metastases at recurrence (44%) would 
encourage a low threshold for CNS imaging with symptoms. 

 For type II and III PPB, recurrence after multimodal aggressive 
upfront treatment heralds such a poor prognosis that detection 
of recurrence will not alter outcome. Therefore plain radiographs 
will usually suffi ce. The expected late effects for PPB refl ect the 
initial treatment rather than PPB itself but the use of anthracy-
cline - based chemotherapy protocols and radiation fi elds involv-
ing the chest/mediastinum will require careful follow up with 
echocardiograms.  

  Summary and  f uture  d irections for  m anagement 
 The rarity of PPB has allowed only slow progress in the under-
standing of its clinical behaviour and management. The 
International PPB Registry has made huge advances recently in 
bringing together interested parties and with a future hope for 
international treatment guidelines and data analysis to improve 
our knowledge and ask further questions, and perhaps introduce 
novel therapies in type II and III which traditionally have a poor 
outcome. Furthermore, the International Registry allows the col-
lection of biological material so that a better understanding of the 
biology and familial associations of PPB may drive novel 
therapies.   

  Pancreatoblastoma  (Box  19.3 )      

  Introduction and  e pidemiology 
 The term pancreatoblastoma was coined in 1977 by Horie  et al . 
and has subsequently been employed to describe tumors previ-
ously known as  ‘ infantile carcinoma of the pancreas ’   [28] . 
Pancreatoblastoma has several similarities to hepatoblastoma, a 
tumor found in an identical age group with a closely related 
morphological appearance. Both tumors occur in association 
with the Beckwith - Wiedemann syndrome  [29, 30]  and familial 

  Box 19.3    Pancreatoblastoma. 

        •      Pancreatoblastoma has many similarities to hepatoblastoma  

   •      Alph - fetoprotein levels are usually elevated  

   •      Complete tumor excision is crucial for a good outcome  

   •      Pancreatoblastoma is a chemosensitive tumor and in view of 
the similarities to hepatoblastoma, PLADO chemotherapy 
 –  cisplatin and doxorubicin  –  is recommended  

   •      In the future SIOPEL hope to open an international protocol 
for pancreatoblastoma in particular to collect biological 
material     
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  Investigations 
 Investigation for pancreatoblastoma are detailed as follows: 
  1     Liver function tests.  
  2     Alpa - fetoprotein.  
  3     Lactate dehydrogenase (LDH).  
  4     CT or MRI scan of abdomen.  
  5     CT scan chest.  
  6     Isotope bone scan.  
  7     Bone marrow aspirate and trephine.     

  Staging 
    Stage 1     Localized primary tumor, completely resected.  
  Stage 2     Localized primary tumor, incompletely resected with 
microscopically residual disease, or biopsy only.  
  Stage 3     Primary tumor with infi ltration of adjacent structures 
and or regional lymph nodes.  
  Stage 4     Metastatic disease to liver, lung, bones, or bone marrow.     

  Treatment 
 There is a paucity of data regarding the best treatment for pan-
creatoblastoma but as with hepatoblastoma, complete tumor 
excision appears to be crucial for a good outcome. 

 Pancreatoblastoma is a chemosensitive tumor and simple exci-
sion is associated with a high rate of local and metastatic recur-
rence, and the general principles for treatment are outlined as 
follows: 
   •      Some localized tumors have been treated with surgery alone.  
   •      Published case reports describe a varied response to chemo-
therapy, especially to cisplatin containing regimens that may be 
used pre - operatively to facilitate surgery  [33, 39 – 43] . The latter 
paper contains a description of seven cases over a 20 - year period 
in France. Cisplatin and doxorubicin was used in three of the four 
who were disease free at the time of publication and hence this 
regimen is suggested for unresectable tumors  [43] . Vannier 

  Table 19.2    Pancreatic tumors reported to the  NRCT , 1971 – 2005. 

   Histological classifi cation     Number     % of total  

   Malignant   
  Pancreatoblastoma    12    25  
  Islet cell carcinoma    4    8  
  Adenocarcinoma    2    4  
  Malignant carcinoid    1    2  
  Other (NHL, sarcoma, neuroblastoma, 

yolk sac tumor)  
  9    19  

   Non - malignant   
  Papillary cystic neoplasm    11    23  
  Islet cell tumor    3    6  
  Insulinoma    2    4  
  Gastrinoma    2    4  
  Cystadenoma    1    2  
  Acinic cell tumor    1    2  

describes a case which failed to respond to ifosfamide, vincristine, 
and actinomycin but responded to doxorubicin and cisplatin and 
remained disease free 40 months later at the time of publication 
 [41] .  
   •      Responses to vincristine/ifosfamide/actinomycin - D and etopo-
side/ifosfamide/epirubicin have also been described  [38, 44] .  
   •      Radiotherapy may have a role after local recurrence but this is 
based on a case report  [45] .     

  Follow  u p and  l ate  e ffects 
 Regular chest X - rays and ultrasound scans of the primary tumor 
site, together with AFP monitoring in AFP - secreting tumors, may 
detect recurrence before symptoms develop. Regular assessment 
of hearing, renal function, and echocardiograms in patients 
would be required following a cisplatin/doxorubicin chemother-
apy regimen. The extent of the surgery will determine assessment 
of pancreatic exocrine and endocrine function.  

  Summary and  f uture  m anagement 
 If the tumor is unresectable then in view of the many similarities 
between pancreablastoma and hepatoblastoma it is recom-
mended that pancreatoblastoma is treated in accordance with 
SIOPEL 3, i.e. the PLADO chemotherapy arm (cisplatinum 
80   mg/m 2  and doxorubicin 60   mg 2  infused over 48 hours) for a 
total of six courses. This approach is consistent with case reports 
described in the literature and incorporates a treatment plan 
which will be familiar to most pediatric oncology centres. 
Published evidence suggests that as in the case of hepatoblastoma, 
macroscopic surgical resection is important for cure and should 
be attempted after either two, three or four courses of PLADO 
depending on response. Radiotherapy may be indicated for either 
a persistently unresectable tumor or following grossly incomplete 
resection or microscopic disease. Primary surgery should not 
leave microscopic residue, so if this is likely to occur biopsy only 
should be performed. 

 Patients with pancreatoblastoma who are completely resected 
at presentation should have post - operative chemotherapy up to 
six courses of PLADO  –  cisplatin and doxorubicin. Under the 
auspices of the International Childhood Liver Tumor Strategy 
Group (SIOPEL) there is a plan to open an international protocol 
to examine the role of PLADO chemotherapy and, most impor-
tantly, to examine the biology of pancreatoblastoma in more 
detail.   

  Exracranial  r habdoid  t umors  (Box  19.4 )  

     Extracranial malignant rhabdoid tumors comprise less than 1% 
of childhood malignancies but their poor prognosis results in 
signifi cant relapses and death. They were fi rst recognized as a 
separate pathological entity in the 1980s  [46] , and have now been 
reported widely at most anatomical sites in the body. To date the 
exact cell type of derivation remains unknown. Although there 
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are many reports describing their lethal outcome  [47, 48] , there 
are no published series describing their management in a consist-
ent manner on national or international protocols. The epidemi-
ology, genetics and treatment of renal rhabdoid tumors are 
described in detail in Chapter  14 , and the emphasis of this current 
description will be of non - renal extracranial malignant rhabdoid 
tumors. However, a comparison of the treatment philosophies of 
renal rhabdoid tumors is also undertaken as this builds on the 
description found in Chapter  14 . 

  Epidemiology 
 Data from the UK National Registry of Childhood Tumors 
strongly suggest that rhabdoid tumors were incompletely diag-
nosed until quite recently, and that the date at which recorded 
incidence stabilized varied by primary site (Table  19.3 ). 
Approximate annual numbers of cases in the UK by primary site 
are: kidney, 2.3 (1981 – 2005); liver, 0.5 (1986 – 2005); other, 1.3 
(1986 – 2005). Table  19.4  shows survival by site with no evidence 
of trends in survival over time.    

  Table 19.3    Rhabdoid tumors by primary site and period of diagnosis reported 
to the  NRCT , 1981 – 2005. 

        Kidney     Liver     Other     Total  

  1981 – 1985    12    0    1    13  
  1986 – 1990    6    1    7    14  
  1991 – 1995    9    4    8    21  
  1996 – 2000    14    3    5    22  
  2001 – 2005    17    2    5    24  

  Table 19.4    Survival of children with rhabdoid tumors reported to the  NRCT . 

   Primary site     Years of diagnosis      n      1 year (%)     2 year (%)     3 year (%)     4 year (%)  

  Kidney    1981 – 2005    58    33    26    24    24  
  Liver    1986 – 2005    10    20    10    10    10  
  Other    1986 – 2005    25    40    32    24    19  

  Box 19.4    Exracranial rhabdoid tumors. 

        •      Rhabdoid tumors have a poor prognosis  

   •      Common sites are the kidney and liver but they occur at 
other sites  

   •      Most patients are less than 2 years of age  

   •      Characterized by a mutation in the  INI 1  gene which can be 
detected by immunohistochemial methods  

   •      Surgery and chemotherapy  –  based on doxorubicin and 
alkylating agents  –  is recommended for treatment  

   •      In Europe patients can be registered on the E p SSG non -  
rhabdomyosarcoma protocol     

  Clinical  p resentation 
 The commonest site of origin of malignant rhabdoid tumors is 
the kidney. The majority at this site present with either gross or 
microscopic hematuria. Another signifi cant fi nding is fever, and 
probably about a quarter of renal rhabdoids will have hypercal-
cemia. The overall patterns of presentation are summarized as 
 [49] : 
   •      Malignant rhabdoids at other anatomical sites outside the CNS 
usually present as a mass, often associated with fever and cachexia 
in patients with large tumors or extensive metastases.  
   •      Rhabdoid tumors of the kidney tend to metastasize to regional 
lymph nodes and lungs most frequently, but also to the liver, 
bone, and brain.  
   •      In addition, there has been an association between rhabdoid 
tumors of the kidney and distinct secondary tumors of the brain.     

  Staging in  e xtrarenal  m alignant  r habdoid  t umor 
 In keeping with pediatric soft tissue sarcomas, staging should 
be defi ned according to both the clinical tumor - node - metastases 
(TNM) staging classifi cation  [6]  and the IRS post - surgical group-
ing system. 

   TNM   s taging  c lassifi cation 
 The TNM T1 defi nition applies to tumors confi ned to the 
organ or tissue of origin, while T2 lesions invade contiguous 
structures: 
   •      T1 and T2 groups are further classifi ed as A or B according to 
tumor diameter,    ≤    or  > 5   cm respectively.  
   •      Regional node involvement is designated as N1 (no node 
involvement  –  N0).  
   •      Distant metastases at onset as M1 (no metastases  –  M0).     

   IRS   s ystem 
 After initial surgery, patients will be classifi ed according to the 
IRS system: 
   •      Group I includes completely - excised tumors.  
   •      Group II indicates grossly - resected tumors with microscopic 
residual disease and/or regional lymph nodal spread.  
   •      Group III includes patients with gross residual disease after 
incomplete resection or biopsy.  
   •      Group IV comprises patients with metastases at onset.      

  Treatment of  m alignant  r habdoid  t umor of the  k idney 
 In the UK, patients with malignant rhabdoid tumors of the 
kidney have historically been treated on two consecutive national 
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   •      Wagner  et al.  reported the successful treatment of two patients 
with distant metastatic rhabdoid tumor of the kidney using 
ifosfamide/carboplatin/etoposide (ICE) alternating with VDCy 
 [51] . Of note, one of the patients described in this report had 
recurrent disease following treatment with Regimen RTK; he had 
a complete response to one cycle of ICE followed by one cycle 
of VDCy.  
   •      Gururangan  et al.  reported encouraging, albeit transient, 
responses to ICE chemotherapy in patients with advanced - stage 
renal and extrarenal rhabdoid tumor  [47] .     

  Treatment of  e xtrarenal  m alignant  r habdoid  t umor 
 A retrospective review of patients with non - CNS extrarenal malig-
nant rhabdoid tumor was reported by the IRS Group  [56] . 
Twenty - six cases with features similar to MRT of the kidney were 
identifi ed among 3000 cases of childhood soft tissue sarcoma 
treated on the IRS Studies I – III. The tumors originated in the soft 
tissues of the extremities, trunk, retroperitoneum, abdomen, and 
pelvis. Of the 26 patients, only fi ve were alive, with survival times 
of 2 – 13 years. Hence, regardless of its tissue of origin, only 20 – 25% 
of patients with extrarenal malignant rhabdoid tumor survive. 

 During the same time period of UKW2 and UKW3, 22 chil-
dren were added to the UK National Registry of Childhood 
Tumors with extracranial, extrarenal rhabdoid tumors. Only one 
patient is alive at the time of writing. The survivor was treated on 
SIOP MMT 95 protocol which includes vincristine, actinomycin-
- D, ifosfamide, etoposide, epirubicin and carboplatin.  

  Follow  u p and  l ate  e ffects 
 It is likely, despite more recent aggressive and multimodal 
therapy, that the majority of MRT will relapse commonly in the 
lungs but also locally and in the CNS. The outcome at relapse is 
extremely poor and therefore frequent imaging whilst on follow 
up other than regular chest X - rays probably has limited value. 
For those few survivors late effects screening should include renal 
and cardiac assessment depending on the primary site and 
therapy used, and regular examination of irradiated areas as most 
will have received therapy at a relatively young age.  

  Summary and  f uture  t reatment 
 If feasible and safe, the tumor, whether renal or extrarenal, should 
be completely resected with good margins when fi rst encoun-
tered. Failing complete surgical removal, open surgical biopsy is 
the preferred approach. Intensive chemotherapy, usually based 
around doxorubicin and alkylating agents alternating with ICE -
 based chemotherapy of carboplatin, etoposide, and ifosfamide is 
advocated. The later is often substituted with cyclophosphamide 
as most patients will have a single kidney. Early radiotherapy to 
all sites of disease is more controversial as the median age tends 
to be less than 1 year, but is recommended nonetheless. The 
current lack in consistent treatment warrants international coop-
eration for multimodal protocols and as such this has been rec-
ognized by the Children ’ s Oncology Group (COG) in the USA 
and in Europe by the European paediatric Soft Tissue Sarcoma 

Wilms ’  tumor protocols (UKW2 and UKW3) with a combination 
of vincristine, actinomycin - D , and doxorubicin. In a recent audit 
of 21 patients with renal MRT treated on these protocols the 
overall survival was 35% (standard error 9%), with all the deaths 
occurring within 13 months of diagnosis. A more detailed analyi-
sis of this experience shows that: 
   •      Both Stage I patients survived, all three Stage II patients died 
and four of the nine Stage III patients survived.  
   •      Only one of the ( n    =   7) Stage IV patients survived. Two of the 
four Stage III patients who survived had local radiotherapy. 
Anecdotally there is one Stage IV MRT patient alive in the UK 
who was diagnosed in 1996 and, following initial nephrectomy, 
was treated with an intensive regimen consisting of courses of 
vincristine 2   mg/m 2 , carboplatin 500   mg/m 2 , epirubicin 100   mg/
m 2 , and etoposide 300   mg/m 2 , alternating with vincristine 2   mg/
m 2 , ifosfamide 7.5   g/m 2  and actinomycin - D 1.8   mg/m 2 , and fol-
lowed by a continuation regimen of oral etoposide  [49] .    

 In the United States patients with rhabdoid tumor of the 
kidney historically have been treated on the National Wilms ’  
Tumor Study Group (NWTSG) trials with agents such as vinc-
ristine, actinomycin, and doxorubicin, with or without cyclo-
phosphamide  [50, 51] . The outcomes attained with these agents 
were poor (Table  19.4 )  [52, 53] . The International Society of 
Pediatric Oncology (SIOP) reported similarly unfavourable out-
comes  [54] . To try to improve upon these results, NWTS - 5 
adopted a different treatment strategy consisting of carboplatin/
etoposide alternating with cyclophosphamide (Regimen RTK). 
Preliminary analysis of patients treated with this regimen revealed 
a survival percentage of 25.8%, implying that it was unlikely to 
demonstrate an improvement compared with previous studies, 
and this treatment arm was closed (Table  19.5 ).   

 Several case reports have documented the successful treatment 
of advanced or metastatic rhabdoid tumor of the kidney. 
   •      Waldron  et al.  used ifosfamide/etoposide (IE) alternating with 
vincristine/doxorubicin/cyclophosphamide (VDCy) to cure a 
patient with Stage IV rhabdoid tumor of the kidney with metas-
tases to the lung  [50] .  

  Table 19.5    Percentage survival for patients with rhabdoid tumor of the kidney 
on  NWTSG  studies. 

   Stage     NWTS 1 – 3 
 (number of 
patients)  

   NWTS 1 – 5  *   
 (number of 
patients)  

   NWTS - 5 Regimen 
RTK  †   
 (number of 
patients)  

  I    50% (6)    33.3% (15)    50.0% (2)  
  II    44% (9)    46.9% (25)    33.3% (3)  
  III    22% (37)    21.8% (58)    33.3% (9)  
  IV    0% (18)    8.4% (41)    21.4% (14)  
  V     –      –     0 % (3)  

    *     [55] .      †    Preliminary analysis of NWTS - 5, as of April, 2001.   
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tions of adrenocortical carcinoma for 1971 – 2000 by age and sex, 
with females accounting for 76% of registrations. The incidence 
in the USA is similar at 0.2 – 0.3 cases per million, but internation-
ally the incidence of ACC in southern Brazil, in particular the 
adjoining states of Sao Paulo and Parana, is 10 – 15 times that 
observed in the USA for reasons that are currently unclear.   

 Five - year survival in Britain increased from 25% in 1971 – 1980 
to 50% in 1991 – 2000  [2] . Subsequent mortality from subsequent 
malignancies is notably high. Among the seventeen 10 - year sur-
vivors among children diagnosed during 1971 onwards, there 
have been seven deaths, all from a second or later cancer.  

  Clinical  p resentation 
 A signifi cant body of evidence on presentation has been collected 
and published from the International Paediatric Adrenocortical 
Tumor Registry (IPACTR)  [62] . ACC typically presents during 
the fi rst 5 years of life with a smaller peak during adolescence and 
in the later group a higher incidence of non - functioning tumors. 
   •      Most ACC in children and adolescents are hormone secreting 
and the clinical presentation refl ects the pattern of adrenocortical 
hormones secreted by that tumor. Less than 10% of adrenocorti-
cal tumors are non - secreting.  
   •      Signs and symptoms of virilization are present in over 90% of 
cases. Hirsuitism, acne, and deepening of the voice may be appar-
ent in both sexes.  
   •      Girls may also present with cliteromegaly and facial hair while 
boys present with phallomegaly and virilization.  
   •      Cushing ’ s syndrome occurs in a third of cases with moon facies, 
centripetal fat distribution and plethora being the most common 
sign.  
   •      Hypertension is often present and children may present in 
hypertensive crisis.  
   •      Generally, ACC are ineffi cient in producing active hormones 
such as cortisol and about half will be large enough to palpate at 
diagnosis.     

  Investigations and  s taging 
 The following clinical, biochemical, and histological investiga-
tions contribute towards the diagnosis of ACC: 
  1     24 - hour urinary collection to measure steroid profi le: free cor-
tisol, 17 - hydroxycorticosteroids (17 - OH), and androgens.  
  2     24 hour urinary cathecholamines to exclude phaeochromocy-
toma.  

Study Group (E p SSG). Both groups have similar multimodal pro-
tocols as above with the hope of future cooperation and data 
sharing of this rare but extremely poor prognostic tumor.   

  Adrenocortical  c arcinoma 

  Introduction and  e pidemiology  (Box  19.5 )  
     Adrenocortical carcinoma (ACC ) is a cancer that arises from the 
adrenal cortex, the outer layer of the adrenal gland. And the 
epidemiological characteristics of this rare cancer of children are 
 [57] : 
   •      ACC comprises 0.2% of childhood malignancies with an inter-
national incidence of 0.5/1 million and occurs far more com-
monly in girls than boys (ratio 1.5   :   1).  
   •      A bi - modal age distribution curve with a peak incidence at 3.5 
and 57 years of age is seen.  
   •      Predisposing genetic factors have been implicated in    >    50 % of 
cases, probably    >    95 % cases in Brazil.  
   •      There is also an increased incidence of ACC in patients with 
isolated hemihypertrophy, Wiedemann - Beckwith syndrome, 
congenital adrenal hyperplasia (CAH) and Li - Fraumeni syn-
drome (LFS)  [58 – 60] . Although a rare component of this later 
syndrome, ACC occurs 100 times more frequently than would be 
expected.  
   •      Germline mutations of the  TP53  gene have been identifi ed in 
most but not all of the families with classic LFS  [61] . Molecular 
genetic analysis has shown that in most children with ACC, germ-
line TP53 mutations are present  [62, 63] , suggesting that presen-
tation with ACC in childhood may be the fi rst manifestation of 
this familial cancer syndrome within a family. In the Brazilian 
cases, in contrast, the patient ’ s family do not exhibit a high inci-
dence of cancer and a single consistent mutation of the  TP53  
gene is observed  [64]     .

 Data from The National Registry of Childhood Tumors (per-
sonal communication, Charles Stiller) demonstrates that inci-
dence rates were 0.40 per million at age 0 – 4 years, 0.12 at age 5 – 9 
years, 0.12 at age 10 – 4 years and 0.23 overall (age standardized). 
There was a marked excess of girls at all ages, with females 
accounting for 77% of registrations. Table  19.6  shows registra-

  Table 19.6    Adrenocortical carcinoma in The National Registry of Childhood 
Tumors 1971 – 2002. Number of registrations by age (years) and sex (M   =   male; 
F   =   female). 

        0 – 4     5 – 9     10 – 14     Total  

  M    12    3    3    18  
  F    36    12    12    60  
  Total    48    15    15    78  

  Box 19.5    Adrenocortical carcinoma (ACC). 

        •      ACC often occurs in genetically susceptible individuals  

   •      50 % of children with ACC will have Li - Fraumeni syndrome  

   •      Prognostic indicators include tumor size, extent of surgical 
resection and metastatic spread  

   •      Extensive or unresectable disease may respond to 
chemotherapy usually cisplatin based and mitotane  

   •      The IPACT registry is an important source of information for 
the management of ACC and the registration of patients     
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or mitotane. Due to the rarity of this condition no randomized 
or controlled studies have been performed. It is not completely 
clear whether chemotherapy or mitotane should be the initial 
treatment of choice, although an International Registry of 
Adrenocortical Tumors co - ordinated at St Jude ’ s Hospital rec-
ommends the use of both. 
   •      Mitotane, the ortho - prime derivative of an insecticide, dichlo-
rodiphenyl - dichloroethane (DDD), was serendipitously noted to 
cause adrenal necrosis, leading to its use in ACC  [69] .  
   •      Mitotane is usually effective in controlling the endocrine 
symptoms and may cause tumor regression but is not an anti -
 neoplastic agent.  
   •      A recent large retrospective study in adults concluded that 
mitotane did not have a signifi cant effect on survival  [70] .  
   •      There is, however, some evidence that mitotane is more effec-
tive in children than adults  [71 – 73] , particularly if the neoplasm 
is hormonally active  [74] .  
   •      Studies have shown that mitotane exhibits a clear dose response 
curve, being most effective when the serum level is  > 14   mg/l  [75] .    

 Unpleasant side effects, including gastrointestinal, neurologi-
cal, dermal, and miscellaneous, are common and very careful 
monitoring is essential. Side effects can be minimized by keeping 
the serum mitotane level between 14 and 20   mg/l and measuring 
it monthly  [75] . It is possible that the equivocal results achieved 
with mitotane refl ect the administration of sub - therapeutic levels 
of this drug, particularly as it has a narrow therapeutic window 
 [70, 76] . It is also important to recognize that higher than normal 
doses of mineralocoticoid and glucocorticoid therapy are required 
due to an increased serum steroid - binding capacity during mito-
tane therapy  [77] . 

 Effective chemotherapeutic agents include cisplatinum, etopo-
side, doxorubicin, 5 - FU and cyclophosphamide. However, they 
have been less well evaluated than mitotane  [67, 78 – 83] . 
   •      The combination of cisplatin, etoposide, and mitotane, whilst 
tolerable, may confer a survival advantage over chemotherapy 
alone in one adult study. However, no randomized trials have 
been performed with this combination  [79] .  
   •      The combination of mitotane with cisplatin, etoposide, and 
doxorubicin has been extensively used in children with ACT by 
the investigators of IPACTR with responses  [65, 84] .     

  Radiotherapy 
 Radiotherapy has been used but the use of this modality of treat-
ment in the presence of a high risk of genetic predisposition to 
cancer is not advised, indeed secondary tumors have been 
reported within the radiation fi eld  [85] .   

  Follow  u p and  l ate  e ffects 
 Since 50 – 80% of ACTs in childhood have a genetic basis, referral 
to a local cancer geneticist is recommended for appropriate 
genetic counselling, testing and family follow up. Associated syn-
dromes and genetic conditions include: 
   •      Li - Fraumeni syndrome.  
   •      Isolated hemi - hypertrophy.  

  3     Plasma samples for: electrolytes, glucose, calcium, 
cortisol, dehydroepiandrosterone sulfate (DHEA - S), testoster-
one, androstenedione, 11 - deoxycortisol, oestradiol, renin and 
17 - hydroxyprogesterone.  
  4     ACTH at 08.00 and 24.00 h.  
  5     CT/MRI scan of abdomen.  
  6     CT scan of chest.  
  7     Bone isotope scan.    

 The distinction between benign (adenomas) and malignant 
(carcinomas) tumors may not be easy although mitotic rate, 
venous, capsular or adjacent organ invasion, tumor necrosis and 
atypical mitosis determine aggressive behaviour and hence malig-
nancy. Tumor weight, and hence size and volume, and mitotic 
activity are usually the best discriminators and form part of the 
staging system as below (Table  19.7 ) used by the IPACTR  [65] .   

 At the time of diagnosis two - thirds will have limited disease 
(completely resected tumors), and the remaining patients have 
either unresectable or metastatic disease. Outcome is predicted 
by stage with excellent outcome for Stage I, ( > 90%) and very poor 
outcome for Stage IV, ( < 10%). In between it is more diffi cult but 
local recurrence probably occurs in 30 – 50% of Stage II disease  

  Treatment 
  Surgery 
     •      Complete, radical surgical resection is the treatment of choice 
and may be curative, especially in small tumors.  
   •      Patients achieving complete resection at Stage I survive signifi -
cantly longer than those with residual disease  [66] . In one recent 
series, survival rate reached 70% if resection was complete, but 
was a dismal 7% if complete resection was not achieved  [67] .  
   •      Surgical resection of isolated recurrence and metastatic disease 
is also indicated where possible.  
   •      Because of tumor friability, rupture of the capsule and tumor 
spillage can be frequent; up to 20% of cases in Sandrini ’ s series 
and is associated with a worse outcome  [68] . Infi ltration of the 
vena cava makes radical surgery diffi cult but resection in this 
clinical scenario has been reported in patients undergoing cardi-
opulmonary bypass  [66] .     

  Chemotherapy 
 In patients with incomplete resection or metastatic spread, i.e. 
stage II and above, treatment options include chemotherapy and 

  Table 19.7     IPACTR  staging for adrenal tumors. 

   Stage       

  I    Total excision of tumor, small tumor (100   g or  < 100   cm 3 ) Absence of 
metastases and normal hormone levels after surgery  

  II    Completely resected, large tumors ( > 200   cm 3 or  > 100   g) with normal 
post - operative hormone levels, tumor spillage during surgery  

  III    Gross or microscopic residual or inoperable tumor 
 Patients with retroperitoneal lymph node involvement  

  IV    Distant metastases  
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   •      Beckwith - Wiedemann syndrome.  
   •      MEN I.  
   •      Carney complex.    

 Follow up should involve regular surveillance with clinical 
examination, ultrasound examination of the abdomen, chest 
X - rays and estimations of urinary steroid profi les which were 
raised pre - operatively. It is also important to recognize that 
higher than normal doses of mineralocoticoid and glucocorticoid 
therapy are required due to an increased serum steroid - binding 
capacity during mitotane therapy. Patients need regular endo-
crine review during therapy and once therapies have fi nished, and 
have a lower threshold for adrenal gland crises, in particular 
during infection  [71 – 73] .  

  Summary 
 There is still much to be learned concerning the biology of ACC, 
in particular the relationship between genetic predisposition and 
environmental factors. For stage I patients, in the absence of entry 
into a phase III study, surgery only is recommended. The current 
COG study recommends retroperitoneal lymph node sampling 
to assess early metastatic spread which if detected and aggressively 
resected may reduce further local recurrence. In patients with 
stage II disease, the COG study recommends extended lymph 
node dissection, hopefully at the time of initial resection. For 
stage III and IV disease, eight cycles of chemotherapy, cisplatin -
 based with 8 months of mitotane concurrently, is recommended. 
This usually includes etoposide and more recently doxorubicin, 
the later combination being the chemotherapy in the COG study. 
Surgery to remove all measurable disease and retroperitoneal 
lymph nodes is recommended, usually after two to four cycles of 
chemotherapy. 

 The optimum treatment is still unclear, and enrolment of 
patients in the International Paediatric Adrenocortical Tumor 
Registry which COG has now adopted as a formal phase III study, 
is recommended if we are to make further progress in the man-
agement of this tumor. The emergence of the proposed COG 
study should encourage international cooperation to discover the 
optimal therapy for this rare tumor.   
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   Introduction 

 This chapter presents a series of summaries relating to common 
and important physical problems which arise as a consequence 
of cancer or its therapies. It covers: 
   •      Oncological emergencies.  
   •      Central venous access devices.  
   •      Symptom control (in relation to pain, gastrointestinal toxicity 
and nutrition).  
   •      The consequences of marrow suppression.  
   •      Venous thromboembolism.  
   •      Multidisciplinary team working.     

  Oncological  e mergencies 

  Spinal  c ord  c ompression 
 This may be defi ned as external compression of the spinal cord 
by malignant disease or its complications causing disruption of 
normal neurological functioning. 

  How  c ommon  i s  i t? 
 Spinal cord compression is a feature of many different malignan-
cies in childhood (see  ‘ What causes it? ’ ).  

  How  i s  i t  d iagnosed? 
 The symptoms of spinal cord compression vary with the level of 
the lesion. In almost all cases, pain and/or motor disability are 
present (see Table  20.1 ) The differential diagnosis includes vas-
cular accident or transverse myelitis.   

 A complete neurological examination should be undertaken as 
indicated by symptoms, to both confi rm signs which suggest cord 
compression and to provide a baseline for evaluating response to 
therapy. The imaging modality of choice is spinal MRI (Figure 
 20.1 )  [3] .    

  What  c auses  i t? 
 Almost all malignant conditions (including leukemia) have been 
associated with spinal cord compression in children (see Table 
 20.2 ).    

  How  s hould  i t  b e  m anaged? 
 Initial treatment with dexamethasone is used as a holding measure 
 [7] . Defi nitive treatment may be successfully undertaken with 
chemotherapy where rapid response is expected (e.g. neuroblas-
toma, lymphoma/leukemia) and this produces fewer long - term 
side effects than surgery and/or radiotherapy  [1, 6] . For other 
tumors these modalities remain essential.  

  What  i s the  o utcome? 
 The neurological outcome of spinal cord compression relates to 
the severity of impairment rather than the duration between 
symptoms and diagnosis  [1] . Those initially paraplegic may 
recover full function (estimates from 0% to 66%), but those with 
less severe symptoms have a greater chance (50% –  > 90%)  [1, 2, 
5, 6] .   

  Acute  b iochemical  d erangements 
  How  c ommon  a re  t hey,  w hen  d o  t hey  o ccur and  w hat 
 c auses  t hem? 
 Several acute biochemical derangements may complicate child-
hood malignancy or its treatment. Although the prevalence of 
the individual disorders is variable and in some cases poorly docu-
mented, collectively they are common. Those most frequently 
observed in children with malignancy include derangements of 
phosphate and potassium due to tumor lysis syndrome (TLS), 
hyper -  or hyponatremia, hypercalcemia, and the consequences of 
acute nephrotoxicity. Numerous other biochemical abnormali-
ties, with a wide variety of causes, may occur less frequently.  

  Tumor  l ysis  s yndrome 
  What  i s  t umor  l ysis  s yndrome? 
 TLS is the constellation of biochemical and consequent clinical 
abnormalities due to tumor cell necrosis occurring before or 
within the fi rst few days after initiation of therapy for malignan-
cies, especially leukemia  [8] .  
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   •      Burkitt ’ s lymphoma and other  ‘ bulky ’  non - Hodgkin lympho-
mas (NHL).  
   •      Acute lymphoblastic leukemia (ALL), especially with bulky 
organomegaly, large nodal masses, high white counts ( > 50    ×    10 9 /l) 
or mature B - cell ALL.  
   •      Acute myeloid leukemia (AML), especially if WCC  > 100    ×    10 9 /l).    

 Biochemical evidence of TLS has been reported in up to  ∼ 25% 
of mixed series of children and adults with acute leukemia and 
NHL, whilst clinically signifi cant TLS occurs in  ∼ 5%  [8, 9] . TLS 
may occur, albeit very rarely, in solid tumors. 

 Patients with hematological malignancy and a high disease 
burden (judged by white cell count or disease bulk), and those 
with a high pre - treatment urate concentration, are at high risk of 
developing TLS  [8, 10] .  

  What  c auses  i t? 
 TLS is due to malignant cell death with rapid release of intracel-
lular contents into the circulation. High risk malignancies are 
those with a high proliferative rate and sensitivity to chemo-
therapy  [8] .  

  How  i s  i t  d iagnosed? 
 The characteristic clinical/biochemical fi ndings are: 
   •      Hyperuricemia, leading to renal colic and arthralgia.  
   •      Hyperphosphatemia, resulting in tissue calcium phosphate 
deposition.  
   •      Hyperkalemia, resulting in muscle weakness, arrythmias, 
paresthesia.  
   •      Acute renal failure (ARF) due to hyperuricemia and acute 
nephrocalcinosis, which may cause fl uid overload and cardiac 
failure. Dialysis/hemofi ltration may be necessary.  
   •      Hypocalcemia (usually secondary to hyperphosphatemia), 
leading to paresthesia, tetany, carpopedal spasm, seizures and 
arrhythmias.     

  Table 20.1    Frequency of symptoms of spinal cord compression    [1, 2] .     

   Symptom     Proportion of patients (%)  

  Motor dysfunction     > 90  
  Radicular or back pain    55 – 95  
  Sensation change    12 – 56  
  Sphincter dysfunction    8.5 – 34  
  Asymptomatic    2 – 3  

ConusIntraspinal 
mass 

Spinal
cord 

Paraspinal 
mass      Figure 20.1     Compressed cord on MRI (with 

thanks to Dr Simon Bailey).  

  Table 20.2    Frequency of spinal cord dysfunction in childhood malignancies 
(includes presentation, relapse and progressive disease)    [1, 2, 4 – 6]  .    

   Tumour type     Overall % of tumor type with 
cord compression (%) ( n    =   3771)  

  Ewing ’ s sarcoma    19  
  CNS PNET    11  
  Retinoblastoma    8  
  Langerhans cell histiocytosis    7  
  Osteosarcoma    7  
  Neuroblastoma    6  
  Soft tissue sarcomas    5  
  Germ cell tumors    5  
  Non -  Hodgkin lymphoma    2  
  Hodgkin lymphoma    2  
  Others    1  
  Wilms ’  tumor    1  

   CNS PNET, central nervous system primitive neuroectodermal tumor.   

  How  c ommon  i s  i t and  w hen  d oes  i t  o ccur? 
 Most cases of TLS occur in hematological malignancy, 
especially: 
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   �      Other drugs  –  e.g. morphine, carbamazepine, thiazide 
diuretics  
   �      CNS tumors  
   �      Rarely Hodgkin disease (HD), NHL  
   �      Pulmonary infection    

   •      Iatrogenic (overhydration with hypotonic fl uids)  [17] .  
   •      Renal tubular sodium leakage: 

    �      Chemotherapy  –  especially platinum drugs (cisplatin, carbo-
platin)  [18, 19]   
   �      Cerebral salt wasting (especially post - neurosurgery)  [20]     

   •      Failure to give stress doses of corticosteroids.     

  Hypercalcemia 
 Although hypercalcemia may occur at diagnosis, relapse, or 
during disease progression, it is reported in only 0.4% of children 
with malignancy (25 of 3239 children treated at a single centre 
over 29 years)  [21] , compared with 5 – 20% in adults. Hypercalcemia 
may occur due to reduced renal calcium loss or increased bone 
resorption, often due to humoral factors (especially PTH - related 
peptide)  [22] . Many childhood malignancies may cause hyper-
calcemia  [21] : 
   •      Acute leukemia  –  44% (predominantly ALL), usually at initial 
presentation, responded well to therapy of malignancy and spe-
cifi c treatment of hypercalcemia.  
   •      Solid tumors  –  56% (variety of diagnoses, but rhabdomyosar-
coma largest single group), often later in disease course, less 
responsive.  

   �      Other reports have noted an association with infantile renal 
tumors  [23]        

  Nephrotoxicity 
 Several cytotoxic and anti - infective drugs may cause acute renal 
toxicity  [24] . The acute presentation is usually due to: 
   •      Acute renal (glomerular) impairment, which may be sub - 
clinical (revealed only by an elevated serum creatinine concen-
tration), or may lead to clinical manifestations including 
hypertension, fl uid retention, and the consequences of 
hyperkalemia.  
   •      Reduced renal tubular electrolyte reabsorption, with a number 
of patterns typical of individual drugs:  

   �      Platinum drugs (cisplatin, and to much lesser extent carbo-
platin)  –  hypomagnesemia (very common), hypocalcemia  
   �      Ifosfamide  –  hypophosphatemia (common), renal tubular 
acidosis, other electrolyte defi ciencies, very rarely nephrogenic 
diabetes insipidus  
   �      Amphotericin B  –  hypokalemia (very common, but may be 
reduced by use of amiloride  [25] ), hypomagnesemia (common); 
amphotericin nephrotoxicity is less common and severe with 
liposomal preparations  [26]   
   �      Aminoglycosides  –  electrolyte defi ciencies, especially hypo-
magnesaemia (usually after prolonged treatment)  [27]   
   �      Ciclosporin, tacrolimus  –  hypomagnesemia (common)  
[28, 29]        

  How  s hould  i t  b e  m anaged? 
 Prevention is easier than treatment. 
   •      Intravenous hydration (3   l/m 2 /day, without added potassium 
or alkali) is given for  ≥ 12 hours pre - chemotherapy, along with 
allopurinol (xanthine oxidase inhibitor) or, in high risk patients, 
rasburicase (urate oxidase).  
   •      Identifi cation of high - risk patients allows pre - treatment place-
ment of a central venous catheter that will enable hemodialysis/
hemofi ltration and careful monitoring of biochemistry and renal 
function.  
   •      Fluid balance should be managed carefully (give frusemide to 
maintain urine output), and blood pressure monitored and 
treated if elevated.  
   •      Treat electrolyte abnormalities (eg hyperkalemia) aggressively, 
and maintain close liaison with nephrologists.  
   •      Hyperuricemia ( > 0.5   mmol/l) should be treated with 
rasburicase.  
   •      Dialysis necessary in 2 – 3% of high - risk patients for renal 
failure, hyperkalemia or hyperphosphatemia  [10, 11] .     

  What  i s the  o utcome? 
 Improvements in identifi cation and management of high - risk 
patients have reduced the frequency of acute renal failure in TLS 
greatly. However, once established, TLS is a medical emergency, 
with high reported risks of ARF (45%) and death (15%) in one 
retrospective multicenter international study  [9] .   

  Other  a cute  b iochemical  d erangements 
  Hypernatremia 
 Uncontrolled central diabetes insipidus (CDI) causes polyuria, 
polydipsia, and a risk of severe hypernatremic dehydration. The 
causes of CDI in pediatric oncology include: 
   •      Suprasellar/chiasmatic tumors (or complicating their surgical 
treatment)  –  responsible for 23 – 55% of cases of CDI in two lon-
gitudinal series from pediatric endocrinology units  [12, 13] .  

   �      Craniopharyngioma  
   �      Pineal tumors  
   �      Intracranial germinoma  
   �      More rarely, optic tract (visual pathway) glioma    

   •      Langerhans cell histiocytosis (LCH)  –  CDI is an uncommon 
feature of LCH ( ∼ 1% in recent British Paediatric Surveillance 
Unit nationwide cohort study  [14] ), but still accounts for 10 – 15% 
of childhood CDI  [12, 13] .     

  Hyponatremia 
 The potential causes include: 
   •      Syndrome of inappropriate antidiuretic hormone secre-
tion (SIADH)  –  ADH secretion and hence urine osmolality and 
sodium inappropriately high (urine sodium  > 50   mmol/l) in 
relation to low/normal serum osmolality and sodium concentra-
tions, leading to increased water reabsorption with dilutional 
hyponatremia. SIADH may complicate  [15, 16] :  

   �      Chemotherapy  –  vincristine, vinblastine, cyclophosphamide, 
ifosfamide, cisplatin, melphalan  
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progressive solid tumors. Chemotherapy - induced nephrotoxicity 
may persist long after treatment withdrawal.    

  Superior  v ena  c ava  o bstruction 
  What  i s  i t and  w hen  d oes  i t  o ccur? 
 Superior vena cava (SVC) syndrome (SVCS) describes the 
clinical picture due to compression or complete obstruction of 
the SVC by a mediastinal mass. The term superior mediastinal 
syndrome (SMS) describes the association of SVCS with tracheal 
compression.  

  How  c ommon  i s  i t? 
 SVCS is rare, occurring in  < 1% of newly diagnosed pediatric 
malignancies  [33] .  

  What  c auses  i t? 
 Several pediatric malignancies may present, relapse, or progress 
with mediastinal masses leading to SVCS (Box  20.1 ).   

 Most cases of SVCS presenting at initial diagnosis are due to 
hematological malignancies, whereas SVCS at disease relapse is 
often due to solid tumors  [33] . 

 In addition, CVAD - associated thrombosis may cause SVCS 
 [34] , and disseminated infection (e.g. candidiasis) is a rare 
cause  [33] .  

  How  i s  i t  d iagnosed? 
 SVCS has a characteristic clinical presentation, often with rapid 
onset and progression (especially in NHL or T - ALL): 
   •      Ill patient.  
   •      Facial, neck and upper thoracic plethora, edema, cyanosis.  
   •      Distended jugular and collateral chest wall veins.  
   •      Anxious, impaired conscious level (cerebral edema).  
   •      Occasionally  –  dysphagia, hoarse voice (vocal cord paralysis), 
Horner ’ s syndrome.    
 Some features are due to compression of the trachea or main 
bronchi (SMS): 

  How  a re  t hey  d iagnosed? 
 Usually by biochemical monitoring, but sometimes present with 
characteristic clinical manifestations, e.g.: 
   •      Hypernatremia  –  anorexia, nausea, weakness, altered mental 
status, irritability, progressing to stupor, fi ts, and coma; signs of 
dehydration and volume depletion may be present if treatment 
delayed or inadequate.  
   •      Hyponatremia  –  nausea, lethargy, progressing to confusion, 
fi ts, coma.  
   •      Hypokalemia  –  muscle weakness, cardiac arrhythmias.  
   •      Hyperkalemia  –  cardiac arrhythymias.  
   •      Hypocalcemia or hypomagnesaemia  –  tetany, convulsions, 
cardiac arrhythmias.  
   •      Hypercalcemia  –  nausea, constipation, abdominal pain, ano-
rexia, irritability, muscle weakness, polyuria leading to dehydra-
tion, renal damage (risk of nephrocalcinosis).  
   •      Hypophosphatemia  –  muscle weakness, rickets.  
   •      Renal tubular acidosis  –  acidotic breathing.     

  How  s hould  t hey  b e  m anaged? 
 If possible, the underlying cause should be treated or removed. It 
is seldom justifi able to stop potentially curative chemotherapy, 
but the regimen may be modifi ed (e.g. dose reduction, substitut-
ing cylophosphamide for ifosfamide). Specifi c treatment strate-
gies include: 
   •      Excessively rapid correction of hyper -  and hyponatremia 
should be avoided since it may cause irreversible neurological 
damage  [30, 31] .  
   •      Hypernatremia in CDI  [31]  should be corrected carefully 
and slowly ( ≤ 12   mmol/l per 24 hours), usually with intravenous 
(i.v.) 0.45% saline. May need initial resuscitation with i.v. 
isotonic fl uid if hypovolemic at presentation. DDAVP (desmo-
pressin) may be needed acutely, especially in immediate 
post - neurosurgical CDI  [32] . Endocrine input  ±  intensive care 
essential.  
   •      SIADH  [15]   –  fl uid restriction, with nephrology input  ±  inten-
sive care if neurological symptoms present; serum sodium con-
centration should be raised slowly ( < 2   mmol/l/hour).  
   •      Hypercalcemia  [21, 22]   –  vigorous hydration with intravenous 
saline,  ±  frusemide (given with care to avoid hypovolemia), to 
improve renal calcium clearance. Additional specifi c strategies 
may include:  

   �      Bisphosphonates (e.g. pamidronate)  –  reduce bone resorp-
tion and osteoclast activity  
   �      Calcitonin  –  inhibits bone resorption and renal tubular 
calcium reabsorption    

   •      Renal tubular electrolyte leakage  –  regular oral electrolyte sup-
plementation (dose titrated as necessary) usually suffi cient for 
prevention of complications, but intravenous treatment often 
necessary in acutely ill children.     

  What  i s the  o utcome? 
 Most acute biochemical derangements can be readily treated, 
although hypercalcemia may be refractory in the presence of 

  Box 20.1    The commonest causes of superior cava 
vena obstruction   [33]  . 

  Classically  a nterior  s uperior  m ediastinal  m ass 

     •      Non - Hodgkin lymphoma (approximately 30%)  

   •      Acute lymphocytic leukemia (especially T - cell) (25%)  

   •      Hodgkin disease (10 – 20%)     

  Posterior  m ediastinal  m ass 

     •      Germ cell tumor (teratoma) ( < 10%)  

   •      Neuroblastoma ( < 10%)     

  Sarcoma ( < 10%)  –   o ften  m iddle  m ediastinal  m ass ( h eart, 
 g reat  v essels)    

  Thymoma ( r are)  –   a nterior  s uperior  m ediastinal  m ass    
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  Hyperleucocytosis 
 Hyperleucocytosis is usually defi ned as the presence of a periph-
eral white cell count (WCC)  > 100    ×    10 9 /l. This has a risk of 
potentially fatal clinical sequelae. 

  How  c ommon  i s  i t and  w hen  d oes  i t  o ccur? 
 Hyperleucocytosis is present in: 
   •      Most children with chronic phase, and nearly all with acceler-
ated phase or blast crisis, chronic myeloid leukemia (CML)  [36] .  
   •      Up to  ∼ 20% children with AML, especially those with infantile 
AML.  
   •      Up to  ∼ 10% children with ALL, especially those with infantile, 
T - cell or Philadelphia positive ALL  [37] .    

 The threshold for developing clinical symptoms is variable: 
lower in AML (typically  > 200    ×    10 9 /l) due to larger size of mye-
loblasts, and higher in ALL and CML (typically  > 300    ×    10 9 /l).  

  What  c auses  i t? 
 The clinical features of hyperleucocytosis are caused by increased 
blood viscosity, blast cell aggregation and endothelial damage, 
which promote leucostasis and thrombosis.  

  How  i s  i t  d iagnosed? 
 In the presence of hyperleucocytosis (i.e. WCC  > 100    ×    10 9 /l), 
symptoms/signs of clinically signifi cant sequelae include: 
   •      Central nervous system (CNS)  –      altered mental status / con-
sciousness, headache, visual disturbance, retinal hemorrhage, 
cranial nerve palsies.  
   •      Pulmonary  –      tachypnea, hypoxia, respiratory failure, pulmo-
nary infi ltrates on chest X - ray.  
   •      Cardiovascular  –      congestive cardiac failure.  
   •      Hematological  –      coagulopathy, bleeding (CNS, pulmonary, 
mouth, epistaxis, gastrointestinal, uterine).  
   •      Renal  –      acute renal failure.    
 Children with hyperleucocytosis are also at high risk of develop-
ing TLS.  

  How  s hould  i t  b e  m anaged? 
 Prevention is preferable to treatment. Therefore, it is important 
to start anti - leukemic treatment as soon as possible, as well as 
taking steps to prevent TLS (see Tumor Lysis Syndrome). 
   •      Avoid blood transfusion (which may increase blood viscosity) 
if at all possible, but;  
   •      Give platelet transfusion to decrease risk of CNS hemorrhage 
if platelets  < 20    ×    10 9 /l (this will not increase blood viscosity 
signifi cantly).  
   •      Consider leucopheresis or exchange transfusion in patients 
with very high WCC ( > 200    ×    10 9 /l), especially in the presence of 
symptoms/signs of hyperleucocytosis, but the benefi t is only 
temporary.     

  What  i s the  o utcome? 
 Historically, the reported mortality rate of hyperleucocytosis in 
children was higher in AML (23%) than in ALL (5%)  [38] , most 

   •      Dyspnea, tachypnea, cough, wheezing, stridor.  
   •      Orthopnea  –  avoid placing patients in supine position (may 
precipitate complete tracheal obstruction).    

 Chest X - ray reveals the mediastinal mass, sometimes with 
associated pulmonary collapse/consolidation, pleural or pericar-
dial effusion. CT scan reveals the extent of tracheal compression 
more accurately. Suspected CVAD - associated thrombosis may be 
demonstrated by echocardiography or Doppler ultrasound. 

 The effects of SMS in younger children are exacerbated by the 
relatively smaller tracheal diameter.  

  How  s hould  i t  b e  m anaged? 
 Ideally, urgent biopsy should be sought to permit tissue dia-
gnosis, but not at the cost of catastrophic respiratory collapse 
precipitated by general anesthetic (GA) in patients with incipient 
large airways obstruction. Such patients should be managed in 
an upright position. Important diagnostic information may be 
obtained by other means without GA, e.g.: 
   •      Blood count.  
   •      Bone marrow aspirate/biopsy or lymph node biopsy under 
local anesthetic.  
   •      Pleural aspirate.    

 Defi nitive treatment is required urgently. Chemotherapy, 
guided by the underlying diagnosis, is usually rapidly effective. 
Occasionally, presumptive treatment (e.g. with steroids) may 
need to be commenced to reduce the mediastinal mass in the 
absence of a defi nite diagnosis. If so, defi nitive investigations, 
based on the likely differential diagnosis (e.g. including lumbar 
puncture for suspected ALL), should be performed as soon as 
deemed safe, although histology may have been rendered unin-
terpretable. Radiotherapy is effective, but may cause initial 
increased respiratory distress due to tumor swelling, and is now 
seldom employed. Rarely, surgery may be required in less chemo -  
or radiosensitive malignancies. 

 Central venous access device (CVAD) - associated thrombosis 
should be treated by thrombolytic therapy (which may be deliv-
ered via the CVAD), which is usually followed by systemic anti-
coagulation (often with low molecular weight heparin). 

 Patients with mediastinal masses due to T - cell ALL or NHL 
are at high risk of TLS, and should be managed accordingly 
(see above). Although central venous access should ideally 
be placed before commencing treatment, this is not always 
feasible. Since these malignancies are usually very chemosensi-
tive, most contemporary treatment protocols incorporate a 
 ‘ gentler ’  cytoreductive prephase of prednisolone  ±  low dose 
cyclophosphamide for a few days  [35]  in an effort to reduce 
the size of the mediastinal mass whilst avoiding signifi cant TLS. 
This is then followed by full dose combination  ‘ induction ’  
chemotherapy.  

  What  i s the  o utcome? 
 SVCS/SMS is potentially life threatening, but most of the under-
lying malignancies have a good prognosis.   
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 L - asparaginase produces intracranial thrombosis, vincristine 
may cause hyponatremia  [52]  (or act directly  [53] ), intrathecal 
and high - dose methotrexate, and ifosfamide cause seizure and 
encephalopathy  [50, 54]  and many other medications lower the 
seizure threshold. Neurosurgery  [55]  and radiotherapy  [56]  also 
produce risks of seizures.  

  How  s hould  i t  b e  m anaged? 
 Convulsive status epilepticus is a medical emergency, and requires 
treatment (see Figure  20.2 ).   

 Non - convulsive status epilepticus is signifi cantly more diffi cult 
to diagnose. It should be treated as convulsive status epilepticus, 
but with less urgency  [47] .  

  What  i s the  o utcome? 
 Most children who do not have a primary brain tumor will only 
have a single seizure.  [49, 57] . It is uncommon for a chronic 
seizure disorder to develop, and if it does, it is often related to a 
structural brain abnormality  [48, 57] . For those who have a 
primary brain tumor, a higher proportion develops epilepsy, 
including late - onset seizures  [55, 56, 58] .   

  Hypertension 
 Hypertension is defi ned as persistently raised systolic (SBP) or 
diastolic blood pressure (DBP) (see Box  20.3 )  [59] .   

  How  c ommon  i s  i t? 
 Hypertension as a presenting feature varies according to disease 
type and may develop during treatment (see  ‘ What causes it? ’ ).  

  How  i s  i t  d iagnosed? 
 Hypertension should be diagnosed by comparing three separate 
blood pressure measurements using a validated and calibrated 
device against age/sex/height normalized values  [59] . 

 In cases of severe hypertension, the symptoms of headache and 
lethargy may be present, developing into visual disturbance, 

commonly due to CNS hemorrhage or thrombosis, pulmonary 
leucostasis or the consequences of TLS. Although more recent 
series describe lower mortality rates of approximately 2% in 
hyperleucocytosis associated with ALL  [39] , recent analyses of 
BFM and Dutch AML trials demonstrate that 2.5 – 4% of children 
died within 15 days of starting treatment due to leucostasis or 
bleeding  [40, 41] .   

  Seizures 
 Seizures are defi ned by the International League Against Epilepsy 
(ILE) as the  ‘ manifestation of excessive hypersynchronous, 
usually self limited, activity of neurones in the brain ’   [42] . They 
may have motor, non - motor and dyscognitive elements. 

  How  c ommon  a re  t hey? 
 Seizures are a relatively common occurrence in children being 
treated for malignancy. Around 10% of patients with primary 
brain tumors may have seizures  [43] . In solid tumors, the propor-
tion is about 5%  [44, 45]  and in acute lymphoblastic leukemia, 
it is even lower ( ∼ 2%) (Box  20.2 ).    

  How  i s  i t  d iagnosed? 
 Seizures are diagnosed clinically.  Status epilepticus  is defi ned as 
an epileptic seizure (or recurrent seizures without full recovery) 
lasting longer than 30 minutes  [46] . 

 After emergency management, further investigations should 
include neurological examination, a septic screen, full blood 
count, electrolytes, calcium, magnesium, and serum glucose esti-
mation  [47] . An urgent CT scan should be undertaken and if this 
reveals no cause, an MRI of the brain may be helpful. One -  to 
two - thirds of patients have been shown to have abnormal brain 
imaging  [48 – 51].   

  What  c auses  i t? 
 The general causes of seizures in pediatric oncology patients are 
listed in Table  20.3 .   

  Box 20.2    Seizure key facts. 

        •      Seizures are common in pediatric oncology patients  

   •      Most seizures have a defi nable cause:  

  Drug - related  

  Thrombosis or bleed involving the central nervous system  

  Metabolic disturbance  

  Tumor or infi ltration  

  Infection  

  Hypoxia    

   •      Status epilepticus is a medical emergency and needs rapid, 
intensive management     

  Table 20.3    Causes of seizures   (data from  [48, 50, 51] )     

   Cause     Overall %  

  Unknown    17  
  Drugs    14  
  Leukoencephalopathy    12  
  Metastasis / infi ltration    11  
  Stroke    11  
  Metabolic    9  
  Hypertension    7  
  Central nervous system infection    7  
  Multiple causes    4  
  Systemic sepsis    3  
  2nd tumor/relapse    3  
  Venous sinus thrombosis    2  
  Other defi ned cause    3  
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altered mental status, and fi nally seizure and coma. Imaging of 
the renal tract is warranted to rule out immediately remediable 
causes.  

  What  c auses  i t? 
 A variety of tumor types have been associated with hypertension 
at diagnosis (Table  20.4 ). Treatment may induce hypertension: 
by pain, medication (e.g. steroids or ciclosporin), renal impair-
ment (e.g. cisplatin - induced), thrombosis or surgical/radiation -
 induced renal vascular damage. The pathophysiology varies; 
Wilms ’  tumor may produce renin  [60] , leukemia/lymphoma may 
have renal infi ltration  [61]  and neurogenic tumors produce 
vasoactive peptides  [62] .    

Airway

Give high flow oxygen
Measure blood glucose
Confirm epileptic seizure
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0.1 mg/kg i.v. 1. DIAZEPAM 0.5 mg/kg PR

2. LORAZEPAM
(give over 30–60 seconds) (give with the same volume of olive oil)

Seizure continuing at 10 minutes

CALL FOR SENIOR HELP

3. PHENYTOIN 18 mg/kg i.v. OVER 20 MINUTES
or
IF ALREADY ON PHENYTOIN GIVE PHENOBARBITONE 20 mg/kg i.v. OVER 10 MINUTES

(Use intraosseous route if still no i.v. access)

AND

PARALDEHYDE 0.4 ml/kg PR + SAME VOLUME OF OLIVE OIL IF NOT
ALREADY GIVEN

AND

CALL ON-CALL ANESTHETIST OR INTENSIVE CARE MEDIC

Seizure continues 20 minutes after commencing step 3

4. RAPID SEQUENCE INDUCTION OF ANESTHESIA USING THIOPENTONE
4 mg/kg i.v.

TRANSFER TO INTENSIVE CARE UNIT

Seizure continuing at 10 minutes

0.1 mg/kg i.v. 2. PARALDEHYDE 0.4 mg/kg PR

NO i.v. ACCESS

Breathing Circulation

     Figure 20.2     Management of convulsive status 
epilepticus ( [46]  with permission).  

  Box 20.3    Hypertension  –  key facts  . 

        •      Hypertension is systolic or diastolic blood pressure  > 95th 
percentile for age, sex and height  

   •      Severe hypertension is systolic or diastolic blood pressure 
 > 99th percentile   +   5   mmHg  

   •      Investigation and treatment should be undertaken urgently in 
symptomatic or severe hypertension  

   •      Wilm ’ s tumor, neurogenic tumors (e.g. neuroblastoma) and 
lymphoma/leukemia are frequently associated with 
hypertension     



Part IV Supportive Care, Long-Term Issues, and Palliative Care

342

effect of a mass lesion. It is also reported with ATRA  [72] , 
ciclosporin  [73] , hemorrhage  [74] , and infection  [48] . Failure of 
ventricular shunts is a common cause of raised ICP  [70, 75] .  

  How  s hould  i t  b e  m anaged? 
 The management of severe raised ICP requires emergency treat-
ment and neurosurgical input. Treatment should maintain cer-
ebral perfusion pressure, remove any identifi able cause, or divert 
the fl ow of CSF. The patient may benefi t from dexamethasone 
(although supportive data are scanty  [76] ). Intracranial pressure 
monitoring, sedation, intubation, mild hypercapnea, and osmotic 
diuretics may be required  [77] . 

 Less severe raised ICP can be managed symptomatically with 
dexamethasone while investigations are underway. Towards the 
end of life, it may be inappropriate to treat raised ICP  [76] .  

  What  i s the  o utcome? 
 In extreme cases, raised ICP leads to seizures, coma and death by 
tonsillar herniation. In most cases, the outcome relates to the 
underlying cause.   

  Septic  s hock 
 Septic shock is the extreme end of a continuum of infl ammatory 
responses to an infectious stimulus.  ‘ Sepsis ’  is the syndrome of 
infection - induced systemic infl ammatory response.  ‘ Severe 
sepsis ’  adds organ dysfunction and/or hypoperfusion abnormali-

  How  s hould  i t  b e  m anaged? 
 Symptomatic severe hypertension requires closely monitored 
intravenous anti - hypertensive treatment. The aim should be to 
reduce the BP by 25% or less in 8 hours, then to the 95th percen-
tile gently over 48 hours  [59] . Hydralazine, labetalol, and sodium 
nitroprusside may be used. 

 Anti - hypertensive treatment is recommended for all children 
with an underlying cause for their hypertension. Investigations 
with urine and plasma catecholamines and renin levels, abdomi-
nal ultrasound, or brain imaging may be appropriate. The general 
principle of starting at a low dose of antihypertensive and increas-
ing incrementally is widely accepted  [59] .  

  What  i s the  o utcome? 
 Severe hypertension in childhood is associated with acute adverse 
events (such as hypertensive encephalopathy, seizures, cerebrov-
ascular accident and congestive cardiac failure)  [59, 61, 64, 65] . 

 There is a strong presumption that hypertension in childhood 
and young adult life will lead to cardiovascular problems  [59]  
though the evidence is weaker than for adult hypertension. Many 
survivors of childhood cancer have ongoing problems with 
hypertension  [66] .   

  Raised  i ntracranial  p ressure 
 Signifi cantly raised intracranial pressure is defi ned as cerebrospi-
nal fl uid (CSF) pressure  > 20   mmHg  [67] . 

  How  c ommon  i s  i t? 
 Raised intracranial pressure (ICP) is a common presenting 
feature of CNS tumors  [43] . About 60% have some features of 
raised ICP at diagnosis, ranging from 80% in posterior fossa 
masses to  < 10% of spinal cord primaries. Raised ICP is an occa-
sionally noted presenting feature of non - CNS tumors  [68, 69]  
(Box  20.4 ).    

  How  i s  i t  d iagnosed? 
 The key clinical features vary with age (see Table  20.5 ) and may 
be diffi cult to detect, except in retrospect. Emergency CT scan is 
indicated to confi rm the diagnosis and identify any remediable 
cause  [71] .    

  What  c auses  i t? 
 Raised ICP is caused by imbalance in CSF production and absorp-
tion within the CNS. In primary presentations it is commonly the 

  Table 20.4    Frequency of hypertension at diagnosis of malignancy   (data from 
references  [60 – 63] ) .    

   Tumour type     Proportion with hypertension (%)  

  Phaeochromocytoma     ∼ 100  
  Wilms ’  tumor    40 – 55  
  Neuroblastoma    10 – 30  
  Acute lymphoblastic leukemia     ∼ 25  

  Box 20.4    Raised intracranial pressure  –  key facts  . 

        •      Raised intracranial pressure presents differently at different 
ages, but headache (or irritability), vomiting with/without 
nausea and drowsiness are important early symptoms  

   •      Central nervous system tumors, medication, infection and 
bleeding are all potential causes  

   •      Changes in conscious level denote an emergency situation 
 –  urgent stabilization and neurosurgical advice are required     

  Table 20.5    Signs and symptoms of raised intracranial pressure    [43, 70]   .   

   Infants     Older children  

  Irritability    Change in personality  
  Lethargy/drowsiness    Lethargy/drowsiness  
  Head banging/holding    Headache (especially  ‘ early morning ’ )  
  Vomiting    Vomiting +/ –  nausea  
  Macrocephaly      
  Bulging fontanelle      
  Developmental regression    Ataxia (late)  
  Squint    Diplopia  
  Papilloedema (late)    Papilloedema (late)  
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  How  s hould  i t  b e  m anaged? 
 An international consensus and systematic review produced the 
 ‘ Surviving Sepsis ’  guidelines in 2004  [78] . Prompt recognition 
and treatment of sepsis is emphasized, before progression to 
severe sepsis. Early resuscitation with fl uid, use of inotropes, early 
mechanical ventilation and consideration of steroids are all 
important.   

 A bolus of fl uid is 20   ml/kg given over 5 – 10 minutes, capped 
at 500 – 1000   ml. It is uncertain whether saline or albumin is the 
preferable resuscitation fl uid for children  [84] . In critically ill 
adults, 4.5% albumin is no better than 0.9% saline in fl uid resus-
citation  [85] . Fluid refractory shock requires inotropes and inten-
sive care therapy  [78] .  

  What  i s the  o utcome? 
 Septic shock remains potentially fatal  –  up to 50% of patients who 
are admitted to pediatric   ICU with three organ dysfunction die 
 [86] . Severe septic shock outcomes may be improved if we can 
achieve more rapid recognition and effective treatment of hypo-
tensive, hypovolemic, and hypoxic patients before they decom-
pensate  [78] .   

  Pleural and  p ericardial  e ffusions 
 Pleural or pericardial effusions result from abnormal accumula-
tion of fl uid into the pleural or pericardial sacs, and may be due 
to local or systemic neoplastic disease, or complications of its 
treatment. Those effusions due to malignancy itself usually occur 
at diagnosis or relapse, and may become persistent in the context 
of progressive disease. 

  How  c ommon  a re  t hey, and  w hat  c auses  t hem? 
 Although pleural effusions are relatively common presentations 
of malignancy or complications of its treatment in children, peri-
cardial effusions are rarer. There are no published data concern-
ing their overall frequency, but the commoner causes of effusions 
in children with malignancy include: 
   •      The malignancy itself  [87] :  

   �      Leukemia  –  pleural (commoner) and/or pericardial effusions 
may occur in ALL (especially T - cell), and rarely in AML (espe-
cially M5)  [88, 89]   
   �      Lymphoma  –  predominantly pleural effusions, commoner in 
NHL (especially T - cell) than Hodgkin disease  
   �      Wide variety of solid tumors, including sarcomas (rhabdomy-
osarcoma, soft tissue, Ewing, osteosarcoma), neuroblastoma, 
medulloblastoma (pleural and/or pericardial)  [87]     

   •      Treatment: 
    �      Radiotherapy  –  pericardial and/or (less commonly) pleural  
   �      Colony stimulating factors (CSFs)  [90]   –  pericardial and/or 
(less commonly) pleural  
   �      Drugs  –  a few case reports or small case series have described 
pleural effusions associated with chemotherapy (rare, e.g. 
cyclophosphamide, methotrexate)  [91]  or tyrosine kinase 
inhibitors (e.g. dasatinib)  [92]     

ties.  ‘ Septic shock ’  is hypotension unresponsive to 40   ml/kg fl uid, 
with organ dysfunction and/or hypoperfusion  [78] . 

  How  c ommon  i s  i t? 
 Septic shock is uncommon (severe sepsis requiring intensive care 
occurs in less than 5% of episodes of febrile neutropenia  [79] ).  

  How  i s  i t  d iagnosed? 
 Sepsis is defi ned by clinical and laboratory fi ndings (abnormal 
serum glucose, lactate or acute phase reactants) that demon-
strate an infl ammatory response to a presumed infectious 
source  [78] .  

  What  c auses  i t? 
 The pathophysiology of the sepsis syndrome is complex. It 
occurs when the initial infl ammatory response to infection 
becomes amplifi ed, then dysregulated  [80] . It includes factors 
related to the infectious organism and also the host response  [81] . 
The most common infectious organisms in immunocompro-
mised oncology/hematology patients can be summarized as in 
Table  20.6 .   

 It is notable that Gram positive organisms account for 33 – 50% 
of admissions to intensive care units (ICUs), despite the prevail-
ing wisdom that Gram negative bacteremia is the cause of most 
severe septic episodes.  

  Table 20.6    Common bacterial causes of sepsis   from  [79, 82, 83]  .    

   Gram positive     Gram negative  

  Coagulase negative staphylococci     E. Coli   
  Streptococci    Klebsiella  
   Staphlycoccus aureus     Enterobacter spp  
      Stenotrophomonas  

  Box 20.5    Septic shock  –  key facts  . 

        •      Sepsis is characterized by signifi cant clinical signs in response 
to infection:  

  Tachycardia  

  Tachypnea  

  Poor peripheral perfusion  

  Altered mental status  

  Raised serum lactate    

   •      Severe sepsis is sepsis with hypotension or end - organ 
dysfunction  

   •      Septic shock is severe sepsis which does not respond to 40   ml/
kg fl uid     
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  Hemorrhage and  b leeding 
 Acute thrombocytopenic hemorrhage was a common cause of 
death in leukemic patients prior to the development of effective 
platelet transfusion support in the early 1960s, accounting for 
63% of deaths in one autopsy study  [98] . 

 Life - threatening bleeding is now rare in children with malig-
nancy, but high - risk clinical scenarios include: 
   •      Leukemia  –  at initial presentation, relapse or during progres-
sion  [99] :  

   �      Especially acute promyelocytic leukemia (APL, M3 AML), 
and (to a lesser extent) M5 AML  
   �      Associated risk factors include hyperleukocytosis, thrombo-
cytopenia and infection    

   •      Severe thrombocytopenia following intensive chemotherapy or 
hemopoietic stem cell transplantation (HSCT)  [100] : 

    �      Frequently associated with mucosal damage, e.g. mucositis, 
hemorrhagic cystitis    

   •      Rarer causes of bone marrow failure  –  e.g. aplastic anemia 
 [101] .  
   •      Disseminated intravascular coagulation (DIC), usually compli-
cating newly diagnosed acute leukemia (especially APL) or severe 
infection  [102] .  
   •      Invasive solid malignancies  –  may complicate progressive 
disease  [103] .  
   •      Severe invasive infection, especially moulds (e.g. aspergillosis) 
 –  uncommon  [104, 105] .    

  What  c auses  i t? 
 Severe thrombocytopenia is the commonest underlying factor, 
but clotting factor defi ciency may complicate APL or DIC. 
Although major vascular invasion by tumor or infection is rare, 
it is often life - threatening. Many episodes of severe hemorrhage 
are multifactorial.  

  How  i s  i t  d iagnosed? 
 The diagnosis of major hemorrhage is usually clinically obvious: 
   •      Site of overt blood loss, especially gastrointestinal, hemorrhagic 
cystitis, respiratory.  
   •      Hypovolemic shock.    
 However, especially in the appropriate clinical context, it is 
important to maintain a high index of suspicion of more subtle 
presentations of incipient major bleeding, e.g. unexplained tachy-
cardia and/or hypotension and/or falling hemoglobin.  

  How  s hould  i t  b e  m anaged? 
 The management of major hemorrhage includes: 
   •      Urgent volume replacement (crystalloid and/or colloid) fol-
lowed by red cell transfusion  [106]   –  there is no consistent evi-
dence for superiority of colloids over crystalloids in hypovolemic 
shock  [107]   
   •      Optimizing hemostasis:  

   �      Thrombocytopenia  –  platelet transfusion(s)  
   �      Coagulopathy  –  clotting factor support, especially in DIC and 
APL  [102, 108]     

   •      Infection  –  tuberculosis, pneumococcal, aspergillus (pleural 
and/or pericardial)  
   •      Graft - versus - host disease (GvHD)  –  pleural and/or pericardial 
(rare)  [93] .     

  How  a re  t hey  d iagnosed? 
 Both pleural and pericardial effusions may present with: 
   •      Dyspnea  
   •      Orthopnea  
   •      Chest pain  
   •      Irritable cough.    
 Clinical signs, although usually obvious in larger effusions, may 
be diffi cult to elicit, especially in younger children, and small 
effusions may only be detected radiologically (including echocar-
diography). Large pericardial effusions may lead to cardiac 
tamponade. 

 Diagnostic evaluation depends on the clinical context (the 
cause may be obvious in progressive disease) and includes 
fl uid aspiration and measurement of protein concentration, cell 
count, microscopy, culture, cytology, and immunophenotyping. 
Effusions due to malignancy or infection are typically exudates 
(fl uid protein  > 25 g/l, or  > 50% of serum protein concentration 
 [94] ). A chylous pleural effusion implies obstructed lymphatic 
drainage.  

  How  s hould  t hey  b e  m anaged? 
 Management of pleural and pericardial effusions includes: 
   •      Treatment of the underlying cause with e.g. cytotoxic or anti -
 infective treatment, but this may not be feasible for advanced and 
progressive malignancy.  
   •      Relief of the consequences of the effusion(s)  –  may not be 
necessary if rapid and effective treatment of the cause is 
possible.    

 Although  ‘ emergency ’  fl uid aspiration may be necessary to 
relieve severe symptoms or in the presence of cardiac tamponade 
 [90] , the rapid institution of effective chemotherapy leads to 
rapid improvement in most pleural and pericardial effusions 
occurring at initial presentation of malignancy, and avoids the 
potential complications of invasive procedures  [89] . However, 
effusions may be persistent or recurrent and cause severe 
symptoms in progressive disease, and may necessitate repeated 
aspiration procedures or continuous catheter drainage. Most 
information about chemical pleurodesis or intrapleural che-
motherapy is derived from adult literature  [95] , but the poten-
tial effectiveness of doxycycline or cisplatin in malignant 
effusions in children has been demonstrated in small series 
 [96, 97] . Rarely, surgical pleurectomy or pericardiectomy may 
be required.  

  What  i s the  o utcome? 
 The acute presentation of an effusion is usually amenable to 
medical or surgical treatment, but the long - term prognosis 
depends on the underlying cause.   
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   •      Identifi cation and management of a bleeding source may occa-
sionally involve  [103] : 

    �      Endoscopy, cystoscopy (with bladder irrigation)  –  may allow 
local measures to control bleeding  
   �      Interventional radiology  –  may permit embolization  
   �      Surgery  –  arterial ligation or resection of bleeding tissue  
   �      Local or systemic hemostatic agents      
 In addition, underlying cause(s) should be treated (e.g. the 

malignancy, infection, or mucosal damage). 
 Prevention is preferable to treatment, e.g. by H 2  - receptor or 

proton - pump inhibition for upper gastrointestinal protection, or 
prophylactic platelet transfusions in severe thrombocytopenia 
(see Thrombocytopenia).  

  What  i s the  o utcome? 
 In most cases, the outcome depends on the underlying cause(s), 
and how easily this can be corrected. However, despite modern 
supportive care, severe hemorrhage may still lead to death (albeit 
fortunately rarely).    

  Central  v enous  a ccess  d evices 

  What  i s a  c entral  v enous  a ccess  d evice? 
 A central venous access device (CVAD) is an indwelling intravas-
cular device used for medium/long - term central venous access. 
There are two main types of CVAD (Figure  20.3 ): 
   •      Tunnelled external (usually cuffed) central venous catheter 
(CVC)  –  e.g. Hickman line. Single, double or (occasionally) triple 
lumen versions are used, depending on anticipated intensity of 
usage,  
   •      Implantable subcutaneous port  –  e.g. Port - a - cath (single or 
double lumen).      

 A cross - sectional audit of UK pediatric oncology centres pub-
lished in 1997 found that 84% of CVAD insertions were for 
external CVCs (36% single lumen, 62% double, 2% triple), and 
16% subcutaneous ports  [109] .  

  Why and  w hen  a re  CVAD s  u sed? 
 CVADs allow blood samples to be taken and intravenous fl uids, 
drugs, blood products and parenteral nutrition to be given 
without frequent venepuncture thereby reducing pain and 

a b
     Figure 20.3     (a), Subcutaneous port. 
(b), Triple - lumen external central venous catheter.  

distress for the child. They reduce greatly the frequency of poten-
tially devastating extravasation of vesicant chemotherapy (e.g. 
vincristine, anthracyclines). Therefore, they are inserted at diag-
nosis, or soon after, in most children receiving chemotherapy. 

 However, many centres avoid CVAD placement during induc-
tion treatment for ALL since it may be associated with an increased 
risk of venous thrombosis at the site of, or adjacent to, the CVAD 
(although this is not conclusively proven). Some children receiv-
ing protocols that involve no or only infrequent use of vesicant 
chemotherapy do not require CVADs, e.g. some children during 
maintenance ALL treatment.  

  What  a re the  c omplications of  CVAD s, and  h ow  a re 
these  m anaged? 
 A large prospective observational study of CVCs inserted in two 
Italian pediatric oncology centres  [110]  recorded: 
   •      Complication rate (CR) 2.2 per 1000 CVC days at risk; at least 
one CVC - related complication occurred in 40% of patients.  
   •      Complications commoner in patients with leukemia or 
lymphoma.  
   •      Infection (CVC - related bacteraemia, or less commonly tunnel 
or exit site; most commonly with coagulase negative staphyloco-
cci, occasionally other Gram - positive or Gram - negative bacteria, 
or fungi)  –  40% of all complications. Commoner in double -
 lumen (CR 1.4) than single - lumen (CR 0.5) CVCs ( P     <    0.0001).  
   •      Malfunction (failure to sample blood or allow infusion despite 
fl ushing)  –  36%.  
   •      Mechanical (malposition, cuff migration, rupture, dislodge-
ment)  –  20%.  
   •      Thrombosis (right atrial, deep venous, pulmonary embolism) 
 –  4%.    

 Although no death was reported in this study, fatal CVAD 
complications (principally overwhelming sepsis or venous 
thromboembolism) are well described, if rare. 

 Infectious and mechanical problems are commoner in external 
(especially multiple lumen) CVCs than in ports  [111, 112] . 

 CVAD - related infection is usually (but not always) manifest by 
fever temporally associated with accessing the CVAD, without 
another identifi ed source. 
   •      CVAD - related infection should be investigated with central and 
(ideally) peripheral cultures followed by appropriate intravenous 
antibiotics, delivered via the CVAD.  Staphylococcus aureus , 
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 For painful procedures, prophylaxis is essential, especially in 
children who undergo multiple procedures (as the pain experi-
ence is enhanced by repetition  [118] ) Topical anesthetics (ameth-
ocaine is better than EMLA  [119] ) and psychological therapies 
(distraction, hypnosis, and cognitive behavioural therapy)  [120]  
are effective. 

 Relief of pain should be based on the World Health Organization 
approach: provided regularly, increasing in intensity as required, 
oral wherever possible but tailored to the child (e.g. using i.v. 
opiate in severe mucositis and  not  oral codeine)  [114] . Specifi c 
analgesic procedures (such as nerve blocks and vertebroplasties) 
may be required in refractory pain  [114] . Psychological adjuncts 
may help chronic/recurrent pain  [121, 122]  (see Figure  20.4 ).   

 When using non - opioids, the risk of their antipyretic proper-
ties needs considering. Non - steroidal anti - infl ammatories have 
risks of bleeding and renal impairment. Neuropathic pain is 
treated with the addition of anti - depressant (e.g. amitriptiyline 
 [123] ) or anti - epileptic (e.g. gabapentin  [124] ) medications.  

  What  i s the  o utcome? 
 Most children will achieve signifi cant reductions in pain to 
minimal or zero levels, with strong collaborations between 
doctors and nurses being of paramount importance in achieving 
this aim  [117] .   

  Treatment -  i nduced  n ausea and  v omiting 
 The experience of nausea and act of vomiting are common side 
effects of treatment. 

  How  c ommon  i s  i t and  w hat  c auses  i t? 
 The incidence varies with the type of treatment received (see 
Tables  20.7  and  20.8 ) (Box  20.7 ).      

  How  s hould  i t  b e  m anaged? 
 Prevention is the aim of treatment (see Table  20.9 ) If a patient 
vomits more than twice in 12 hours, or experiences nausea which 
interferes with normal activity, additional anti - emetics should be 
considered.   

 There is a paucity of data from randomized trials in children 
and teenagers  [127, 128] . A new anti - emetic (NK1 receptor 
antagonist; aprepitant) has been used in adults. It adds signifi -
cantly to 5HT 3  antagonist and corticosteroid treatment  [126] . In 
patients who experience anticipatory nausea and vomiting, psy-
chological techniques  [129]  may be effective. The addition of 
low - dose benzodiazepine may be benefi cial  [126] .  

  Box 20.6    Pain key facts. 

        •      Pain is a distressing experience, and should be evaluated 
thoroughly  

   •      Regular assessment and appropriate analgesia, in addition to 
treatment directed at the primary cause, are essential  

   •      Refractory pain may be amenable to direct intervention with 
nerve blocks, vertebroplasty or similar procedures     

Step 4 – Interventional approaches 

Step 3 – Parenteral strong opioids 

Step 2 – Weak opioids 

Step 1 – Non-opioid analgesics 

     Figure 20.4     Pain ladder.  

Pseudomonal and Candidal infection are highly unlikely to be 
cured, and line removal is strongly advised  [113] .  
   •      Adjuvant treatments such as antibiotic, taurolidine (an antibac-
terial and antifungal), or urokinase (to disrupt CVAD - related 
clots and biofi lm) locks instilled into the CVAD lumens are used 
sometimes, but their effi cacy is unproven.    

 CVAD - related thrombosis should be suspected in the presence 
of poor CVAD function or suspicious clinical signs, investigated 
and treated promptly (see Venous Thrombosis). 

 Prevention of complications is preferable to treating them: 
   •      Scrupulous attention should be paid to sterile technique when 
accessing or fl ushing CVADs, whilst infections should be sus-
pected and treated vigorously.  
   •      Regular fl ushing with heparinized saline reduces failure and 
infection rates. There is no clear evidence of superiority of any 
one specifi c method  [113] .      

  Symptom  c are 

  Pain 
 Pain can be nociceptive pain (the sensation of tissue injury) or 
neuropathic pain (arising from the abnormal excitability of 
damaged nervous tissue)  [114] . 

  How  c ommon  i s  i t? 
 Pain is a common problem. Estimates of prevalence vary between 
33% and 78% (at diagnosis)  [43, 115, 116]  and 25% to 50% 
(during treatment)  [116, 117] .  

  How  i s  i t  d iagnosed? 
 Pain is assessed, and reassessed, by asking and observing the 
patient, supplemented with information from their caregiver. 
Different tools have been validated for assessing pain in children 
of different ages  [114]  (Box  20.6 ).    

  What  c auses  i t? 
 The cancer - related causes of pain are varied, and can include 
infi ltration, obstruction, fracture, mucositis, and radiation 
dermatitis.  

  How  s hould  i t  b e  m anaged? 
 Pain management begins with a comprehensive assessment of the 
pain and potential underlying factors (e.g. fracture)  [114] . 
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  Table 20.7    Emetogenicity of chemotherapy agents  [125, 126] .   Risk   =   chance 
of vomiting if left untreated. 

   High risk (  >  90%)   
  Cisplatin  
  Cyclophosphamide  > 1500   mg/m 2   
  Carmustine  
  Dacarbazine  
  Procarbazine  
  High dose methotrexate  > 3   g/m 2   

   Moderate (30 – 90%)   
  Carboplatin  
  Cytarabine  > 1   g/m 2   
  Ifosfamide  
  Cyclophosphamide  < 1500   mg/m 2   
  Doxorubicin  
  Daunorubicin  
  Epirubicin  
  Idarubicin  
  Irinotecan  
  Imatinib  

   Low (10 – 30%)   
  Topotecan  
  Etoposide  
  Mitoxantrone  
  Mitomycin  
  Cytarabine  < 100   mg/m 2   
  5 - Fluorouracil  

   Minimal ( < 10%)   
  Bleomycin  
  Busulfan  
  2 - Chlorodeoxyadenosine  
  Fludarabine  
  Low dose methotrexate  < 50   mg/m 2   
  6 - mercaptopurine  
  Vinblastine  
  Vincristine  
  Vinorelbine  

  Table 20.8    Emetogenicity of radiotherapy regimes    [126]   .   

  High ( > 90%)    Total body irradiation  
  Moderate (60 – 90%)    Upper abdomen  
  Low (30 – 59%)    Cranium (radiosurgery) and craniospinal  
  Minimal ( < 30%)    Head and neck, extremities, cranium 

and breast  

  Box 20.7    Nausea and vomiting key facts. 

        •      Nausea and vomiting remain the most distressing side effects 
of treatment for malignant disease  

   •      Nausea and vomiting are manageable side effects in the vast 
majority of patients undergoing chemotherapy and/or 
radiotherapy  

   •      Prophylactic antiemetics should be prescribed based on the 
risk of emesis  

   •      Psychological therapies should be available for the treatment 
of anticipatory nausea and vomiting     

  Table 20.9    Suggestions for prophylaxis of treatment induced nausea and 
vomiting. 

   Risk rank     First line     Second line  

  High    5HT 3  antagonist   +   corticosteroid 
  In teenagers add aprepitant   

  Add metoclopramide  

  Moderate    5HT 3  antagonist    Add corticosteroid  
  Low    None    5HT 3  antagonist  
  Minimal    None    Metoclopramide  

  Box 20.8    Gastrointestinal mucositis key facts. 

        •      Mucositis is a triad of gastro - intestinal tract pain, mucosal 
ulceration and diarrhoea  

   •      It is one of the commonest complications of the treatment of 
malignant disease in childhood  

   •      Treatment is symptomatic, addressing pain, hydration/
nutrition, and gastrointestinal disturbance  

   •      Severe gastrointestinal mucositis (neutropenic enterocolitis, 
typhlitis) can be life threatening     

  What  i s the  o utcome? 
 Nausea and vomiting rarely produce long - term physical prob-
lems, but can be psychologically debilitating  [129, 130] . In around 
90% of patients vomiting can be controlled  [127, 128] .   

  Gastrointestinal  m ucositis 
 Mucositis is a triad of gastro - intestinal pain, mucosal ulceration, 
and diarrhoea (Box  20.8 )  [131] .   

  How  c ommon  i s  i t? 
 Mucositis occurs in up to 75% of patients (depending on treat-
ment)  [131] . Severe mucositis (neutropenic enterocolitis, 
typhlitis) occurs in 2 – 3% of patients  [132, 133] .  

  How  i s  i t  d iagnosed? 
 Assessing pain, oral health  [131] , nutritional status, and diar-
rhoeal loss is required. Mucositis scales are poorly validated in 
pediatrics  [134] . Neutropenic enterocolitis is characterized by 
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  How  s hould  i t  b e  m anaged? 
 There are no good data on which to base the management of 
constipation in children and young people with cancer. A sug-
gested approach is detailed in Box  20.9 .    

  What  i s the  o utcome? 
 Constipation causes pain, discomfort, and reduced quality of life 
 [145, 148] . Severe constipation may necessitate a reduction in the 
intensity of anti - cancer treatment.   

  Anorexia and  m alnutrition 
 Protein energy malnutrition (PEM) is present when protein, car-
bohydrate and fat (macronutrient) intake is insuffi cient to meet 
metabolic requirements. 

 Cachexia is a state of severe malnutrition with anorexia, weight 
loss, muscle wasting, anemia and a range of metabolic derange-
ments including hypoalbuminemia, hypoglycemia, lactic acido-
sis, glucose intolerance, and insulin resistance. 

  What  c auses  m alnutrition in  c hildren with  m alignancy and 
 h ow  c ommon  i s  i t? 
 Reduced oral intake is very common in children with malignancy 
due to: 
   •      Physical factors, e.g. mucositis, nausea/vomiting, constipation, 
lethargy, pain.  
   •      Psychological factors, e.g. loss of appetite, impaired taste, psy-
chological dysfunction.  
   •      Social factors, e.g. lack of opportunity ( ‘ nil by mouth ’ ), lack of 
consistency due to repeated hospitalization.    

 Cachexia is usually multifactorial, due to effects of: 
   •      The malignancy itself (which may be mediated in part by 
cytokines, e.g. TNF α ).  
   •      Treatment (including complications such as febrile neutrope-
nia which may increase metabolic rate).  
   •      Reduced intake (see above).    

 The prevalence of PEM at diagnosis is low (6 – 8%) in children 
with ALL  [149] , but higher in those with solid tumors  [150, 151] . 
PEM is commoner during treatment  [152] .  

extreme abdominal pain and tenderness, often with fever and 
ileus. Abdominal ultrasound or CT can help rule out other 
abdominal pathology (e.g. appendicitis)  [133, 135]  (Box  20.8 ).  

  What  c auses  i t? 
 Mucositis occurs after chemotherapy (especially with doxoru-
bicin, 5 - fl uorouracil, high - dose methotrexate, etoposide, high -
 dose alkylating agents) and radiotherapy (head and neck, total 
body irradiation, and abdominal)  [132] . 

 The pathogenesis of mucositis consists of an infl ammatory 
phase (hours) followed by an epithelial phase (days), degrading 
into an ulcerative phase, followed by healing  [136] . The usual 
cellular, mucosal, and bacterial barriers are disrupted and trans-
location of bacteria, yeasts, and viruses into the bloodstream 
occurs  [136] .  

  How  s hould  i t  b e  m anaged? 
 The management of mucositis is analgesia and maintenance of 
hydration/nutrition  [131] . No specifi c treatment prevents or 
cures mucositis. Maintenance of hydration and nutrition is 
important, but whether enteral or parenteral nutrition is best is 
debatable  [137, 138] . A Cochrane review is underway  [139] . Anti -
 diarrhoeal agents are infrequently used in children, unlike adults 
 [132] , but may be useful  [140, 141] . Mucosal superinfections 
should be treated aggressively; candidiasis with a systemically 
absorbed antifungal  [131]  and herpetic gingivostomatitis with 
aciclovir  [131] . 

 Neutropenic enterocolitis is usually successfully managed 
using a similar approach, reserving operations for the unstable 
child with evidence of perforation or necrosis  [135] .  

  What  i s the  o utcome? 
 Mucositis causes pain, diarrhoea, weight loss and impaired 
quality of life  [131, 137] . It carries the risk of severe infection 
 [142] . Non - operative management of neutropenic enterocolitis 
is effective, but has a small mortality rate ( ∼ 5%)  [133, 135] . Long -
 term side effects are rare.   

  Constipation 
 Constipation is the delayed or painful passage of hard stools 
 [143] . Plain abdominal X - rays are poor at excluding or confi rm-
ing constipation  [144] . 

  How  c ommon  i s  i t? 
 Constipation is extremely common, affecting about half of oncol-
ogy patients  [145] .  

  What  c auses  i t? 
 The etiology is multi - factorial. These factors include gender 
(women worse  [146] ), tumor effects, and poor mobility, diet and 
hydration  [145, 147] . Problem medications include opiates, vinca 
alkaloids, carboplatin, and ondansetron  [145, 147] .  

  Box 20.9    Treating constipation. 

     Start simple:  

 diet, hydration and comfortable toilet facilities 

  Add softeners:  

 lactulose, docusate or Movicol 

  Add stimulants (to evacuate):  

 senna, docusate or bisacodyl. Consider picosulphate 

  Remember Maintenance:  

 Only slowly reduce laxatives, think about prophylaxis  
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  How  i s  i t  d iagnosed? 
 The degree of neutropenia is used as an indicator of risk of infec-
tion (but monocytopenia is stronger  [158] ). Lymphopenia also 
increases the risk of infection  [159] .  

  How  s hould  i t  b e  m anaged? 
 Leukopenia may be reduced by the use of colony - stimulating 
factors. This has no demonstrable effect on mortality, but may 
reduce the duration of neutropenia, the number of admissions 
and length of hospitalization  [160] . Reducing the risk of infec-
tious complications involves prevention, early recognition, and 
prompt treatment of complications.   

  Bacterial  i nfection 
 Fully implanted CVADs reduce the risk of line infection (see 
CVAD section)  [161] . Prophylactic quinolones probably reduce 
mortality (relative risk  ∼  0.6)  [162] . Centerwide use has increased 
antibiotic resistance but reduced mortality rates  [163] . Early 
recognition and prompt treatment of presumed infection has 
led to the tremendous decrease in mortality rates in pediatric 
febrile neutropenia  [142] . There is now a move towards 
risk - stratifi ed therapy with reduced intensity treatment in lower 
risk groups. 

  Why  i s  i t  i mportant? 
 Effective management of PEM may: 
   •      Restore lost weight.  
   •      Allow cytotoxic treatment to be delivered with fewer delays and 
complications  [152, 153] .  
   •      Improve immune response, although it has not been proven 
that this reduces the risk of infection  [152] .     

  How  i s  i t  e valuated? 
 Initial evaluation should include assessment of baseline nutri-
tional status, which may itself indicate the need for nutritional 
supplementation, and identifi cation of those patients whose 
future treatment will place them at greater risk of deve-
loping PEM. Assessment of baseline nutritional status should 
include: 
   •      Dietary history.  
   •      Anthropometric measurements.  
   •      Biochemical measurements.    

 Anthropometric assessment includes  [152] : weight, height 
(plotted on centile charts) and (if trained personnel can measure 
them) mid upper arm circumference and triceps skin -  fold 
thickness. 

 Ideally, lean body mass should be measured with DEXA (dual -
 energy X - ray absorptiometry) scanning or bioelectrical imped-
ance, but this is very rarely achieved in clinical practice. 

 Biochemical evaluation is often based on serum albumin 
concentration, which is well suited to evaluation of long - term 
malnutrition (due to its long half - life), but insensitive to acute 
malnutrition. Hypoalbuminemia may also be caused by reduced 
hepatic synthesis or increased renal loss. Serum pre - albumin 
concentration may be preferable for early detection of acute 
malnutrition due to its much shorter half - life  [154] .  

  How and  w hen  i s  n utritional  s upplementation  g iven? 
 Nutritional interventions are performed in a stepwise manner, 
but a lack of clear evidence  [155]  to guide these steps leads to 
marked inter - centre variation in practice (Box  20.10 )  [156] .      

  Immunity and  i nfections 

     What  i s  i mmunosupression? 
 Immunosupression in children with cancer is the result of 
reduced innate and adaptive immunity. Innate defences are the 
non - specifi c barriers to infection (e.g. mucosal integrity, natural 
killer cells and cytokines). Adaptive immunity is pathogen - 
specifi c.  

  How  c ommon  i s  i t? 
 Immunosupression is an almost universal complication of inten-
sive chemotherapy, and a presenting feature of many malignant 
hematological conditions.  

  Box 20.10    Nutritional support. 

       1     General nutritional advice for all  

  2     When predefi ned anthropometric criteria are reached (e.g. 
 < 90% weight for height,  ≥ 5% weight loss from baseline) or nutri-
tional intake signifi cantly reduced for prolonged period (e.g. 
 < 75% of required intake for  > 1 week)  [157]  (actual criteria used 
vary greatly between centres  [156] ):  

   �      Improve nutritional content of regular intake with high 
calorie foods  

   �      Add calorie or nutritionally complete supplements (but com-
pliance is often poor)  

   �      Role of specifi c nutritional supplements (e.g. glutamine) is 
not well established    

  3     If further weight loss or intake still poor use enteral 
nurition: 

    �      nasogastric  

   �      gastrostomy (often inserted by percutanaeous endoscopic 
method, PEG)  

   �      jejunostomy (rarely used)    

  4     Parenteral nutrition (PN)  –  indicated for severe weight loss or 
if gastrointestinal symptoms prevent effective enteral feeding (e.g. 
in severe enteritis, post - HSCT). PN may be complicated by 
CVAD - associated infection, electrolyte imbalance or hepatic 
dysfunction     
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 Antibiotic treatment needs to be tailored to local antibiotic 
resistance patterns. Addition of an aminoglycoside is common 
although many randomized trials show it only increases harm 
(nephrotoxicity)  [164] . Glycopeptides as fi rst - line therapy are 
unnecessary  [165] .  

  Fungal  i nfection 
 Invasive fungal infections by both molds and yeasts have a high 
mortality, morbidity, and cost. Invasive mold infections (e.g. 
aspergillosis) can present as a persistent fever during profound 
and prolonged neutropenia, sometimes with chest, sinus, skin, or 
soft tissue signs. Diagnosis is diffi cult, with microbiological isola-
tion or histological identifi cation of fungus rare  [166] . The 
European Organisation for Research and Treatment of Cancer 
(EORTC) criteria categorize episodes as possible, probable, and 
proven  [167] . 

 Prevention with anti - fungals in select populations (e.g. stem 
cell transplants, relapsed ALL) is effective  [168] . Such prophylaxis 
may be undertaken with oral (e.g. itraconazole) or parenteral (e.g. 
amphotericin B) agents. High - effi ciency particulate air (HEPA) 
fi ltration may be useful  [169] . 

 Antifungal treatment for patients with persistent neutropenic 
fever should be commenced  [167] . The removal of central venous 
access should be strongly considered in candidaemia  [170] . The 
choice of therapeutic agents is guided largely by the adult litera-
ture  [171]  with more specifi c agents being used for yeasts (e.g. 
fl uconazole) than molds (e.g. amphotericin B).  

  Pneumocystis  i nfection 
  Pneumocystis jiroveci  (previously PCP) pneumonia is rare and 
classically presents as a severe, acute respiratory infection with 
fever, tachypnea, hypoxia, and exercise - induced dyspnea  [172] . 
The risk of infection is increased in lymphopenia  [173] . 
Trimethoprim/sulfamethoxazole is effective at reducing the risk 
with infrequent signifi cant side effects  [174] . Alternative agents 
for prophylaxis include pentamadine, oral dapsone, or atovaquone. 

 Treatment requires high - dose trimethoprim - sulfamethoxazole 
(or alternative agent). Using adjuvant corticosteroids has strong 
evidence of benefi t for patients with HIV  [175]  but little evidence 
in oncology  [173, 176] .  

  Viral  i nfection 
 A wide range of viral infections cause signifi cant disease. Of par-
ticular note are the herpes viruses, some respiratory viruses 
(infl uenza, parainfl uenza, adenovirus, and respiratory syncytial 
virus [RSV]), and polyoma viruses. 

 Prevention of viral diseases can be attempted in particular situ-
ations (e.g. aciclovir post - transplant  [177] ). Immunization may 
be effective with infl uenza  [178] , family vaccination for varicella 
 [179]  or passive immunization for disease contacts who are vari-
cella zoster virus (VZV) - seronegative  [179] . 

 Treatment of viral disease is sometimes possible (e.g. herpes 
simplex vires [HSV] and VZV with aciclovir  [180] , cytomegalo-
virus (CMV) with ganciclovir  [181] , infl uenza with oseltamivir 
 [182] ). 

  Table 20.10    Diagnosis of anemia (lower limit of normal blood haemoglobin)  
 (adapted from  [184] ) .  

   Age (years), sex     Lower limit of normal 
 blood hemoglobin (g/dl)  

  0.5 – 4.9    11.0  
  5.0 – 7.9    11.5  
  8.0 – 11.9    12.0  
  12.0 – 17.9 (female)    12.0  
  12.0 – 14.9 (male)    12.5  
  15.0 – 17.9 (male)    13.0  

  What  i s the  o utcome? 
 The overall outcome for febrile neutropenic episodes is good 
(with appropriate management), with mortality rates of  ∼ 1% 
 [79] , Invasive fungal infections have 60 – 80% short - term mortal-
ity rates  [171] . Candidemia has a lower, but still substantial, 
mortality rate of  ∼ 25%  [170] . Estimates of mortality in PCP are 
approximately 25%  [174, 183] . Most viral infections are self lim-
iting but mortality rates following transplant are considerably 
higher  [177, 181] .    

  Anemia 

 Anemia may be defi ned broadly as a reduction in the blood 
hemoglobin (Hb) concentration, or red cell mass, below the age -
 related normal range. The precise hemoglobin concentration 
distinguishing anemia from normal is often taken to be two 
standard deviations below the normal population ’ s mean (see 
Table  20.10 )  [184] .   

     How  c ommon  i s  i t? 
 Anemia, defi ned as above, is extremely common both at diagnosis 
and during treatment in children with malignancy. A large 
European survey reported that anemia occurred in over 80% of 
children with cancer, including 97% of those with leukemia 
 [185] .  

  What  c auses  i t? 
 Anaemia in children with malignancy is usually multifactorial. 
The commonest factor is reduced red cell production, which may 
be due to: 
   •      Bone marrow infi ltration:  

   �      Leukemia  
   �      Disseminated solid tumors (e.g. stage 4 neuroblastoma)    

   •      Treatment: 
    �      Chemotherapy  
   �      Radiotherapy, especially to red marrow - rich bones (e.g. 
pelvis, spine, cranium)  
   �      HSCT (may be prolonged in presence of GvHD)    

   •      Chronic disease.  
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 There are several potentially serious risks of transfusion  [187] : 
   •      Patient identifi cation errors (wrong unit of blood or wrong 
patient)  –  occurs in about 1 in 25 000 units transfused; fortu-
nately serious harm is rare but transfusion of ABO - incompatible 
blood still causes approximately one death per year (all ages) in 
the UK.  
   •      Transmission of blood - borne infection has been reduced 
greatly by modern transfusion techniques, especially viral screen-
ing of donors and/or donated products:  

   �      CMV  –  although this risk has been reduced (but not elimi-
nated) by leukodepletion (see below), some pediatric oncology 
and many HSCT units still adopt a precautionary policy of 
using CMV - negative blood products for all patients (some do 
so selectively for CMV - negative recipients)  
   �      Hepatitis B  –  risk is 1 in 900 000 transfusions  
   �      Hepatitis C  –  risk is  < 1 in 30 million transfusions  
   �      HIV  –  risk is  < 1 in 8 million transfusions  
   �      Bacterial infection  –  very rare, but responsible for about one 
death per year (all ages) in the UK  
   �      Prion disease (variant Creutzfeld - Jakob disease [vCJD])  –  
risk not yet quantifi able, but a major potential concern; leu-
kodepletion of all blood products (to  < 5    ×    10 6  leukocytes 
per unit) was introduced in 1999 in an attempt to combat 
this risk    

   •      Transfusion - associated graft - versus - host disease  –  this fre-
quently lethal complication may be prevented by using irradiated 
blood products in susceptible patients (HSCT patients and 
donors [to avoid subsequent transmission to patient], immuno-
defi ciency, Hodgkin disease, patients treated with purine ana-
logues, e.g. fl udarabine, cladribine  [186] ), although many units 
adopt a precautionary policy of using irradiated products in all 
patients receiving chemotherapy or undergoing treatment for 
aplastic anemia.     

  What  i s the  o utcome? 
 The benefi ts of contemporary blood product transfusion far 
exceed the risks, but care is still required to evaluate the relative 
merits or otherwise of transfusion in each individual clinical 
scenario.    

  Thrombocytopenia 

 Thrombocytopenia is defi ned by a platelet count below the 
normal range (150 – 400    ×    10 9 /l). However, in the absence of other 
coagulation disturbances or impaired platelet function, severe 
hemorrhagic complications are rare at platelet counts  > 10    ×    10 9 /l 
 [188] . 

     How  c ommon  i s  i t? 
 Like anemia, thrombocytopenia is very common at diagnosis or 
during treatment of malignancy. At diagnosis, approximately 
75% of children with ALL  [189]  or AML  [190]  have platelet 
counts  < 100    ×    10 9 /l, whilst  > 90% with severe aplastic anemia 

   •      Hematinic defi ciency (iron, folate), especially in context of 
increased red cell turnover.  
   •      Red cell aplasia (especially parvovirus B19 infection).    

 Less commonly, other factors may cause or contribute to 
anemia: 
   •      Bleeding (including repeated blood sampling, especially in 
infants).  
   •      Hemolysis:  

   �      Immune - mediated (e.g. transfusion reaction, mycoplasma 
infection)  
   �      Non - immune - mediated (sepsis, DIC)    

   •      Other infections, especially viral (e.g. CMV, EBV)  
   •      Intravenous fl uid therapy (dilutional).     

  How  i s  i t  d iagnosed? 
 Anemia should be suspected in the presence of typical symptoms/
signs, especially: 
   •      Lethargy, weakness, increased need for sleep.  
   •      Dyspnea on exertion (e.g. climbing stairs).  
   •      Headache, irritability, poor school performance.  
   •      Poor feeding/appetite.  
   •      Pallor (skin, conjunctivae).  
   •      Tachycardia.     

  How  s hould  i t  b e  m anaged? 
 Children and adolescents vary greatly in their ability to tolerate 
anemia. Although a useful rule of thumb is to consider red cell 
concentrate transfusion when the hemoglobin falls below approx-
imately 8   g/dl (Box  20.11 ), the fi nal decision will be infl uenced by 
several factors including: 
   •      General condition.  
   •      Presence or absence of symptoms.  
   •      Presence or absence of bleeding.  
   •      Speed of fall in hemoglobin.  
   •      Stage of treatment (which infl uences likelihood of marrow 
recovery and hence improvement in hemoglobin without 
transfusion).  
   •      Underlying diagnosis (e.g. lower hemoglobin threshold of 7   g/
dl recommended in aplastic anemia to minimize number of 
transfusions required).      

  Box 20.11    The formula recommended in the  UK  to 
calculate the volume of red cell concentrate 
required. 

    Volume (ml)   =   (desired Hb [g/dl]    −    actual Hb)    ×    weight 
(kg)    ×    3  [106, 186]  

 given at 5   ml/kg/h (maximum 150   ml/h)  [106]  

 The transfusion rate should be reduced in patients with severe 
chronic anemia to reduce the risk of fl uid overload and cardiac 
decompensation  
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 Platelet transfusions may be given for (adapted and extended 
from  [193] ): 
   •      Prophylaxis  –       criteria for transfusion vary with clinical sce-
narios and between centres, but generally accepted thresholds 
are:  

   �      Aplastic anemia (well patient, i.e. no current infection or 
bleeding)  –   < 5    ×    10 9 /l  
   �      Well patient after conventional chemotherapy  –   < 10    ×    10 9 /l  
   �      Unwell patient after conventional chemotherapy,  or  brain 
tumor with residual disease,  or  in presence of additional coagu-
lopathy  –   < 20    ×    10 9 /l  
   �      Allogeneic HSCT recipients  –   < 20    ×    10 9 /l  
   �      Procedures  –  to raise platelet count  > 50    ×    10 9 /l (or  > 100    ×    10 9 /l 
for high risk procedures, e.g. neurosurgery) pre -  and for at least 
24 hours post - procedure    

   •      Treatment  –    to raise platelet count  > 50    ×    10 9 /l in presence of 
active or recent bleeding (or  > 100    ×    10 9 /l in high risk scenarios, 
e.g. CNS or retinal bleeding).    

 Dose is age/size - dependent (adapted from  [193] ): 
   •      Infants  –  one pediatric split unit or 50   ml of an adult random 
donor pool or single donor apheresis pack (scale dose down for 
smaller infants).  
   •      Children  > 12 months age  –  10 – 15   ml/kg from adult random 
donor pool or single donor apheresis pack (use whole pool/pack 
if  > 20   kg).  
   •      Consider using whole pool/pack if fl uid overload is not a 
concern (this may be a better use of a valuable resource).    

 Conventionally, platelet transfusion refractoriness is defi ned as 
poor platelet increments (measured 1 hour post - transfusion) 
after at least two ABO - compatible fresh ( < 72 hours old) transfu-
sions, and should trigger investigation for HLA - alloimmunization, 
platelet consumption (e.g. DIC, veno - occlusive disease) and con-
sideration of active bleeding or infection. Management may 
include use of: 
   •      Double dose of fresh platelets.  
   •      HLA - matched platelets.     

  What  i s the  o utcome? 
 Severe morbidity or mortality due to hemorrhage are now very 
rare (see Bleeding).    

  Venous  t hromboembolism 

     What  i s  i t? 
 Thrombosis is characterized by the pathological presence of 
intravascular coagulation, whilst embolism describes vascular 
obstruction due to dislodgement of a thrombus. Venous throm-
boembolism (VTE) in children with malignancy occurs in two 
main clinical scenarios  [194] : 
   •      CVAD - associated (occurring in  ∼ 1.5% of CVADs)  [110]   –  
arising at the CVAD tip or within its lumen.  
   •      Tumor - related (rare)  –  due to large vein obstruction, e.g. by 
mediastinal, pelvic or extremity tumors.    

have counts  < 40    ×    10 9 /l  [191] . Less commonly, children with 
disseminated solid tumors (e.g. stage 4 neuroblastoma) are 
thrombocytopenic at presentation or relapse  [192] . The fre-
quency and severity of chemotherapy - induced thrombocytope-
nia usually mirrors that of anemia and leucopenia, but it may be 
greater and more protracted with some drugs, e.g. carboplatin, 
temozolomide.  

  What  c auses  i t? 
 Thrombocytopenia in children with malignancy is often multi-
factorial. The commonest factor is reduced megakaryocyte (and 
hence platelet) production, which may be due to: 
   •      Bone marrow infi ltration (leukemia, disseminated solid 
tumors).  
   •      Treatment (chemotherapy, radiotherapy, HSCT [may be pro-
longed in presence of GvHD or viral infection]).    

 Thrombocytopenia may also be due to increased platelet con-
sumption occurring as a result of several disease or treatment -
 related factors: 
   •      Non - immune - mediated (severe infection, bleeding, DIC, 
heparin).  
   •      Post - HSCT (thrombotic thrombocytopenic purpura (TTP)/ 
microangiopathy).  
   •      Immune - mediated (uncommon in children with malignancy) 
 –  drugs (e.g. heparin, cotrimoxazole); anti - HLA antibodies; anti -
 platelet antibodies.    
 Less commonly, other factors may cause or contribute to 
thrombocytopenia: 
   •      Splenic sequestration.  
   •      Massive blood transfusion (dilutional).    

 Artefactual thrombocytopenia may occur due to technical 
problems (e.g. clots in sample).  

  How  i s  i t  d iagnosed? 
 Thrombocytopenia is common in oncological practice and 
should be suspected in the presence of typical symptoms/signs, 
especially: 
   •      Increased frequency/severity of bruising (often spontaneous).  
   •      Petechiae, purpura.  
   •      Spontaneous bleeding (typically mucosal  –  oral, nasal, rectal), 
which may be severe and diffi cult to control.  
   •      Increased bleeding with minimal trauma.     

  How  s hould  i t  b e  m anaged? 
 A blood count should be performed to evaluate both the severity 
(platelet count) and the effect (hemoglobin) of thrombocytope-
nia. In some circumstances, a clotting profi le may be necessary 
to exclude coagulopathy. Platelet transfusions are provided in 
two forms  [193] : 
   •      Random platelet pool (usually from up to six donors) or single 
donor apheresis pack  –  both providing standard adult therapeutic 
dose (ATD) of  > 240    ×    10 9  platelets in 150 – 350   ml.  
   •      Pediatric split unit (single donor)  –  providing 0.25 ATD 
( > 55    ×    10 9  platelets) in 50 – 70   ml.    
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pediatric literature about the need for and nature of additional 
strategies, including systemic anticoagulation (low molecular 
weight heparin and warfarin have both been used) and less often 
thrombolysis (often delivered via the CVAD itself)  [203] . 

 There is particular uncertainty about the optimum manage-
ment of asymptomatic CVAD - associated thrombosis, which has 
been found in nearly 40% of children undergoing elective removal 
of vascular ports  [198, 204] .  

  What  i s the  o utcome? 
 The consequences of CVAD - associated thrombosis include: 
   •      Distress to patient / family due to CVAD malfunction.  
   •      Inconvenience to staff due to CVAD malfunction.  
   •      Requirement to remove ( ±  replace) CVAD.  
   •      Delay or impairment in ability to deliver planned and optimum 
chemotherapy.  
   •      Risk of:  

   �      Deep venous thrombosis (may be recurrent)  
   �      SVC syndrome  
   �      Pulmonary embolism  
   �      Post - thrombotic syndrome (pain, swelling, ulceration of 
affected limb)  
   �      Death (the average reported case fatality of symptomatic VTE 
in ALL is 15%  [197] )         

  Multidisciplinary  t eam  w orking and 
 s upportive  c are 

     What  i s  m ultidisciplinary  c are? 
 Multidisciplinary, multiprofessional care is the coordinated pro-
vision of care between different professions (e.g. nurses, doctors, 
psychologists, pharmacists, educationalists, and play therapists) 
and disciplines (e.g. surgery, hematology, oncology, radiology, 
and histopathology). It is felt to enhance the delivery of holistic 
and effective treatment of the child and family who have a malig-
nant disease (205).  

  How  c ommon  i s  i t? 
 Multidisciplinary team (MDT) working is an essential part of 
principle treatment centers in pediatric oncology and hematology 
 [205] . The composition of MDTs varies with local service provi-
sion  [206] .  

  How  s hould  i t  b e  u ndertaken? 
 Good MDT working relies on excellent communication of roles 
and responsibilities to enable each member to provide the service 
that they are best placed to deliver, with respect to their profes-
sional skills and the individual family concerned (Box  20.12  and 
 20.13 ). The philosophy of MDT working should be of mutual 
respect and valuing unique aspects of each team members ’  con-
tribution to care.      

 Arterial thromboembolism is rare in childhood malignancy, but 
may occasionally complicate asparaginase treatment  [195] .  

  How  c ommon  i s  v enous  t hromboembolism and  w hy  d oes 
 i t  o ccur? 
 CVAD - associated VTE is most prevalent in children with ALL, 
especially during induction therapy  [196] , occurring in an average 
of 3 – 5% of patients (but with a wide range of 1 – 37% in published 
studies)  [196, 197] , as a consequence of  [198, 199] : 
   •      Increased thrombin generation due to ALL itself.  
   •      Suppression of endogenous anticoagulants (especially anti -
 thrombin) by asparaginase.  
   •      Promotion of factor VIII /von Willebrand factor complexes and 
increased plasminogen activator inhibitor levels due to steroids.  
   •      Use of CVADs.    

 Individual studies of the relevance of inherited prothrombotic 
disorders in the pathogenesis of VTE in ALL have given confl ict-
ing fi ndings. However, a large prospective study  [200] , and a 
subsequent meta - analysis of fi ve studies  [196] , suggest a relation-
ship between the presence of at least one prothrombotic factor 
and the development of VTE, although this risk may itself be 
modulated by the treatment regimen used (particularly the dose, 
exact type, and timing of steroid and asparaginase treatments) 
 [196, 201] .  

  How  i s  v enous  t hromboembolism  d iagnosed? 
     •      CVAD - associated thrombosis may be asymptomatic or may 
lead to characteristic clinical symptoms and signs (e.g. edema, 
warmth, collateral circulation, impaired venous return).  
   •      Although several imaging modalities may reveal venous throm-
bosis at the site of, or adjacent to, a CVAD (e.g. linogram, veno-
gram, Doppler ultrasound, echocardiogram), there is little 
published evidence to guide the optimum investigation strategy 
in children.    
 Major CVAD - related thromboembolic events include CNS 
venous thrombosis, SVC thrombosis, right atrial thrombosis and 
pulmonary embolism.  

  How and  w hen  i s  i t  t reated? 
 Prevention is preferable to treatment. Most CVADs in children 
with malignancy are placed in the upper venous system; in this 
context, the risk of thrombosis may be lower when the device is 
placed on the right side and in the jugular (rather than subcla-
vian) vein  [202] . In ALL, the importance of the timing of CVAD 
insertion is uncertain, and may be modulated by the type, dose 
and scheduling of asparaginase and steroid treatment  [201] . 
Many UK centres delay insertion until after induction therapy in 
an effort to reduce the risk of thrombosis. 

 The treatment of established CVAD - associated VTE varies 
greatly between centers. Most centres remove the CVAD unless 
this is impractical (e.g. if alternative venous access is very 
diffi cult), but there is less agreement and little published 
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  What  i s the  o utcome? 
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   Introduction 

 Since most childhood cancers do not discriminate on grounds of 
gender, ethnicity, religion, or social class, the psychosocial issues 
confronting multi - disciplinary (MDT) members during treat-
ment of the child are as diverse as the communities they serve. 
However, there are a number of issues of psychosocial need that 
arise frequently at the beginning of treatment while others 
become more apparent as it progresses.  

  Practical  a djustments 

 After the initial shock of diagnosis and the start of treatment have 
been absorbed, most households are confronted by very different 
fi nancial circumstances (Box  21.1 ).   

 Early assessment of fi nancial circumstances is essential; 
however, the timing and sensitivity of such interventions is 
crucial and has an enormous infl uence upon the relationship 
between the family and MDT members during and after treat-
ment. Good communication within the MDT will enable the 
social worker to discuss matters such as employment, debt, ben-
efi ts and additional expenses when the family is ready.  

  Family  c ompetence  –   s trengths and  n eeds 

 Assessment of the family ’ s ability to cope with the practical, emo-
tional, and psychological aspects of cancer treatment demands an 
extraordinary range of skills and a commitment to sharing them 
with colleagues from other disciplines. This will include: 
   •      Family history before diagnosis.  
   •      Parental roles.  
   •      Needs of the siblings.  
   •      Role of extended family members.  
   •      Physical and mental health within the family.  

   •      Peer groups.  
   •      Community support/community pressures.  
   •      Housing.  
   •      Education.  
   •      Employment/fi nances.    
 While examination of a family ’ s functioning may never be an 
exact science, there are studies of patterns of adjustment and 
adaptation and the extent to which they are subject to stress. 
When accurate and comprehensive assessments are available to 
all members of the MDT at an early stage of the treatment 
journey, the advantages in terms of minimizing such stressors 
appear unarguable. While elements of unpredictability over an 
individual ’ s ability to cope with treatment will always be present, 
assessment information enables physicians, nurses, and other 
treatment providers to tailor their input to gain maximum 
benefi t. By contrast, when we overlook information that may not 
be immediately apparent around the time of diagnosis  –  for 
example, a history of debt, earlier post - natal depression, or con-
fl ict with the extended family  –  successful clinical outcomes are 
subject to avoidable risk.  

  Changing  r elationships 

 One way to attempt an exploration of this highly complex process 
lies in an examination of the effect of a cancer diagnosis upon 
roles within the family and friendship networks of the patient. 
   •      Side effects of treatment can drastically alter the child or young 
person ’ s self image and role within the family. This, along with 
the demands of the treatment regime, has profound implications 
for the roles of others.  
   •      Two parent households commonly experience a polarization in 
the roles of parents as one assumes greater responsibility for care 
of the child with cancer and the other ’ s role as breadwinner is 
more pronounced.    

 The number of households headed by single parents and those 
with step - parents and  - siblings has multiplied in many societies 
in recent decades. This has been accompanied by massive changes 
to the ethnic, religious, and cultural compositions of those socie-
ties. Such demographic changes strengthen the argument for 
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treated for cancer, suggest that parents are concerned about the 
impact of the cancer diagnosis and treatment on their parenting 
behavior  [6] . 
   •      In terms of short - term impact of childhood cancer on parent-
ing behavior, parental consistency has been seen to fl uctuate over 
the 6 month initial period of diagnosis and treatment, with con-
sistency increasing over time, and other parenting strategies (i.e. 
control, nurturance, and responsiveness) remaining stable  [6] .  
   •      Where research has asked families of children with brain 
tumors to report the most important problem by phase of illness, 
the  ‘ availability of help in dealing with my child ’ s personality or 
moods ’  was one of the two most frequently endorsed items 
during the hospital discharge, adjuvant treatment, and recurrence 
phases of their illness  [7] .    

 However, where parenting styles of parents of children with 
cancer were compared with parents of healthy children, parents 
of children with cancer rated the item  ‘ I tend to spoil my child ’  
as fairly descriptive of them, whereas the item  ‘ I have strict, well -
 established rules for my child ’  they rated as less descriptive of 
them  [8] . This fi nding also varied as a function of time since 
diagnosis. Very little research has been conducted which has spe-
cifi cally looked at the impact of childhood cancer on parenting 
strategies in the long term.  

  Theoretical  r ationale 
 Existing literature on parenting a child with cancer has generally 
been related to issues of discipline and permissiveness  [9] . As 
reinforced by the literature, parents of children with chronic 
illness are often depleted of energy, coping skills, and effective 
parenting techniques due to the fear, distress, anxiety, and crisis 
that overcomes them  [10, 11] . 
   •      As a consequence, usual parenting and disciplinary strategies 
have been reported to be destabilized during treatment for cancer 
and in the immediate aftermath  [12] .  
   •      Parents reported diffi culties in regaining a balance between 
applying normal rules, where the risk is to be seen as harsh or 
unfeeling, and  ‘ spoiling ’  the child, particularly when family 
members and friends so often give the child gifts  [12] .    

 Research by Van Dongen - Melman, Van Zuuren and Verhulst 
 [13]  indicated that parents of children who have had cancer per-
ceive their child as extremely vulnerable. As a result the parents 
felt the need to restrict the child ’ s daily activities on a physical 
level, and were concerned about the effects that the illness had 
had on the child on a psychological level. Also, many tried to 
compensate for the diffi cult or distressing events that the child 
had experienced by trying to protect the child from more poten-
tially unhappy or stressful events and as a consequence, parents 
were reported to over - indulge the children in a material and 
psychological respect. 

 Parents were also thought to reduce the demands and expecta-
tions placed upon the child resulting in the subordination of the 
parent ’ s expectations and happiness, trying not to upset the child 
unnecessarily and reducing confl icts by reducing demands. 
Setting limits was reported to be particularly diffi cult. 

sensitive and accurate assessments by health care professionals 
from the moment of diagnosis. 
   •      The needs of siblings add to the pressure upon parents and can 
alter their roles and relationships with members of the extended 
family.  
   •      Adolescent peer relationships, where issues such as self - image, 
physical appearance, self - confi dence or sporting prowess are so 
important, face inevitable changes.    

 Much of the work on behavior problems in children with 
cancer has focused on differences between groups of children 
with cancer and matched or non - matched controls. Whilst 
research would suggest that children with cancer do not exhibit 
higher levels of behavior problems than controls  [1] , research 
investigating the parenting practices and beliefs held by parents 
of children with cancer is still somewhat scarce. 

  Prevalence 
 Reported prevalence rates of behavioral problems in children 
with cancer or brain tumors vary from study to study as a func-
tion of the specifi c behavioral dimensions studied and the meas-
urement tools used. 
   •      Nonetheless, prevalence rates of between 39%  [2]  and 62%  [3]  
have been reported.  
   •      These fi gures are considerably higher than those reported in
 the general population, where the reported prevalence of 
conduct disorders and oppositional defi ant disorders vary 
between 4 and 14% depending upon the criteria used and popula-
tion studied  [4] .    
 However, even when using a conservative estimate based upon 
population norms, a signifi cant number of children who have 
received treatment for a CNS tumor will exhibit behavior 
problems.  

  Parental  r eports 
 Rearing a child with a chronic illness such as cancer puts 
extra demands on parenting skills, especially regarding discipline 
issues  [5] . Results of studies which investigated how parental 
distress affects psychosocial outcome in children who have been 

  Box 21.1      Financial considerations of families of 
children with cancer. 

        •      In recent years employment levels in the UK among two 
parent and single parent families have risen.  

   •      The  ‘ traditional ’  family of the male breadwinner and female 
home maker has become less common as patterns of home 
ownership and consumption have changed.  

   •      The demands of most treatment regimes make it impossible 
for both parents (or a single parent) to continue in 
employment.  

   •      Household income frequently declines as expenditure 
increases due to hospital travel and subsistence costs.     
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  Existing  l iterature on  p arent  i nterventions for  c hildren 
with  c ancer 
 On the whole, interventions with parents of children with cancer 
has focused on ameliorating the distress experienced by the 
parents and improving coping skills, as poor parental coping has 
been associated with poor outcomes in young patients including 
anxiety, hopelessness, and externalizing behaviors  [24] . A further 
intervention which has been evaluated is problem - solving train-
ing for parents. Mothers of children with cancer who received 
problem - solving training were able to reduce signifi cantly their 
emotional distress compared with mothers in a control group 
 [25] . However, to date, no studies have evaluated the use of 
behavioral parent training in dealing with behavioral issues in 
children with cancer.   

  Education 

 Apprehension and uncertainty about the child ’ s education 
during and after treatment are characteristic responses to the 
cancer diagnosis. Teaching staff in mainstream schools rarely 
have personal or professional experience of childhood cancer; 
this can leave them open to many of the myths and inaccuracies 
which are prevalent in the wider community. Specialist social 
workers and outreach nurses can correct such misconceptions 
by providing information and practical advice to education pro-
fessionals when invited to the patient ’ s school. Information 
and training courses for teachers delivered by health pro-
fessionals may be more effi cient methods of reaching the target 
audience. 

 The aim for all children undergoing treatment for cancer is 
to cause as little disruption as possible to the normal educational 
routines; however, most treatment regimes lead to lengthy 
absences from school for a number of reasons; physical side 
effects, emotional or behavioral reactions, or extended in - patient 
stays. Local education authorities in the United Kingdom have 
a legal duty to provide home tuition for children unable to 
attend their usual schools. Hospital schools with staff skilled in 
tailoring the demands of a national curriculum to the abilities 
of all children receiving treatment for cancer are an invaluable 
resource. The tension between an educational environment 
characterized by pressure to achieve and a child experiencing 
demotivation or intellectual impairment presents an enormous 
challenge.  

  Family  fi  nances 

 Few families come through childhood cancer treatment fi nan-
cially unscathed. The double blow of increased expenses and 
diminished income experienced by many (if not most) families 
is well - documented  [26] . Social workers with a good under-
standing of sickness and disability benefi t systems can have an 

 Mothers of children with cancer have been found to fi nd it 
both diffi cult and time - consuming to manage behavioral prob-
lems in their children (e.g. aggressive behavior, crying, and mood 
change)  [14] .  

  Relationship to  o utcome 
 Research on the impact of parenting strategies used upon short -  
and long - term outcome is still in its infancy. However, in the 
immediate aftermath of diagnosis and during active treatment, 
parents who reported that their child (aged 2 – 7 years) was very 
anxious before medical procedures, set fewer rules and used 
less consistent, less organized and more permissive discipline 
practices  [15] . 
   •      Parents who used vague rather than specifi c instructions 
also reported higher levels of child distress during medical 
procedures  [16] ; highly permissive parents have been found to 
experience more diffi culties obtaining cooperation with medical 
procedures  [17] .  
   •      Parents who were responsive and nurturing had fewer adher-
ence problems with their children  [18] .  
   •      Adolescents who were found to have diffi culties adhering 
to treatment regimes were also found to have higher levels of 
depression, lower self - esteem, and higher levels of parent – child 
incongruence  [19] .    

 With regards to longer term outcome, externalizing beha-
viors reported shortly after diagnosis showed a signifi cant asso-
ciation with externalizing behaviors 2 – 3 years later  [20] . In 
addition to behavior problems, research has also looked at the 
relationship between parenting practices and children ’ s ’  quality 
of life. 
   •      Parents of children with cancer frequently report heightened 
perceptions of their child ’ s vulnerability and as a consequence 
feel over - protective and fi nd it very diffi cult to allow their child 
to make age - appropriate developmental transitions.  
   •      Quality of life in children with cancer has been found to be 
compromised by prevention - focused parenting (focus on avoid-
ing negative outcomes) rather than promotion focused parenting 
(focus on approaching positive outcomes)  [21] .  
   •      Parents of children who have been treated for cancer of the 
central nervous system have reported use of more prevention -
 focused parenting than parents of children from other cancer 
groups  [22] .    

 A further dimension of parenting that has been found to be 
affected by the cancer experience is the relationship between the 
parent and the child with cancer. In a qualitative study by 
Patterson, Holm and Gurney  [23] , 40% of the parents in the 
study reported that they experienced strains in their relationship 
with their child with cancer. Four sub - themes were identifi ed: 
concern that the parent was over - protective; uncertainty or con-
fl ict with the child over how much independence to allow; and 
confl ict over taking medications. Furthermore, some parents 
report a lack of positive experiences with their child with cancer 
 [8]  which has important implications for all who work with these 
families.  
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enormous impact upon the daily lives of families of a child with 
cancer. 

 The benefi ts systems in many countries are unwieldy and 
vary in their generosity. The United Kingdom has a number 
of non - governmental grant - making bodies able to respond 
quickly to requests on behalf of families experiencing fi nancial 
hardship  [27]   .

  Support and  i nformation  s ources: 
 i nternational  r esources for  f amilies 
and  h ealth  p rofessionals 

 Information and support for children, families and health 
professionals is becoming ever important in clinical practice. 
Some selected examples of the range of website - based resources 
in relation to children with cancer are described in Tables 
 21.1 – 21.8 .    

  Table 21.1    Website resources for Australia and New Zealand. 

   Name of organization     Web address     Features  

  Challenge     http://www.challenge.org.au         •      Non - profi t organization established in 1983 to provide children living 
with cancer and other life - threatening blood disorders with the 
opportunity to put their illness aside and interact with other children in 
similar circumstances  

   •      Offers services that include camps, family activities, hospital and parent 
support, art and music therapy, fi nancial support, holiday 
accommodation and an extensive ticketing program     

  Childhood Cancer Support     http://ccs.org.au         •      Relies on donations and sponsorship  
   •      Provides free accommodation, counselling, fi nancial assistance, and 

recreational activities     
  Cancer Society Of New Zealand     http://www.cancernz.org.nz/         •      Devoted to providing support, education, and funding of cancer 

research in New Zealand     
  Children ’ s Cancer Institute Australia     http://www.ccia.org.au/         •      Australian research institute devoted to childhood cancer     
  Childhood Cancer Foundation 

Canada -  Candlelighters  
   http://www.candlelighters.ca/         •      National support and information network enhancing the quality of life 

of children with cancer     

  Table 21.2    Website resources for Africa. 

   Name of 
organization  

   Web address     Features  

  South African Myeloma 
Foundation  

   http://www.
geocities.com/
HotSprings/5137/   

      •      Research into 
myeloma     

  CHOC Childhood Cancer 
Foundation  

   http://www.chocpmb.
org.za/   

      •      Voluntary group  
   •      Brings parents of 

sufferers together     

  Table 21.3    Website resources for Asia. 

   Name of 
organization  

   Web address     Features  

  Children ’ s Cancer 
Foundation  

   http://www.
ccf.org.hk   

      •      Supplement services provided by the 
Hospital authority  

   •      Enhance children ’ s quality of life     
  Children ’ s Cancer 

Foundation: 
Singapore  

   http://www.
ccf.org.sg   

      •      Improve children ’ s quality of life  
   •      Promoting awareness  
   •      Providing counselling etc.     

  Summary 

 The social and psychological care of children with cancer is an 
important, but as yet relatively under - researched, area of practice 
in the clinical setting. Studies that integrate the principles of 
health sciences such a sociology, psychology, informatics and 
economics will require a unique collaboration between patients, 
families, and health professionals and would be a major challenge 
to design, fund, and conduct with national and international 
outcomes in mind.  
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  Table 21.4    Website resources for Europe ( non  -  UK )  –  patients and families. 

   Name of organization     Web address     Features  

  Barretstown Gang Camp     http://www.barretstowngc.ie/         •      Specially designed camp for children with serious illnesses  –  primarily 
cancer and serious blood diseases  –  from Ireland, Britain and 
throughout Europe, and their families     

  International Society of Paediatric Oncology 
(SIOP)  

   http://www.siop.nl/         •      Annual scientifi c meeting meeting on all aspects of   pediatric oncology  
   •      Also sponsors regional/continental meetings to promote the exchange 

of information and good practice in pediatric oncology     
  Innovative Therapies For Childhood Cancer     http://www.itcc - consortium.org/         •      It is an academic European Consortium, comprising a pre - clinical 

network of nine research laboratories specializing in pediatric tumor 
biology and pharmacology, and a clinical network of 34 pediatric 
oncology centres, with specifi c expertise in early drug development and 
clinical trials  

   •      ITCC runs clinical and translational research connecting new drugs, 
biology and the unmet needs of children with cancer     

  International Union Against Cancer (UICC)     http://www.uicc.org         •      World Cancer Day  
   •      Raise awareness     

  Childhood Cancer Foundation Of Sweden     http://www.barncancerfonden.se         •      Raising funds     
  Cancer Society Of Finland     http://www.cancer.fi /         •      National Public Health Organization     
  Danish Cancer Society     http://www.cancer.dk         •      Research  

   •      Patient support  
   •      Prevention     

  Gesellschaft fur Padiatrische Onkologie und 
Hamatologie (GPOH)  

   http://www.kinderkrebsinfo.de/         •      Running clinical trials     

  Netherlands Cancer Institute     http://www.nki.nl/         •      Research and services     
  Neuroblastoma Infantil     http://www.neuroblastomainfantil.

info/   
      •      Childhood neuroblastoma information for parents and public     

  Dutch Childhood Cancer Parent Organisation 
(VOKK)  

   http://www.vokk.nl         •      National organization of parents of children of cancer  
   •      Support of parents and families  
   •      Information  
   •      Advocacy     

  Swiss Cancer League     http://www.swisscancer.ch         •      Research and fundraising     

  Table 21.5    European website resources for health professionals ( non  -  UK ). 

   Name of organization     Web address     Features  

  International Society of Paediatric Oncology 
(SIOP)  

   http://www.siop.nl/         •      Annual scientifi c meeting meeting on all aspects of   pediatric oncology  
   •      Also sponsors regional/continental meetings to promote the exchange 

of information and good practice in pediatric oncology     
  Innovative Therapies For Childhood Cancer     http://www.itcc - consortium.org/         •      It is an academic European Consortium, comprising a pre - clinical 

network of nine research laboratories specializing in pediatric tumor 
biology and pharmacology, and a clinical network of 34 pediatric 
oncology centres, with specifi c expertise in early drug development 
and clinical trials.  

   •      ITCC runs clinical and translational research connecting new drugs, 
biology and the unmet needs of children with cancer.     

  Gesellschaft fur Padiatrische Onkologie und 
Hamatologie (GPOH)  

   http://www.kinderkrebsinfo.de/         •      Running clinical trials     

  German Childhood Cancer Registry     http://info.imsd.uni - mainz.de/K_
Krebsregister/english/   

      •      This registry, based in Mainz, covers a population of 13.2 million 
children with cases for Western Germany from 1980 and for Eastern 
Germany since 1991. The Web site includes details of research studies 
and publications. English and German language.     
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  Table 21.6    Selected websites for North America. 

   Name of organization     Web address     Features  

  Children ’ s Oncology Group (COG)     http://www.childrensoncologygroup.
org/   

      •      Children ’ s Oncology Group (COG) researchers work together to identify cancer 
causes and pioneer new treatments and cures     

  Pediatric Brain Tumour Consortium 
(PBTC)  

   http://www.pbtc.org/         •      Identify through laboratory and clinical science superior treatment strategies for 
children with brain cancers  

   •      Working within institutions and communities to improve support services and follow 
up care for these patients and their families.     

  NIH -  National Institutes Of Health     http://www.nih.gov/index.html         •      NIH scientists investigate ways to prevent disease as well as the causes, treatments, 
and even cures for common and rare diseases     

  St Jude ’ s Children ’ s Research Hospital     http://www.stjude.org         •      Research efforts are directed at understanding the molecular, genetic and chemical 
bases of catastrophic diseases in children  

   •      Identifying cures for such diseases and promoting their prevention  
   •      Research is focused specifi cally on cancers, acquired and inherited 

immunodefi ciencies, infectious diseases   and genetic disorders     
  American Brain Tumor Association     http://www.abta.org/         •      American Brain Tumor Association exists to eliminate brain tumors through research 

and to meet the needs of brain tumor patients and their families     
  National Brain Tumor Foundation     http://www.braintumor.org         •      NBTF has funded cutting edge research into new treatments, improving traditional 

treatments and enhancing the quality of life of all brain tumor patients     
  Have A Heart Children ’ s Cancer Society     http://www.haveaheartcharity.org/         •      Raising funds to provide aid to families struggling to manage fi nancially     
  Candlelighters Childhood Cancer 

Foundation  
   http://www.candlelighters.org/         •      Support research  

   •      Raise awareness and provide information about cancer to patients ’  families     
  Alex ’ s Lemonade Stand     http://www.alexslemonade.org/         •      Hold lemonade stands to raise funds for children ’ s cancer research     

  Table 21.7    Website resources for the United Kingdom. 

   Name of organization     Web address     Features  

  Charlie ’ s Challenge     http://www.charlieschallenge.com         •      Raises money to fi nance research into brain tumors     
  CLIC Sargent     http://www.clicsargent.org.uk         •      Information about childhood cancer diagnosis, conditions and treatment     
  CCLG -  Children ’ s Cancer 

And Leukaemia Group  
   http://www.ukccsg.org/         •      National professional body responsible for the organization of the treatment and management 

of children with cancer in the UK  
   •      Coordination of national and international clinical trials, including biological studies  
   •      Other areas of activity include national cancer registration and provision of information for 

patients and families     
  CR - UK -  Cancer Research 

UK  
   http://www.cancerresearchuk.org/         •      UKs leading charity dedicated to cancer research     

  Cancerbackup     http://www.cancerbackup.org.uk         •      UKs leading cancer information charity, with over 6500 pages of up - to - date cancer information, 
practical advice and support for cancer patients, their families and carers     

  Macmillan Cancer Support     http://www.macmillan.org.uk/         •      Provide practical, medical, emotional and fi nancial support, and campaign for better cancer care     
  Leukaemia Research Fund     http://www.lrf.org.uk/         •      Dedicated exclusively to researching blood cancers and disorders including leukemia, Hodgkin ’ s 

and other lymphomas, and myeloma     
  Samantha Dickson Brain 

Tumour Trust  
   http://www.braintumortrust.co.uk         •      Largest dedicated brain tumor charity in the UK with the highest level of laboratory based brain 

tumor research in the country  
   •      Offers support to patients diagnosed with a brain tumor as well as their families and/or carers.     

  Ali ’ s Dream     http://alisdream.f2s.com/right.htm         •      Raising funds for research into childhood brain tumors  
   •      Fund scientifi c, medical and patient/carer qualitative/quantitative research in pursuit of their 

objectives  
   •      Established a pediatric focused scientifi c and medical advisory board and invite applications for 

funding via leafl et distribution at relevant conferences and contacting known research units     
  The Neuroblastoma Society     http://www.nsoc.co.uk/index.htm         •      Raises funds for British research into the disease     
  Lennox Children ’ s Cancer 

Fund  
   http://www.lennoxccf.org.uk/         •      Provide emotional, practical and fi nancial help to sufferers and their families  

   •      Formed with the intention of providing help to hospitals ’  specialist children ’ s cancer wards by 
supplying funds for refurbishment, toys etc.     
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   Introduction 

  Defi ning  l ate  e ffects of  c hildhood  c ancer  t herapy 
 Approximately 1:1000 children (20% more boys than girls) are 
diagnosed with a malignancy (most commonly, leukemia (32%), 
lymphomas (10%) or tumors of the CNS (24%) before their 15th 
birthday, this until recently, being second only to accidents as a 
major cause of mortality in childhood  [1] . In the last three 
decades, with more intensive and centralized therapies and 
enhanced supportive care increasing 5 - year survival from 25% to 
75% (Figure.  22.1 (a)), the term  ‘ late effects ’  has been coined 
to describe the increasingly recognized medical and psychosocial 
consequences affecting up to 60 – 85% survivors  –  the  ‘ price ’  of 
cure  [2, 3] .   

 Traditionally these  ‘ late effects ’  (and the services being devel-
oped to support them) are equated with the treatment - related 
(radiation or chemotherapy) organ toxicities and psychological 
morbidity experienced by those surviving more than 5 years from 
diagnosis, namely growth impairment, hypothalamo - pituitary, 
endocrine and reproductive dysfunction, abnormalities of cardiac 
and pulmonary function, renal and hepatic impairment, second-
ary malignancies, cognitive and psychosocial complications and 
even premature death. Arguably, however, this rather narrow 
view fails to recognize the potential contribution of the disease/
tumor itself  –  as well as any tumor - related or surgery - induced 
complications  –  to the late outcome, particularly where the 
disease affects a vital organ such as the brain, cardio - respiratory 
or reproductive organs, or causes obvious disfi gurement. 

 This is important because delaying late effects surveillance and 
support until this late stage after cure, potentially reduces the 
positive impact that early preventative and rehabilitative strate-
gies, especially targeted endocrine and psychological support, 
may have on reducing late morbidities which have their origins 
at the time of diagnosis. 

 For the fi rst time, there now exists a cohort of young adult 
cancer survivors (0.1 – 0.25% aged 20 – 30 years) facing a future 

with signifi cant morbidity (Figure  22.1 b). The average adult 
cured of cancer survives 10 years. The average child cured of this 
disease can look forward to a further survival, but with a poten-
tially reduced quality of life (QoL)  [4] . Since the latter results 
from the substantial health burden caused by treatment - induced, 
late, multi - organ and neuro - psychological toxicity, and impacts 
widely on public health, any intervention proven to enhance well -
 being, functional independence and QoL is now an important 
and necessary therapeutic goal. 

 Furthermore, with childhood cancer survival rates now so high 
(80%), an ethical re - evaluation between cure at any price vs its 
personal cost and quality of future survival is arguably urgently 
warranted. To put this in perspective, a modern high - dose inten-
sive treatment burden which improves the cancer cure rate from 
70% to 80%, whilst admirably curing 10% more children, in so 
doing diverts rehabilitative resources from, and puts at risk, the 
larger 90% majority who experience unnecessary treatment toxic-
ity, prolonged hospitalization and illness experience, 20% of 
whom will still die and 70% of whom would have been cured by 
older less costly and probably less toxic therapies. We have 
recently published the fi rst and largest cross - sectional evidence 
that the addition of chemotherapy to craniospinal irradiation for 
standard risk medulloblastoma reduces health status in 7 - year 
PNET 3 trial survivors in the UK  [5] , whilst conferring a signifi -
cant benefi t only in 5 - year event - free (74.2% vs 59.8%), but not 
overall (76.7% vs 64.9%) survival. It is now time to discard 
assumptions as to the relative toxicities of co - administered 
surgical, radiotherapeutic, and chemotherapeutic strategies in 
childhood cancers (statistically classifi ed as rare), based on cross -
 sectional and retrospective studies of survivors, and give equal 
priority to the careful prospective evaluation of health - related 
quality of survival in future randomized trials at diagnosis 
and before and after diverse treatments, as well as into the very 
long term. 

 Eighty - fi ve percent of childhood cancer survivors, particularly 
those treated youngest, most intensively, or for central nervous 
system (CNS) tumors, face cognitive, neuropsychological, and 
endocrine impairment. Future challenges include the prevention 
of premature mortality from treatment - induced second tumors, 
cardiac, pulmonary and renal toxicity, and morbidity from 
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hypopituitarism, obesity and their metabolic consequences. 
Improving quality of life (QoL) by early hormone replacement, 
preservation of fertility and neuropsychological rehabilitation 
will enable these young people to achieve employment, inde-
pendence, and successful peer relationships.  

  The  c hanging  t herapeutic  b aseline  ( s ee Box  22.1 )  
 Cranial and total body irradiation (TBI), both responsible for late 
neurocognitive and endocrine toxicity  [7 – 9] , are increasingly 
being substituted by more aggressive chemotherapy and/or the 
reduction, hyperfractionation, or more focal (stereotactic) appli-
cation of the cranial irradiation dose. However, it is unclear 
whether these strategies compromise cure or the quality of sur-
vival. Chemotherapy may cause neural and endocrine toxicity 
 [7] , whilst the pre - existing disease and its peri - operative course 
must also contribute, particularly where the CNS tumor site is 
 ‘ central ’   [10 – 12] , i.e. close to the thalamic, suprasellar, and 
hypothalamo - pituitary areas (HPA), rather than more lateral or 
inferior. The few available longitudinal studies suggest that: 
   •      Irradiation compounds an already pre - existing neurosecretory 
dysfunction  [13] .  
   •      That chemotherapy is additively toxic, to both the CNS  [13]  
and peripheral target glands  [14, 15] .  
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     Figure 22.1     (a), Five - year survival rates of 
childhood cancer patients diagnosed in successive 
periods, Great Britain 1962 – 96. (b), Number alive in 
specifi ed age group at the end of each calendar year 
with prior diagnosis of childhood cancer, Great 
Britain, 1961 – 2000.  Data reproduced with 
permission from the National Registry of Childhood 
Tumours (2004)  [6] .   

  Box 22.1    Diffi culties in determining etiopathology 
of late effects. 

        •      Assumptions as to causation based on retrospective, cross -
 sectional survivor studies in mixed diagnostic and treatment 
groups  

   •      Lack of prospective detailed long - term health - related 
outcomes in all patients entering randomized cancer 
treatment trials (i.e. intention to treat analysis)  

   •      Quality (as opposed to quantity) of survival not a primary 
outcome measure in cancer trials  

   •      Multimodality therapy with potentially multiple, diverse and 
additive neural, systemic and local effects  

   •      Changing treatment and disease baseline over time  –  
increasingly intensive therapies and increasingly severe disease  

   •      The long evolutionary trajectory of late effects  

   •      The plasticity/adaptability of the developing young person/
organ  

   •      The age - dependent effects  

   •      The inconsistent application and availability of targeted 
rehabilitative or protective interventions     
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  Neurocognitive  l ate  e ffects of  i rradiation 

  General  i ntellectual  a bilities 
 Early studies of neurocognitive outcome relied heavily on meas-
ures of intelligence and academic achievement scores. Whilst 
useful as an indicator of overall function, these summary scores 
serve only as distant markers of more specifi c core cognitive func-
tions  [23] , and the emphasis upon such scores as reliable indica-
tors of the presence or absence of defi cit is likely to mask more 
subtle underlying diffi culties. In addition, these summary meas-
ures do not provide adequate explanation on the exact defi cits 
that underlie changes in IQ and achievement seen in survivors of 
childhood cancer. 

 Reviews of the long - term cognitive effects of CRT in both CNS 
tumors and ALL agree that children in both groups are at risk of 
signifi cant cognitive morbidity  [23 – 25] , and that therapy was 
often associated with signifi cantly lower Full Scale IQ (FSIQ) than 
comparison groups. 

 Summary scores of intellectual or cognitive function are typi-
cally expressed as standardized scores with a mean of 100 and a 
standard deviation of 15. In relation to children with CNS tumors: 
   •      Retrospective studies of children irradiated for brain tumors 
have found that only 10% of children achieved FSIQ scores  > 90 
and 30 – 50% of children actually had FSIQ scores  < 70  [24 – 26] .  
   •      Children treated for medulloblastoma with CRT, with or 
without adjuvant chemotherapy, have demonstrated a mean 
estimated FSIQ more than one standard deviation below the 
population mean  [27] .  
   •      Longitudinal studies of IQ have shown declines in IQ over time 
 [28] , and declines in academic achievements such as literacy and 
arithmetic abilities  [29] . However, this is thought to represent a 
failure to learn and acquire skills rather than an absolute decline 
in abilities  [27, 29] .    

 Similar results have been observed in children treated for ALL 
with CRT. A study of 104 children treated via a variety of chemo-
therapy modalities, some with adjuvant CRT, found that signifi -
cantly fewer children treated with CRT exceeded average IQ 
scores when compared with those treated with chemotherapy 
alone  [30] . Later studies have indicated that although perform-
ance on measures of intelligence and achievement may be worse 
for children treated for ALL with CRT than those treated with 
chemotherapy alone  [31] , and worse than sibling controls  [32] , 
the degree of impairment is frequently mild at initial evaluation 
 [31]  but is progressive over time  [22] . Reviews would suggest that 
intellectual declines are usually more severe among children who 
are younger at the time of treatment and those who receive more 
aggressive therapy  [33] .  

  Mental  p rocessing  d efi cits 
 In order to identify the early cognitive changes that predict later 
IQ loss, research has increasingly focused on specifi c cognitive 
defi cits that are thought to contribute to the general neuro-
cognitive late effects. Memory and attention are the fundamental 

   •      Endocrinopathies, skeletal irradiation, chemotherapy and glu-
cocorticoids, malnutrition and prolonged ill - health all independ-
ently infl uence sexual maturation and bone mineral accretion, 
thereby confounding data on infertility or osteopenia in survivors 
 [16] .      

 The picture has also been confused by discrepancies between 
24 - hour physiological and pharmacological hormone secretion 
in longitudinal  [13, 17] , and cross - sectional survivor studies  [18, 
19]  of cranial irradiation, the long evolutionary time course, the 
largely retrospective, cross - sectional studies, and the changing 
multimodal and individually tailored therapy baseline. 

 Although fi nal height and fertility are important endocrine 
end - points, current data often relate to already outdated 
treatment regimens, whilst better surgical, supportive, and reha-
bilitative opportunities, including new assisted reproduction 
techniques and better school awareness of individual needs, will 
surely alter outcome, hopefully for the better, for those undergo-
ing treatment today. Before the balance between cure and late 
morbidity can be truly evaluated, the toxicity of new cancer treat-
ments must be critically appraised over many years.  

  Late  e ffects of  CNS   d irected  t reatments 
 Cranial irradiation therapy or radiotherapy (CRT) is seen as the 
most important treatment for many childhood CNS tumors, 
including medulloblastoma/primitive neuroectodermal tumor 
(PNET), glioma and ependymoma  [20] . The indications for 
radiotherapy, the dose administered, and the extent of irradiation 
to the neuroaxis, vary with cancer or tumor type and patients age. 
In children with CNS tumors, the goal of CRT is the selective 
destruction of neoplastic cells. Typically, CRT is delivered once 
daily, 5 days a week for up to 6 weeks. The total dose delivered 
to the brain in the context of CNS tumors, can be more than twice 
that given in the treatment of acute lymphoblastic leukemia 
(ALL)  [21] . 

 CRT, in combination with a variety of chemotherapeutic regi-
mens, has been widely used in the treatment of ALL for over 25 
years  [22] , and is cited as one of the most important factors in 
improving survivorship and life expectancy for children in this 
group. Traditionally, CRT was used to destroy cancer cells which 
had seeded through the blood or cerebrospinal tissue to the brain. 
However, with the resultant improved survival rates, reports 
began to emerge in the 1970s and 1980s of adverse neurocognitive 
sequelae. 

 The late effects of CRT include neurocognitive defi cits, endo-
crine dysfunction, secondary tumors, hair loss, hearing loss and 
risk of other neurological sequelae, such as cerebrovascular acci-
dents and epilepsy, all of which will be discussed later. 

 Changes in treatment protocols to manage the risk of mortality 
and morbidity following treatment have followed. As a result, 
children with standard risk ALL are no longer routinely admin-
istered CRT unless they experience relapse. Similarly, the role of 
CRT for treatment in childhood CNS tumors is central to national 
and international trials in order to manage the associated 
morbidity.   
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typically used in the treatment of attention defi cit hyperactivity 
disorder, which has reported mixed but tentatively positive 
results  [42] . Similarly, attentional retraining programs have also 
begun to emerge which have reported positive results  [43] .   

  Variables  a ssociated with  o utcome 
 A number of child, tumor and treatment - related factors have 
been consistently investigated in research regarding their infl u-
ence upon neurocognitive outcome. These factors are discussed 
below and summarized in Box  22.2 .   

  Cranial  i rradiation  t herapy  d ose 
 The impact of total dose and dose fraction are variables fre-
quently investigated with regard to their infl uence on neurocog-
nitive outcome in both CNS and non - CNS cancer treatment. The 
following issues have been reported: 
   •      Data on reduced dose irradiation are contradictory:  

  i     A number of studies investigating the impact of reducing 
CRT dose from 2400 to 1800   cGy in prophylactic treatment for 
leukemia, found no difference in cognitive outcome data  [21, 
41] .  
  ii     However, other studies (e.g.  [44] ) have reported that IQ and 
memory scores were at the expected mean for age 7 years fol-
lowing treatment with 1800   cGy and chemotherapy, with only 
25% of patients achieving IQ scores below 90.    

   •      In children receiving CRT for brain tumors, reduction in CRT 
dose has been shown to be benefi cial for younger (4 – 7 years old 
at treatment) but not older children [8] , although other studies 
have demonstrated a benefi t of a lower dose across the group  [27, 
45] .  
   •      There does, however, appear to be agreement that outcome in 
children who have had a second course of CRT following relapse 
is poorer, with studies demonstrating signifi cantly greater declines 
in IQ over time  [46, 47] .    

 The role of volume of radiation to the brain appears to be 
somewhat less controversial. When whole brain irradiation is 
compared with posterior fossa irradiation alone or other focal 

processes by which information or knowledge is acquired. 
Attention and memory defi cits are hypothesized to limit the 
information base available to the child, which then makes the 
acquisition of new information more diffi cult. Effective attention 
and memory systems allow for the accumulations of knowledge 
that are refl ected later in intelligence and achievement scores such 
as the FSIQ  [34] . The possibility that IQ defi cits following CRT 
may be due to the interruption of the normal development of 
processing speed and working memory has also been proposed 
 [35] . Separation of mental processing defi cits into those associ-
ated with  ‘ attention ’  and those involving  ‘ working memory ’  is a 
useful approach used in recent reviews (e.g.  [33, 36] ), although 
it is acknowledged that the two constructs are not independent 
from each other. 

  Attention 
 Attention is not seen as being a unitary construct and may be 
operationalized in tasks which require particular attentional skills 
or processes such as alertness, sustained attention, divided atten-
tion, focused attention and selective attention  [34] . Unfortunately, 
within oncology research, the construct of attention is often 
poorly defi ned and measures lack specifi city. As a result, global 
diffi culties within the domain of attention may be reported, when 
actually only specifi c defi cits may be present or studies may fail 
to report poorer  ‘ attentional abilities ’  following CRT, as the 
actual skill or defi cit may be too specifi c to be captured by the 
generic measure employed in the study. This of course leads to 
the risk of type I (false positive) and type II (false negative) errors. 
Despite this, there does seem to be general agreement that treat-
ment with CRT for both ALL and CNS tumors leads to a variety 
of diffi culties in the domain of attention (e.g.  [22, 31, 36] ), 
particularly selective or focused attention  [36 – 38] .  

  Working  m emory 
 It has been proposed that differences in IQ scores between chil-
dren treated with CRT for ALL and healthy controls are mediated 
by differences in working memory  [35] . Working memory has 
been described as  ‘ the  ‘ online ’  maintenance of information while 
it is being processed: the constant updating of incoming informa-
tion so that processing can be accomplished and decisions can be 
made ’   [34 , p.27]. Examples of day - to - day tasks which use working 
memory, are solving mathematical problems without pen and 
paper or holding a telephone number in mind whilst dialling it. 

 The working memory abilities of children who have received 
CRT for ALL  [39]  and CNS tumors  [40]  are reported to be poorer 
than healthy controls and this is thought to mediate poorer FSIQ 
scores as indicators of overall intelligence  [35] . In children with 
CNS tumors, CRT and tumor site have been associated with 
severe working memory defi cits, especially for tumors in the tha-
lamic region  [41] . 

 As noted above, diffi culties in attentional or working memory 
abilities can have a very signifi cant impact upon a child or ado-
lescent ’ s ability to achieve academically. Some research has been 
conducted into attentional remediation using pharmacology 

  Box 22.2    Factors associated with less favourable 
neurocognitive outcome in pediatric central nervous 
system ( CNS ) tumors   [52]  . 

        •      Hydrocephalus  

   •      Site of tumor  

   •      Peri - operative surgical complications  

   •      Volume of cranial irradiation therapy  

   •      Methotrexate  –  especially with cranial irradiation therapy  

   •      Young age at diagnosis and treatment  

   •      Time since treatment  

   •      Moya - moya syndrome     
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for seizures is thought to be multifactorial including the presence 
of space - occupying tumors in the cranial cavity, metabolic disor-
ders, and the direct effect of medications on the CNS  [59] . 
Epilepsy is rarely associated with non - CNS cancers. The highest 
prevalence has been found in children with supratentorial tumors 
and lowest rates were associated with hematopoietic cancers  [60] . 
Treatment is largely with anticonvulsant drugs but is problematic 
during treatment phases due to interactions with chemothera-
peutic drugs, and epilepsy is a signifi cant long - term sequelae in 
these patients. 

 The incidence of seizures in children with ALL ranges from 
4 to 13%  [61]  and may be associated with metabolic disorders 
which are often resolvable with treatment, intracranial hemor-
rhage and stroke, infection and chemotherapy - induced adverse 
drug reactions  [61] , which are also often resolvable. Issues around 
the need for neuroprotective strategies are summarized in 
Box  22.3 .    

  Ototoxicity 
 The chemotherapy agent cisplatin is most likely to be associated 
with longer - term hearing sequelae for children who receive 
therapy for cancer. In particular, cisplatin affects higher frequen-
cies of hearing, i.e. 4000 – 8000   Hz, but also the more normal 
conversational frequencies of 500 – 2000   Hz, in a manner that 
depends on cumulative dose up to a total of 600   mg/m 2   [62] . 
   •      Although the cisplatin analogue carboplatin is well tolerated in 
the longer term and causes little or no ototoxicity at standard 
doses, cisplatin causes a sensorineural hearing defi cit that dete -
 riorates over time, especially when cumulative doses exceed 
400   mg/m 2   [63] .  
   •      Cisplatin ototoxicity may relate to higher free platinum con-
centrations in the plasma during the time of infusion, and in 

CRT, irradiation of larger areas is associated with more severe 
cognitive sequelae  [48, 49] , although the effects of risk - adapted 
CRT on reading, spelling, and IQ is thought to be moderated by 
age, with the greatest declines seen in children less that 7 years 
old at diagnosis  [50] .  

  Age at  t reatment 
 Young age at treatment is one of the most important risk factors 
for neuro - toxicity in both children with acute lymphoblastic 
leukemia and children with brain tumors  [48, 51] . A number of 
factors have been suggested to contribute to the poorer cognitive 
outcome seen in children diagnosed and treated in infancy: 
   •      Defi cient development of white matter, or white matter loss 
following CRT, might provide a neuroanatomical explanation for 
the severe impact of CRT on cognition in the very young  [52] .  
   •      Since intellectual ability at diagnosis is thought to be more 
predictive of IQ later than is age per se, younger children may be 
more vulnerable to decline prior to CRT due to the interaction 
of their tumor with their brain development  [53] .    

 Questions have been raised as to whether epidemiological 
factors may largely explain poorer outcome in children diagnosed 
and treated in infancy. Namely, children under the age of 2 years 
have the worst survival rates  [54] , possibly because a dispropor-
tionately high number of children in the age group are diagnosed 
with supratentorial tumors, which are associated with worse 
outcome  [53] . However, Moore  et al .  [55]  concluded that even 
when tumor diagnosis, tumor location, and demographic factors 
are matched, infants are at greater risk than older children for 
signifi cant and long - term neuropsychological morbidity. Gender 
has not been found to infl uence outcome in CNS tumors  [56] .  

  Hydrocephalus 
 Presence of a shunt has been shown to be signifi cantly associated 
with reduced FSIQ; the effect of which has been estimated at 11 
FSIQ points  [56] , and also with diffi culties in sustained attention 
 [38] , and lower arithmetic abilities  [29] . However, other studies 
have not replicated this effect consistently  [57] .  

  Tumor  l ocation 
 Tumor location has been thought to play a role in the long - term 
outcome for children with CNS tumors. Supratentorial tumors 
are associated with greater cognitive impairment than infratento-
rial tumors, even when whole brain CRT was not used in treat-
ment  [58] . In addition, hemispheric tumors have been reported 
to be associated with greater cognitive impairment than tumors 
of the third or fourth ventricles  [48, 56] .    

  Late  e ffects of  CNS   c hemotherapy 

  Neurological  l ate  e ffects 
  Epilepsy 
 Seizures are common neurological complications of cancer and 
may occur at various points in the disease history. The causality 

  Box 22.3    Neuroprotection summary. 

        •      Many children with brain tumors have signifi cant central 
nervous system late effects, which are diffi cult to predict or 
prevent at the present time  

   •      Modifi cations to the treatment regime to reduce the direct 
side effects can only be justifi ed if the cure rate is equivalent  

   •      Strategies for prevention of central nervous system late effects 
might be targeted at vascular risk factors if these prove to be 
part of the pathophysiology  

   •      Early recognition of cerebrovascular disease, e.g. when 
children present with transient ischaemic attacks rather than 
stroke, and of the specifi c cognitive and behavioural problems 
may allow targeted management of the individual  

   •      The long term risks of cerebrovascular disease in survivors 
during adolescence and early adulthood are unknown  

   •      Due consideration will need to be given to clinical priorities 
for screening for risks, stratify preventative and therapeutic 
intervention for cerebrovascular disease in this patient group     
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 [12, 72]  (Figure  22.2 (a)). However, delayed tumor -  or surgery -
 induced neuronal injury may also play a part. 
   •      Experimental pituitary irradiation in rats  [73]  causes the char-
acteristic growth hormone (GH) defi cit seen in humans  [12]  but 
not the adrenocorticotrophic hormone (ACTH) and gonadotro-
pin defi ciency seen in man.  
   •      Furthermore, the relative radioresistance of thyroid stimulating 
hormone (TSH) and prolactin secretion noted in the human 
subjects  [12]  was absent in rats, these hormones and GH being 
affected early  [73]   –  perhaps a refl ection of their common devel-
opmental origin  [74] .  
   •      Post - irradiation pituitary defi ciencies are also noted in children 
after high doses ( > 50Gy) for orbital and middle ear tumors  [75] .  
   •      However, after lower cranial doses for brain tumors (30 – 50Gy) 
or leukemia (18 – 24Gy)  [76] , the high prevalence of defi ciencies 
other than GH noted in the adult pituitary studies  [12]  have not 
been confi rmed in childhood survivors of posterior fossa or later-
ally placed tumors  [11, 13 – 15, 77, 78] , despite similar pituitary 
doses and 10 - year follow - up. GH defi ciency is the earliest and 
often the only abnormality and the defi cit is usually permanent 
 [77, 78]  (Figure  22.2 (b)).        

 Given the clear - cut time -  and dose - dependency, pituitary defi -
ciencies are likely to be multiple and to manifest quickly and most 
completely in the youngest children receiving the highest irradia-
tion doses or where tumors are close to the HPA, i.e.  ‘ central ’   [12, 
70] . By contrast, they may be single, evolve more slowly or be 
qualitative rather than quantitative in nature after irradiation to 
more laterally sited tumors  [13, 72]  or after the lower cranial 
doses used in leukemia prophylaxis  [17, 76, 79]  and TBI  [19, 80, 
81] , particularly if fraction size is also reduced (Table  22.1 ). This 
may well result in a cohort of survivors who need hormone 
replacement therapy as adults rather than as children  [82] .   

  Nature and  s ite of the  n euro -  e ndocrine  d efect 
 The neuroendocrine consequences of cranial irradiation are sum-
marised in Box  22.5 . Whether the post - irradiation endocrinopa-
thy is neural or vascular, hypothalamic or pituitary, is still hotly 
debated. The few available studies do not suggest that either 
hypothalamic  [79]  or hypophyseal - portal blood fl ow  [83]  are 
compromised. The hypothalamus or its portal connections are 
perceived to be more radio - sensitive than the pituitary; evidence 
sited includes hyperprolactinaemia after  > 50   Gy  [73] , for 

keeping with this, schedules that recommend a longer infusion 
time per given dose tend to be better tolerated  [64] .    

 However, in the context of children with CNS tumors, then the 
combination of cisplatin and posterior fossa radiotherapy may 
lower the tolerance of either agent in terms of ototoxicity. For 
example, although when given after cisplatin, radiotherapy has 
no deleterious effects on hearing  [65] , younger age and prior 
irradiation each contribute to the severity of hearing loss at a 
given cisplatin exposure level  [66] .   

  Late  n euroendocrine  t oxicity 
  Radiobiology 
 The radiosensitivity of a tissue is directly proportional to its 
mitotic activity and inversely proportional to its degree of 
differentiation  [67] . All organs are damaged by irradiation but 
the late effects on specialized, slowly -  or non - proliferating cell 
populations (such as the brain) are manifest only with time. 
Fractionation of the dose generally improves the therapeutic 
margin, but there is evidence to suggest the gonads are an excep-
tion to this rule  [67, 68] . Other long - term consequences include 
life - shortening mutagenicity and carcinogenesis  [67, 69] . With 
conventional external beam radiotherapy, late neuroendocrine 
effects depend upon  [12, 67] : 
   •      The volume of the brain irradiated.  
   •      The fraction size and interfraction interval.  
   •      The age of the child.  
   •      The total dose delivered.  
   •      The time elapsed since injury.    
 The irradiation fi eld for most infratentorial childhood brain 
tumors is demarcated by the pituitary margins and the pituitary 
dose is at least 40 – 45   Gy. The highest hypothalamo - pituitary 
doses (up to 70   Gy) occur after treatment for nasopharyngeal 
tumors, with consequent multiple pituitary defi cits  [70] . Yttrium -
 90 implants and the newer stereotactic irradiation techniques, 
although more focused, currently have limited application in 
childhood cancer.  

  Chemotherapy,  r adiation, and  t oxicity 
 Additive effects from combined drugs and radiation may cause 
cumulative toxicity in late - responding tissues, without time for 
regeneration between the two treatment modalities. Toxicity to 
the thyroid  [15] , gonad  [14] , and skeleton  [71] , as well as to 
central pituitary hormone secretion  [13] , is greater when adju-
vant chemotherapy and irradiation are combined. Thus, using 
chemotherapy to delay, but not necessarily avoid, potentially 
curative cranial irradiation in the youngest children  [9, 67]  may 
cause additive injury that is evident only in the longer term.  

  Neuroendocrine  c onsequences of  c ranial  i rradiation 
  Panhypopituitarism  (Box  22.4 )  
 After surgery for pituitary tumors, the few adults (37/165 in one 
series) with more than one intact pituitary hormone, suffer an 
evolving  ‘ post - irradiation ’  (20 – 45   Gy) endocrine defi cit which is 
dose -  and fractionation - dependent and hierarchical in nature 

  Box 22.4    Neuroendocrine consequences of cranial 
irradiation. 

        •      Panhypopituitarism  

   •      Growth failure and growth hormone defi ciency  

   •      Precocious puberty  

   •      Hypothalamo - pituitary adrenal integrity  

   •      Obesity     
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nasopharyngeal or pituitary tumors, attributed to disrupted 
hypothalamic inhibitory dopaminergic tone  [70, 73] . However, 
hyperprolactinaemia is not seen after treatment for extrasellar 
tumors in childhood  [70, 77, 84, 88] , nor has diabetes insipidus, 
a typical hypothalamic disorder, been reported  [70] . Selective 
damage to hypothalamic control centers is suggested by discord-
ant suppression of insulin - mediated and spontaneous GH release 
in irradiated rhesus monkeys  [85] , children with leukemia  [19, 
86]  and brain tumors  [13]  and paradoxically preserved GH 
responses to other centrally - acting agents or hypothalamic releas-
ing factors  [83, 88] . Since GH secretion  [13, 18, 77]  and pituitary 
GHRH responses  [77, 87, 88]  decline with time, direct pituitary 
damage is a possibility.   

 Spontaneous GH secretory profi les  before  low (10   Gy)  [19]  or 
high (30 – 50Gy)  [13]  cranial irradiation doses already reveal dis-
turbed GH pulsatility, with suppressed insulin - induced and par-
adoxically - preserved physiological GH peaks. We proposed  [13]  
that the disease (cerebellar tumor) and/or its surgery, somehow 
disrupt afferent or efferent GH chemoreceptor responses to 
hypoglycemia and suppress hypothalamic somatostatin secretory 
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     Figure 22.2     (a), Ten - year life - table analysis in 37 of 165 adults with 
intrasellar or anatomically adjacent tumors, and normal post - operative 
hypothalamo - pituitary function, indicating the likelihood of an evolving 
endocrinopathy after 37.5 – 42.5   Gy pituitary irradiation in 15 fractions over 
20 – 22 days. GH is most sensitive, all adults being GH defi cient within 5 years, 
whilst ACTH and gonadotrophins (LH and FSH) are increasingly affected over 
time (80% at 10 years). TSH is most resistant.  (Redrawn with permission from 
 [12] .)  (b), Ten - year probability of an evolving endocrinopathy, occurring after a 
median estimated hypothalamo - pituitary irradiation dose (DXR) of at least 40   Gy 
in 1.8   Gy fractions, in 20 young adult survivors of resected posterior fossa brain 
tumors tested twice  –  at the onset of growth failure and at completion of 
growth  –  who were otherwise asymptomaticGH defi ciency was present in all 
patients tested at fi rst assessment and was permanent. ACTH (10%) and TSH 
(5%) defi ciencies were comparatively rare and there was no case of 
gonadotrophin defi ciency or hyperprolactinaemia over the duration of follow - up. 
 (Redrawn with permission  [28] .)   

  Table 22.1    Likely endocrine defi cit according to cranial irradiation dose (brain 
tumors distant from pituitary area). 

   Dose      Endocrinopathy  

   > 55 – 70   Gy    Hyperprolactinaemia, panhypopituitarism  
  30 – 55   Gy    GH insuffi ciency, evolving endocrinopathy  
  18 – 24Gy    Neurosecretory disturbance    Pubertal GH 

insuffi ency,early 
puberty, adult GHD  

  10 – 15   Gy    Neurosecretory disturbance    Adult GHD  

   GH, growth hormone. GHD, growth hormone defi ciency.   

  Box 22.5    Etiologies of hypothalamo - pituitary 
dysfunction after central nervous system directed 
therapy. 

        •      Growth hormone defi ciency affects all cranially irradiated 
survivors eventually, but adrenocorticotrophin hormone 
defi ciency is rare if there has been no hypothalamic - pituitary 
area disease.  

   •      The hypothalamic and/or pituitary nature of the post -
 irradiation endocrinopathy needs clarifi cation.  

   •      Cranial irradiation is not the only culprit, surgery and disease 
being signifi cant in its causation.  

   •      Systemic chemotherapy also crosses the disrupted blood –
 brain barrier and results in additive central toxicity  

   •      The differentiation of hypothalamic from pituitary disease has 
important therapeutic and etiological implications     
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 Discrepancies between growth velocities, stimulated GH 
responses and 24 hour endogenous GH secretion  [17, 19, 86] , 
complicate the diagnosis of GH defi ciency in survivors of lower 
cranial irradiation doses as used in acute leukemia. By contrast, 
these discrepancies are rare after the higher cranial irradiation 
doses used to treat brain tumors, except when studied within 2 
years of diagnosis  [13] , presumably due both to the greater speed 
with which GH defi ciency develops and the degree of the defi -
ciency (Figure  22.3 ).   

 Serum insulin - like growth factor - 1 (IGF - 1) and its binding 
protein (IGF - BP3), are also unreliable estimates of 24 hour  [77, 
88]  or stimulated  [88, 96]  GH secretion in cranially irradiated 
children. Possible reasons include disrupted hypothalamic 
feedback  [88] , nutritional infl uences early in the disease  [96] , 
pubertal hormonal changes and increased IGF - BP3 protease 
activity in malignancy. However, as the severity of GH defi ciency 
evolves with time, the accuracy of the tests improves to 83% and 
71% for IGF - 1 and IGF - BP3 respectively  [77] . The lack of a  ‘ gold 
standard ’  for assessing GH secretory status makes it imperative 
that all slowly growing children have a full endocrinological 
assessment.  

  Growth  h ormone  t herapy and  t umor  r elapse 
 The risk that  r - h GH may predispose to malignancy or relapse  [97, 
98]  is only theoretical  [99, 100] , at least when used in replacement 
doses, though very large numbers of GH - treated individuals 
would have to be studied to achieve statistical certainty. There are 
reports of acute leukemia in GH - treated children but half had 
predisposing conditions, and leukemia has also been reported in 
 un treated patients with idiopathic GH defi ciency  [101] . Although 
lymphocyte subsets are normal in GH - defi cient patients, consist-
ent with the absence of clinical immunodefi ciency, lymphocyte 
natural killer activity is reduced in some individuals  [102] . GH 
receptors are present on lymphocytes. If leukemic transformation 
has already taken place, GH might accelerate the process, but the 
concentrations needed are 10 times higher than those used thera-
peutically  [98] . 
   •      Amongst 6284 GH - treated individuals in the USA with 59   736 
patient years of follow - up, just three cases of leukemia occurred 
(RR 1.8, 95% CI, 0.8 – 7.5).  
   •      This fi gure increased to six cases at 83   917 patient years of fol-
low - up (RR 2.6, 95% CI 1.2 – 5.2), but fi ve of these patients had 
previous cranial tumors and all except one had been pre - treated 
with cranial irradiation  [99] .   
Further reassuring evidence comes from a rodent tumor - bearing 
model, whose GH - induced improvement in nitrogen - wasting 
and cachexia was not at the expense of an increase in primary 
tumor size; there was a surprising reduction in the size and 
number of pulmonary metastases compared with placebo - treated 
animals  [103] . Nevertheless, supraphysiological doses should be 
used rarely and only with extreme caution in the clinic. 

 To achieve a maximum response to therapy,  r - h GH should be 
substituted early, before (an age - appropriate) puberty. However, 
most centers are cautious about introducing this therapy within 

tone, important in regulating GH pulsatility. Superimposing 
cranial irradiation also suppresses physiological GH peak genera-
tion, suggesting eventual hypothalamic GH - releasing factor 
(GHRH) defi ciency  [13] , and possible consequent dysfunction or 
atrophy of the pituitary somatotroph  [77, 88] . Chemotherapy 
plays an important contributory part in this evolving neural dys-
regulation at the HPA  [13] . 

 The distinction between hypothalamic and pituitary dysfunc-
tion has therapeutic relevance. Hypothalamic gonadotrophin -  
and growth hormone - releasing factors restore fertility  [89]  and 
growth  [90] , respectively, but only if the pituitary is intact. 
Because the response to GHRH also depends on hypothalamic 
somatostatin secretion which is disturbed by cranial irradiation 
 [13, 19] , GH - releasing factor therapy is less effective than recom-
binant human GH ( r - h GH) in enhancing growth  [90] . If the etiol-
ogy and site of the damage are accurately determined, protective 
strategies can be attempted before irradiation commences  [91] .   

  Growth  f ailure and  g rowth  h ormone  d efi ciency 
 Growth failure, disturbed physiological GH secretion and/or 
attenuated stimulated peak GH responses, affect 60 – 100% of 
children within 2 – 5 years of fractionated ( < 2   Gy) cranial irradia-
tion doses of  > 30   Gy  [10, 11, 13] . 
   •      The speed of onset is dose - dependent  [72]  but there is unlikely 
to be a lowest  ‘ safe ’  dose. The few studies of physiological 24 - hour 
GH secretion before and after TBI (10   Gy)  [19] , cranial irradia-
tion (24Gy) for leukemia  [10]  or brain tumors distant from the 
HPA ( > 30   Gy)  [13]  suggest a steadily evolving picture of neuro-
secretory disturbance with time and irradiation dose - intensity 
 [13, 19, 92] , which is eventually severe and permanent  [77, 82, 
88] .  
   •      Abnormalities in GH pulsatility after 10   Gy of slow dose - rate 
TBI  [19] , or fractionated (2   Gy) cranial doses of 18   Gy  [92]  and 
24   Gy  [93]  are particularly evident in puberty  [79, 93] . More 
favourable reports  [92]  have assessed mean or peak GH secretion 
only and may miss the early qualitative, subtle disturbances in 
GH pulsatility and failure to augment pubertal GH secretion 
adequately  [79, 93] .    

  Diagnosing  GH   d efi ciency 
 After treatment for brain tumor and cranial irradiation for leuke-
mia, GH defi ciency is common, its prevalence increasing with 
time and affecting almost all cranially irradiated survivors within 
5 years  [11, 94] . To the untrained observer the diagnosis is 
masked by early puberty, obesity, and the confounding effects of 
spinal irradiation. Accurate diagnosis requires a high index of 
suspicion and careful growth and development surveillance by 
trained endocrine personnel. In a recent multicenter report, the 
prevalence of GH replacement therapy among 545 children 
treated for medulloblastoma before 15 years of age, varied from 
5% to 73%, and was commenced on average only 4 years after 
diagnosis  [95] , presumably accounting for the short adult stat-
ures reported. 
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confi rmatory and further physiological assessment or even a 
therapeutic trial of  r - h GH may be necessary.  

   GH   d efi ciency in  a dulthood 
 Adult survivors of low cranial irradiation doses are at real risk of 
adult GH defi ciency with its attendant implications for reduced 
bone mineralization, altered body composition (increased fat 
mass), decreased cardiac performance and atherogenic lipid 
profi le, and reduced quality of life due to the adult GH defi ciency 
syndrome  [104] . Cardiac contractility may be further reduced by 
signifi cant (30%) irradiation scatter to the mediastinum from the 
spinal dose  [105] , and the adjuvant toxicity of potentially cardio-
toxic chemotherapeutic agents needs to be considered in this 
context and also in relation to the potential for lung fi brosis  [105] . 

 Although GH replacement appears safe in these patients from 
the point of view of disease relapse  [106, 107] , there have been 
concerns that supraphysiological doses of GH may promote 
tissue overgrowth, which could enhance risks for tumor recur-
rence or second tumor development . However, there is as yet no 
evidence for this in childhood.   

the fi rst 1 – 2 years after cancer treatment, as this is the time of 
highest relapse rate. By pharmacological testing, most children 
treated for brain tumors will be defi cient within that time. 
However, the diagnosis may be delayed or diffi cult in children 
treated with lower cranial irradiation doses for leukemia because 
of the discrepancies discussed previously. It is therefore para-
mount to carefully document growth (sitting and standing 
height), weight and pubertal status 3 – 6 monthly from cancer 
diagnosis until adult height, and also to measure parental heights. 
Growth and growth velocity must be carefully interpreted in the 
light of mid - parental target height, the tendency to early puberty, 
advanced skeletal maturity, inexorable weight gain, and previous 
therapy (e.g. spinal irradiation with/without chemotherapy). The 
smallest, youngest and most intensively treated children are par-
ticularly at risk of failing to achieve an adequate adult height even 
with  r - h GH replacement. Supportive evidence of GH defi ciency, 
from pharmacological (glucagon or insulin - hypoglycemia) or 
physiological tests, is invariably required for licensing purposes, 
especially as radiation treatments become more focused and 
refi ned. Nevertheless, there may be instances where tests are not 
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     Figure 22.3     Relationship of (a), spontaneous GH 
troughs (OC 5, ), (b), spontaneous GH peaks (0C 95 ), 
and (c), stimulated peak GH responses to 
hypoglycaemia (ITT), with increasing therapeutic 
intensity and time in short normal (SN) controls, and 
children with brain tumors before (pre) radiotherapy 
and at 1 and 2 – 5 years after neurosurgery alone 
(surg, Gp1), or with additional  > 30   Gy cranial 
irradiation (dxr, Gp 2), and  > 30   Gy cranial irradiation 
with adjuvant chemotherapy (chem, Gp 3). Note the 
wide variation in trough secretion across groups 
compared with controls, and the marked early 
discrepancy between spontaneous (preserved) and 
stimulated (attenuated) peaks, even in children 
treated with surgery only (Gp 1). This discrepancy 
becomes concordant with time and intensity of 
therapy as spontaneous GH secretion fails.  (Redrawn 
with permission  [13] .)   
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  Obesity 
 Excessive weight gain is a recognized complication of suprasellar, 
but not intrasellar, tumors and their treatment. For some time, 
growth may be maintained in the face of GH defi ciency by 
increased IGF - bioavailability, modulated in turn by hyperin-
sulinemia, which further drives the obesity  [115] . There is some 
evidence to suggest that obesity in these circumstances results 
from ventromedial hypothalamic lesions causing disinhibition of 
vagal tone at the level of the pancreatic  β  cell; in extreme cases 
truncal vagotomy has alleviated the obesity  [116] . 

 The tendency to obesity observed in cranially - irradiated young-
sters without hypothalamic lesions is harder to explain  [112, 117] , 
and just as diffi cult to treat. Whether the eventual insulin resist-
ance is also primarily the result of increased vagal tone or second-
ary to hyperphagia involving central satiety centers is unknown. 
   •      Recent work suggests that survivors of leukemia have decreased 
metabolic expenditure, rather than increased metabolic intake, 
entirely due to reduced physical activity  [118] .  
   •      Corticosteroid use may also be an important contributory 
factor. In studies so far, cortisol secretion appears normal in 
childhood  [114]  but in adults with prolonged GH defi ciency syn-
drome, there may be a change in the bioavailability of cortisol 
through 11 β  - hydroxy - steroid dehydrogenase and the cortisol -
 cortisone shuttle  [119] .    

 Obesity and insulin resistance pose a real risk of premature 
death from diabetes and cardiovascular disease. GH defi ciency 
aggravates obesity, whilst GH therapy decreases fat mass, increases 
lean mass through direct actions on adipocytes and suppresses 
leptin in parallel  [113] . Both insulin and leptin are suppressed by 
somatostatin which paradoxically, may improve short - term 
insulin resistance in this situation  [118] . Leptin signalling modu-
lates energy balance via effects on the hypothalamus and other 
tissues, maintaining adipose tissue mass within a fi nite physio-
logical range. Any role that disturbances in this pathway might 
play in the evolution of obesity (or early puberty) after cranial 
irradiation remains still has to be elucidated, but  ‘ healthy life -
 style ’  measures and adult GH replacement therapy need to be 
considered in these circumstances, even if there are no other 
signifi cant endocrinopathies.    

  Neurocognitive  l ate  e ffects of  CNS   c hemotherapy 
 Most studies compare neuropsychological outcome between chil-
dren treated with CRT and chemotherapy as CNS prophylaxis, 
and conclude that children treated with CRT experience less 
favourable cognitive outcome, as discussed above. Prospective 
longitudinal studies on cognitive functions in children treated for 
ALL with chemotherapy only are scarce and have shown mixed 
results. 

 Kingma  et al.   [120]  found that children surviving ALL have no 
major cognitive impairment after chemotherapy, including 
intrathecal and high - dose intravenous methotrexate. Similarly, 
Schatz  et al.   [35]  found that children treated with intrathecal 
methotrexate showed similar working memory and processing 
speed as their demographically matched control group. 

  Precocious  p uberty 
 Precocious (early) puberty is a recognized presentation of optic, 
hypothalamic, and other  ‘ central ’  tumors but has also been 
detected after treatment for more laterally or inferiorly placed 
tumors  [11, 108] . Possible co - existent gonadotoxicity induced by 
chemotherapy  [109, 110]  or spinal irradiation  [14]  confounds the 
true prevalence. Gonadotrophin defi ciency arresting pubertal 
development is also possible  [14] , although more likely after high 
dose irradiation of pituitary or closely - located tumors  [72] . 

 Early puberty, directly related to the age at irradiation  [108] , 
occurs particularly in girls, whose hypothalamic gonadotrophin 
pulse generator is known to be more sensitive, but also in boys, 
and is more evident after lower (24 or 18   Gy), rather than higher, 
cranial irradiation doses. 
   •      This fi nding has become more evident since spinal irradiation 
was omitted from neuraxial prophylaxis  [108, 111] .  
   •      The increased prevalence of early puberty in females treated 
with 18   Gy rather than 24   Gy cranial irradiation  [111] , suggests 
that damage to higher puberty - inhibitory centers may occur after 
low cranial irradiation doses, whilst higher doses may ablate 
hypothalamic GnRH or pituitary gonadotrophin release; the 
absence of this phenomenon after lower (7.5 – 15   Gy) TBI doses is 
explained by its severe gonadotoxicity  [110] .  
   •      Cranially - irradiated female leukemia survivors are also at risk 
of obesity  [112] , raising the possibility that neuroregulatory 
changes in leptin secretion may contribute to the early puberty 
 [113] .     

  Hypothalmo -  p ituitary  a drenal  i ntegrity 
 After estimated hypothalamo - pituitary (HPA) irradiation doses 
up to 50 – 55   Gy given to treat laterally -  or inferiorly - placed brain 
tumors, symptomatic ACTH defi ciency has not been reported. 
Two – 13 years after HPA doses far in excess of 50   Gy to adults 
with nasopharyngeal tumors, an 18 – 35% dose - related prevalence 
of asymptomatic, subnormal cortisol response to metyrapone 
was reported. By contrast, pituitary responses to hypothalamic 
corticotropin - releasing factor were normal  [70] . 

 In a series of 20 cranially - irradiated childhood survivors of 
posterior fossa tumors, 10 years after estimated pituitary doses of 
40 – 45   Gy at our institution, all but two demonstrated adequate 
( > 500   nmol/l) cortisol responses to hypoglycaemia, despite per-
sistently suboptimal growth hormone responses  [88]  (Figure 
 22.2 (b)). The two exceptional patients were asymptomatic with 
normal responses to low dose ACTH stimulation; in one of them 
late onset 21 - hydroxylase defi ciency was diagnosed. This experi-
ence contrasts with the high (80%) prevalence of ACTH insuffi -
ciency observed in adults  [12] , suggesting earlier surgery -  or 
tumor - related contributions to the latter. The etiologies of 
hypothalamo - pituitary dysfunction after CNS - directed therapy 
are summarized in Box  22.5 . Twenty - four hour physiological 
secretion profi les in children with leukemia who had received 
18   Gy or 24   Gy cranial irradiation 3.5 – 10 years previously, showed 
no disruption in the amount or pattern of ACTH and cortisol 
secretion compared with normal controls  [114] .  
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  Quality of  l ife  s tudies 
  Health -  r elated  q uality of  l ife 
 As more children survive childhood cancer, the quality of the life 
saved has become an important area of research  [129, 130] . This 
is particularly relevant in clinical trials where the short -  and long -
 term morbidity associated with a treatment regimen and mortal-
ity risks need to be carefully balanced. Assessment of health - related 
quality of life (HRQoL) may also be useful in identifying patients 
at risk for adjustment problems  [131] , but is associated with a 
number of challenges (Box  22.7 ).    

  Measurement  i ssues 
 Despite the increasing number of publications relating to HRQoL, 
few studies clearly specify what it is that is being measured  [132] . 
The defi nition put forward by the World Health Organization 
(WHO) Quality of Life Group, encompasses a number of domains 
including physical, mental, and social wellbeing and states that 
HRQoL is  ‘ the state of complete physical, mental and social well-
being and not merely the absence of disease or infi rmity ’  and that 
furthermore, it is the  ‘ individual ’ s perception of their position in 
life, the context of culture and value systems in which they live 
and in relation to their goals, expectations, standards and con-
cerns ’   [133]  which determines their quality of life. 

 Whilst mortality and morbidity may be relatively easy to quan-
tify, measurement of the HRQoL in the child presents a number 
of challenges as detailed in a number of reviews in the area (e.g. 
 [130, 134] ). In summary: 
   •      The relatively high prevalence of cognitive impairment in the 
childhood cancer population, particularly in children with CNS 
tumors, raises questions regarding the reliability of child reports, 
and as a result there has been an over - reliance on proxy - ratings 
of HRQoL.  
   •      The presence of cognitive impairment and the sometimes poor 
health status of the child with cancer, has led many researchers 
to rely on proxy ratings. Inconsistent proxy - reports between self -
 report by children with cancer and their parents have been 
reported frequently in the literature  [4]  and the use of multi -
 source data collection has been suggested  [135] .  
   •      Although patient self - report is considered the standard for 
measuring perceived HRQoL, it is the parents ’  perception of their 
child ’ s HRQoL that may infl uence health care utilization  [136] .  

 However, other studies have shown poorer performance IQ 
scores following chemotherapy with intrathecal methotrexate 
 [121] . Modest declines in academic arithmetic  [122, 123] , verbal 
fl uency and visual - motor abilities  [123] , perceptual motor skills 
 [122] , poorer auditory memory and fi ne motor functioning have 
also been found relative to healthy controls  [120] . Specifi c infor-
mation processing defi cits have been shown, with slower speed 
of information processing especially in focused attention tasks 
and situations where large amounts of information are presented 
 [124] . 

  Variables  a ssociated with  o utcome 
 The infl uence of dose and demographic factors on outcome 
appears somewhat less severe in relation to chemotherapy than 
in CRT treatment regimens (see Box  22.6  for summary). Whereas 
younger age at treatment with CRT is seen as being predictive of 
poorer cognitive outcome, this is not thought to be the case in 
chemotherapeutic treatment. Studies have demonstrated: 
   •      Infants treated for ALL whose diagnosis was before the age of 
12 months showed no increased risk of neurodevelopmental 
sequelae  [125] .  
   •      The dose of intrathecal methotrexate for CNS prophylaxis for 
ALL was not found to relate to neuropsychological performance 
 [39] .  
   •      Gender is important in specifi c cognitive domains in that 
girls treated with chemotherapy only as CNS prophylactic 
therapy, performed more poorly than normative samples for 
non - verbal tasks, whereas boys did not show any differences 
 [126] .  
   •      In relation to actual drugs used, comparison between patients 
who received dexamethasone during the intensifi cation and 
maintenance phase of therapy and those who received prednisone 
as the corticosteriod component of therapy, showed that children 
treated with dexamethasone performed less well on cognitive 
testing  [127]  and are at increased risk of neurocognitive side 
effects  [128] .        

  Box 22.6    Risk factors for decreasing cognition in 
children with acute lymphocytic anaemia   [52]  . 

        •      Cranial irradiation  

   •      Young age at time of irradiation  

   •      Central nervous system relapse  

   •      Female gender  

   •      Methotrexate therapy  

  In combination with cranial irradiation therapy  

  Leptomenigeal disease  

  High dose with frequent administration    

   •      Time since irradiation     

  Box 22.7    Key challenges in  HRQ  o  L  research to date. 

        •      Presence of cognitive impairment in population  

   •      Over - reliance on proxy - ratings  

   •      Small sample sizes and heterogeneous samples  

   •      Variation in measurement tools used  

   •      Lack of disease specifi c measures  

   •      Applicability of measures to UK population     
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others have found no such association  [138] . Tumor pathology 
has been associated with differences in parent reports of physical 
and emotional functioning, but not child reports, in that parents 
of children with low grade glioma reported higher HRQoL  [138]  
and unsurprisingly, children with demonstrable disease have 
been shown to report poorer HRQoL than those without  [129] . 

 Whilst some research has reported that treatment received is 
not a predictor of HRQoL  [143] , others found that treatment 
received was consistently associated with overall HRQoL, with 
CRT being consistently associated to lower total HRQoL scores 
 [138]  and that specifi cally: 
   •      Craniospinal CRT is associated with lower HRQoL  [129] .  
   •      Insertion of shunts has been associated with lower reports of 
overall HRQoL and social functioning in parent and child reports, 
and with lower reports of physical and psychological functioning 
in child reports  [138] .  
   •      CRT before the age of 5 years old has also been associated with 
poorer HRQoL  [129] . However, two studies have suggested that 
age at treatment is not a predictor of overall HRQoL  [138, 143] , 
which is somewhat surprising given the established links between 
age at treatment and neurocognitive defi cits and further, the links 
between poorer cognition and overall HRQoL.    

 The physical and psychological HRQoL scores of children with 
brain tumors has been found to show a quadratic or inverted U 
shape, with those who are undergoing treatment reporting lower 
HRQoL followed by a sharp increase in those who have com-
pleted treatment less than 12 months previously and sharp 
declines in those for whom more than 12 months had elapsed 
since their treatment  [140] .  

  Health -  r elated  q uality of  l ife in  c hildren with  n on -  c entral 
 n ervous  s ystem  c ancer 
 HRQoL in children with non - CNS cancers is considerably more 
variable, and the most common approach to measurement has 
involved the use of measures developed to assess domains of 
physical or emotional functioning assumed to be related to 
quality of life  [144] . In many studies, no major differences have 
been found between the HRQoL of children with non - CNS 
cancer and healthy controls  [144] , indeed some research has indi-
cated that survivors reported better levels of vitality, stress, 
depression, discomfort, and sleeping dimensions than controls 
 [145] . However, in studies of children who had received treat-
ment for ALL it would seem that subsets of children do experi-
ence impaired HRQoL. 

 Feeny  et al .  [146]  reported that 25% of patients had defi cits in 
multiple domains of HRQoL and 30% had defi cits in the domain 
of emotion. Similarly, Meeske  et al .  [140]  reported that 37% of 
children with ALL had scores more than one standard deviation 
below the mean overall QoL score reported for healthy children. 
The research into predictors of poor HRQoL in non - CNS cancers 
is less extensive than for children with CNS cancers. However, 
with regards to treatment received, Moe  et al.   [147]  followed up 
a matched control group of children treated with methotrexate 
rather than CRT as CNS prophylaxis. No difference was found 

   •      Reviews which have examined the agreement between self -  and 
proxy report in children with cancer, overall suggest that there is 
a consistent bias for parent - proxies to underestimate the negative 
impact of the disease and treatment for the children  [137] .  
   •      As a result parent - proxy reports are more valid for child-
ren who are younger than 12 years of age but less so for 
adolescents.  
   •      In studies of children with CNS tumors, parent and child 
reports have shown reasonable agreement  [138]  and agreement 
between children and teachers, and parents and teachers on the 
domains of cognition, pain, self esteem, and hearing were good. 
Discrepancies have been noted between children and parents on 
reports of confi dence for the future and self esteem  [139] .    

 In addition, the small sample sizes of many studies, and hetero-
geneous samples employed in other studies raises questions over 
the generalizability of study fi ndings within and between groups. 
The variation in measurement instruments employed has made 
comparison between studies diffi cult, and the lack of disease -
 specifi c measures makes identifi cation of specifi c areas of burden 
for individual patient groups diffi cult. Finally, the cultural appro-
priateness of measures developed outside of the UK may be ques-
tionable for use within the UK, without specifi c research into the 
applicability of the measure to the UK population. 

 Much research has focused on the differences in reported 
HRQoL between children with cancer and healthy controls, and 
between children with cancers involving the CNS and those 
which do not. Overall, it would seem that: 
   •      A considerable proportion of children who have experienced 
cancer in childhood report HRQoL scores at least one standard 
deviation below reported norms for healthy children  [140] .  
   •      Children whose cancer involves the CNS typically report poorer 
HRQoL than children with non - CNS cancers  [140] .     

  Health -  r elated  q uality of  l ife in  c hildren with  c entral 
 n ervous  s ystem  t umors 
 Research into HRQoL in children with CNS tumors has indicated 
that 66% of children show dysfunction on some level of QoL, 
 [129]  with the greatest burden of morbidity being associated 
with cognition  [129, 141]  and emotion, with each affecting more 
than 50% of children with CNS tumors  [141] . Pain  [141]  and 
fatigue  [140]  are surprisingly prevalent, and fatigue is inversely 
related to overall HRQoL in children with CNS and non - CNS 
cancers  [140] . Assessment of HRQoL using multi - attribute meas-
ures, such as the Health Utilities Index  [142] , has indicated 
the complex nature of the morbidity burden experienced by 
survivors of CNS tumors through the large number of unique 
health states reported  [141] .  

  Predictors of  h ealth -  r elated  q uality of  l ife in  c hildren with 
 c entral  n ervous  s ystem  t umors 
 The relationship between tumor location and HRQoL remains 
equivocal. Some research has suggested that supratentorial 
tumors may be associated with poorer HRQoL  [143] , whereas 
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   •      Children treated with CRT were more likely to attend learning 
diffi culty or special educational need provisions within the edu-
cational setting, to have failed a grade or experienced other aca-
demic diffi culties compared with those whose treatment excluded 
CRT or intrathecal methotrexate.  
   •      In the Barrera  et al.   [148]  study, age at diagnosis, age at evalu-
ation and gender were not related to survivor ’ s educational 
diffi culties.    

 In the same study, parental reports of social and emotional 
competence indicated that survivors of childhood cancer were 
more likely than controls to have no close friends, with parents 
of survivors of CNS tumors, leukemia and neuroblastoma report-
ing highest odds ratios. Factors associated with lower likelihood 
of social and educational diffi culties included higher rated self -
 esteem and parental educational achievement.  

  Outcomes in  a dulthood 
 Only a small number of studies have evaluated the long - term 
outcome of survivors of childhood cancer with respect to social 
and emotional factors in adulthood. These studies found that 
although many survivors function well and lead comparable lives 
to people who have not experienced cancer in childhood, a 
number of important differences repeatedly emerge. 

 Given the reported risk of adverse cognitive outcomes in chil-
dren treated for cancer, it is perhaps not surprising that a propor-
tion of cancer survivors report poorer educational outcomes 
relative to their peers. Individuals, particularly females  [149] ,who 
have received cancer diagnoses were signifi cantly less likely to 
have completed secondary education beyond high school or 11th 
grade  [149, 150] , with survivors of CNS tumors achieving a lower 
educational level than leukemia survivors, and radiotherapy 
being the strongest independent prognostic factor of educational 
achievement  [149] . 

 The employment outcomes of survivors show a similar pattern, 
with survivors being less likely to be employed than controls 
 [149]  and more likely to be unemployed  [151, 152] , or to have 
never been employed at all  [153] . When cancer types are consid-
ered separately, whilst the employment rates of survivors of blood 
cancers and bone cancers were found to be lower than controls, 
this result was not statistically signifi cant, whereas survivors of 
CNS tumors were found to be fi ve times more likely to be unem-
ployed  [152] . Factors associated with higher rates of unemploy-
ment in cancer survivors include: 
   •      Female gender  [153 – 155] .  
   •      CRT  [153, 156] .  
   •      Lower IQ.  
   •      Motor impairment and epilepsy  [157] .  
   •      Tumor location was signifi cant in survivors of CNS tumors 
(supratentorial vs infratentorial tumors)  [153] .    

 When examining long - term outcomes associated with living 
situations and interpersonal relationships, survivors were more 
likely than controls to have impaired close relationships  [158] , 
consistently less likely to be married or living as married than 
controls  [149, 150, 153] , less likely to have children  [149, 150] , 

between survivors and controls in physical, mental health, or 
HRQoL.   

  Long -  t erm  o utcome 
 As noted earlier, with improved survival rates came the need to 
investigate the educational, social, and economic outcome of 
childhood cancer survivors both in childhood and adolescence 
(Box  22.8 ) and further into adulthood (Box  22.9 ).     

  Outcome in  c hildhood/ a dolescence 
 Barrera  et al.   [148]  conducted a large - scale multi - center retro-
spective study of 800 survivors of childhood cancers who were 
aged 17 years or younger at assessment. This study investigated 
the educational and social outcomes of survivors compared with 
control participants. 
   •      Survivors were more likely to receive special educational pro-
grams or to have failed or repeated a grade.  
   •      Survivors were more likely to obtain below average or failing 
grades in all curriculum subjects, with the greatest differences 
observed in mathematics followed by English and science.  
   •      Parents of children with CNS tumors and ALL reported poorer 
outcomes than parents of survivors of other childhood cancer 
types, with survivors of CNS tumors most likely to have reported 
diffi culties in maths and English.  

  Box 22.8    Long - term outcomes  –  childhood and 
adolescence. 

        •      Require special educational needs programs  

   •      Experienced grade retention or repetition  

   •      Experience diffi culties in maths, English and science  

   •      Less likely to have close friends  

   •      Those who received treatment including cranial irradiation 
therapy have greatest reported diffi culties  

   •      Acute lymphoblasic anemia and cranial irradiation therapy 
tumors associated with poorer outcomes than other cancers  

   •      Higher self - esteem and parental education are protective 
factors     

  Box 22.9    Long - term outcome  –  adulthood. 

        •      Lower likelihood of post - secondary education  

   •      Lower rates of employment and higher rates of 
unemployment  

   •      Impaired close relationships  

   •      Lower rates or marriage and cohabitation  

   •      Lower rates of parenthood     
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cranial irradiation  [162, 163]  or TBI  [164] . However, irradiation 
probably causes the long - term deceleration which is not so 
evident in the chemotherapy - only group  [163] . 

 Studies  in vitro   [165]  and  in vivo   [162]  have shown that chemo-
therapeutic agents suppress human osteoblast proliferation and 
enhance osteoclast activity. Glucocorticoids modify these actions 
 [166]  and have their own negative effects on growth and bone 
mineralization. The disease induces a low bone turnover and 
GH - resistant state aggravated by chemotherapy. Disease control, 
weight gain, and glucocorticoid withdrawal all increase bone and 
soft tissue turnover and growth velocity. This effect is reduced by 
methotrexate  [162] , whilst alkylating agents and anitimetabolites 
also cross the disrupted blood – brain barrier and perturb central 
GH secretion  [13] . 

 Not all patients with leukemia require growth - directed inves-
tigation or therapy. Nevertheless, despite temporary  ‘ catch - up ’ , 
90% of 115 children aged  < 12 years at irradiation (24   Gy) suffered 
mean adult height defi cits of one (5   cm) (67%) or two (10   cm) 
standard deviations (SD) (33%) from pre - treatment scores, with 
spinal irradiation aggravating the problem  [167] . In those treated 
before the age of 7 years, attenuated pubertal growth is evident 
 [163]  and accords with failure to augment pubertal GH secretion 
 [79, 93]  as described in the previous section. Asymmetric body 
proportions (longer legs) of adult survivors  [168]  pre - treated 
with cranial, but not spinal, irradiation is also suggestive of com-
promised pubertal spinal growth from undiagnosed pubertal GH 
insuffi ciency. Similar disproportion is evident in a cohort of brain 
tumor survivors, even those not given spinal irradiation  [11] , 
(Figure  22.4 ) stressing the importance of specialist endocrine 
input, both before and during puberty, before the  ‘ window of 
opportunity ’  for treatment is lost.    

and men were more likely to still be living with their parents 
 [149] . In survivors of CNS tumors, the odds ratios of not being 
married were higher for men than women, for those who had 
received CRT than those who had not, and for people who had 
diagnoses of supratentorial rather than infratentorial tumors, 
 [153]  with the overall risk of not being married being 4.5 times 
greater for survivors of CNS tumors than survivors of leukemia 
who did not receive CRT  [149] .    

  Late  e ffects of  n on  CNS  -  d irected  r adiotherapy 
and  c hemotherapy 

 A prospective evaluation of the late effects of childhood cancer 
therapy indicates that for 223 consecutive survivors of childhood 
cancer, 75% had at least one medical problem, and the organ 
systems most frequently affected were  [159] : 
   •      The nervous system in 39%.  
   •      The endocrine system in 32%.  
   •      The ears/eyes in 22%.  
   •      The kidneys in 17%.  
   •      The liver in 12%.    
 These late effects do infl uence physical performance and daily 
activities, especially for survivors of CNS tumors and cancers 
involving the bone  [160]  (Box  22.10 ).   

  Endocrine  l ate  e ffects 
  Growth 
  The  i nfl uence of  c hemotherapy on  g rowth:  l eukemia 
 Growth retardation during treatment for acute leukemia is par-
tially counteracted by  ‘ catch - up ’  after cessation of  ‘ maintenance ’  
chemotherapy. However, depending on the intensity of chemo-
therapy, signifi cant height loss can be detected in 40 – 70%  [127, 
161]  patients at 6 - year follow - up. Chemotherapy also aggravates 
the growth failure of children with brain tumors given cranios-
pinal irradiation  [71] , and defi cient short - term growth has also 
been described in children given only chemotherapy, without 

  Box 22.10    Late effects of non - central nervous 
system - directed treatment. 

        •      Endocrine dysfunction  

  Growth  

  Thyroid dysfunction  

  Fertility  

  Adrenal dysfunction    

   •      Impaired bone mineralization  

   •      Cardiotoxicity  

   •      Nephrotoxicity     
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     Figure 22.4     Adult height without endocrine therapy of 33 patients irradiated 
in childhood for brain tumors. All patients are short, but the greatest defi cit is 
seen in the spine, even in those not receiving spinal irradiation, although less 
severe, suggesting a subtle GH disturbance affecting pubertal (and hence) spinal 
growth.  (Redrawn from  [7] .)   
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and time - dependent and has been well documented after frac-
tionated doses to the neck in excess of 25   Gy  [177] . The suggestion 
that its incidence is greater in the youngest patients has not been 
confi rmed  [178] .   

  Hodgkin ’ s  d isease 
 In those under 16 years, the prevalence of hypothyroidism within 
2 years of 36 – 44   Gy mantle irradiation (1.5 – 2   Gy fractions) vary 
between 37% and 88%  [178, 179] , with 25 – 53%  ‘ compensated ’  
and 0 – 58%  ‘ overt ’ . The use of posterior spinal and laryngeal 
blocks at 30Gy and 20Gy, respectively, did not reduce the overall 
incidence of hypothyroidism (57%), though it was overt in fewer 
cases (5%) at a median follow - up of 65 months  [180] . 

  The  i nfl uence of  s pinal  i rradiation on  g rowth 
  Hodgkin ’ s  d isease 
 Spinal growth impairment and skeletal disproportion were fi rst 
described after 18 fractionated doses of 44   Gy to the midplane in 
both mantle and  ‘ inverted Y ’  fi elds  [169] . Estimated vertebral 
scatter ranged from 40 to 100% despite shielding. The height 
defi cit was worse in children irradiated under the age of 6 years 
or during puberty  [169] .  

  Brain  t umors 
 Craniospinal irradiation (27 – 35   Gy in 22 – 27 days) impairs spinal 
growth  [16, 170]  (Figure  22.4 ). The younger the child the greater 
the defi cit, which is estimated at 9   cm if irradiation is adminis-
tered at 1 year, 7   cm at 5 years and 5.5   cm at 10 years  [170] . Spinal 
growth is a major component of the pubertal growth spurt so the 
disproportionate defi cit, compounded by pubertal GH defi -
ciency, may only then become apparent, at a time when growth 
promotion is limited. Hyperfractionation may decrease the del-
eterious effects  [171]  if the overall treatment time is simultane-
ously accelerated.  

  Leukemia 
 Almost 50% of those receiving craniospinal irradiation (24   Gy) 
suffered height loss of  > 2 SD from pre - treatment values, as com-
pared with 32% of their peers receiving only cranial irradiation 
(24   Gy) and intrathecal methotrexate. Furthermore, no  ‘ catch -
 up ’  growth was observed in the craniospinal group, presumably 
due to the absence of a signifi cant spinal pubertal spurt  [167] . 
Chemotherapy and steroids are contributory  [162, 166, 167] .   

  Total  b ody  i rradiation 
 Both single (7.5 – 10   Gy) and fractionated (12 – 15.75   Gy) TBI regi-
mens cause progressive growth failure  [172 – 174] , 33% of patients 
being  > 2 SD below the mean at 5 years  [173] . 
   •      This is partly due to GH defi ciency, which increases with time 
and irradiation dose (42% and 87% of those transplanted in fi rst 
and second remission, respectively), and is not observed after 
chemotherapy alone  [172] , but is also due to growth plate and 
bony matrix damage  [169] .  
   •      Disruption of bone matrix integrity must account for the poor 
growth response to  r - h GH  [173] , the lack of correlation between 
GH secretion and height loss  [175]  or growth rate  [164] , and the 
accrual of further height defi cits despite  r - h GH therapy  [176] .  
   •      Other endocrinopathies, steroid and cytotoxic therapy  [165, 
166] , and graft versus host disease may also be involved. Patients 
should be warned that, at best, pre - treatment centile positions 
can only be maintained by  r - h GH therapy, and that at worst, 
additional pubertal and thus adult height defi cits are likely (Figure 
 22.5 ).         

  Thyroid  d ysfunction 
 Radiation damage to the thyroid gland causes hypothyroidism, 
usually compensated by increased TSH production, and thyroid 
tumors (see Box  22.11  for summary). Hypothyroidism is dose -  
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     Figure 22.5     Stature (expressed as height standard deviation scores [SDS]) of 
12 leukemic children at our center who were prepubertal at the time of total 
body irradiation (TBI), followed longitudinally to adult height from the time of 
growth hormone replacement (GH) for confi rmed GH defi ciency. The numbers of 
subjects are shown in parantheses. Note that institution of GH therapy initially 
only maintains the height position without  ‘ catch - up growth ’ , and subsequently 
fails to prevent an ongoing pubertal defi cit to adult height.  

  Box 22.11    Thyroid dysfunction. 

        •      After cranio - spinal irradiation +/ −  additively toxic 
chemotherapy, primary thyroid (and gonadal) dysfunction 
may co - exist with (and mask) thyrotropin - releasing hormone 
(or gonadotrophin - releasing hormone) hypothalamo - pituitary 
disturbance  

   •      The loss of the nocturnal thyrotropin surge and the possible 
 ‘ recovery ’  of compensated hypothyroidism after cranial 
irradiation, may indicate higher hypothalamic disturbance  

   •      Compensated primary hypothyroidism after cranial or 
craniospinal irradiation deserves treatment to suppress 
thyrotropin - releasing hormone because of the risk of 
malignancy in the irradiated thyroid gland  

   •      Thyroid swellings should be carefully assessed with scans, 
needle biopsy, and a low threshold for thyroidectomy     
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     Figure 22.6     Twenty - four - hour TSH pulsatility profi les in the same child with a 
posterior fossa brain tumor before, 6 months and 12 months after cranial 
irradiation. Note the gradual loss of the normal nocturnal TSH surge with time 
after irradiation within the normal TSH range.  (Redrawn from  [88] .)   

 Transient hyperthyroidism has been reported after adjuvant 
MOPP chemotherapy  [178]  treated without neck irradiation, and 
just one report documents primary thyroid dysfunction in 24 of 
54 adults with advanced Hodgkin ’ s disease who received chemo-
therapy but not radiotherapy  [181] .  

  Craniospinal and  t otal  b ody  i rradiation 
 Compensated or less commonly frank hypothyroidism, occ-
urred in 30 – 40% of children with brain tumors treated with 
cranio - spinal (30 – 35   Gy) irradiation but not chemotherapy, 
most within 4 years of treatment. 
   •      Chemotherapy increased this risk  [15, 182] .  
   •      A similar proportion developed hypothyroidism, compensated 
at fi rst and progressing to overt hypothyroidism 5 – 10years later, 
after TBI  [174] .  
   •      After 7.5 – 10   Gy single fraction TBI, 28% and 13% developed 
compensated and overt hypothyroidism respectively.  
   •      After 12 – 15.75   Gy fractionated TBI, these fi gures were 12% and 
3%, respectively, though the overtly hypothyroid group were fol-
lowed for only half the number of years  [174, 183] .  
   •      These fi gures have proved overestimates so far as the long - term 
is concerned, since recovery occurred in 33% at a median of 60 
months and no overt cases of hypothyroidism developed  [184] .    

 Elevations in TSH have been attributed to primary thyroid 
gland damage. Because of the carcinogenic potential of prolonged 
stimulation in the irradiated gland, annual thyroid palpation 
(with repeated ultrasound examinations, and needle biopsy and 
thyroidectomy as necessary), and thyroid function tests (with 
thyroxine replacement if TSH is persistently elevated), are often 
recommended. However, documented recovery after mantle 
 [178]  and spinal irradiation  [182]  and after TBI  [184] , raises the 
possibility that elevations in TSH may be evidence of hypotha-
lamic irradiation damage, disturbing the normal day - to - night 
TSH variation by obliterating the nocturnal TSH surge  [88]  
(Figure  22.6 ).   

 Whilst chemotherapy is apparently additive to the effects of 
irradiation  [15, 182] , the independent role of the drugs used is 
probably slight, since thyroid dysfunction was not observed in a 
large series of 105 children transplanted for thalassaemia, and in 
only one of 50 transplanted for aplastic anemia with  ‘ condition-
ing ’  chemotherapy, without TBI  [183] .   

  Fertility 
  Reproductive  c apacity 
 It is diffi cult to forecast the growth, pubertal progress, and 
ultimate reproductive potential of a prepubertal child receiving 
both cranial irradiation (with its potential effects on pituitary 
hormone secretion, both activating and depleting), and poten-
tially gonadotoxic therapy, since many sites on the hypotha-
lamo - pituitary target - gland axis may be affected simultaneously 
by multimodal therapies and/or disease. Sub - clinical target gland 
toxicity (such as might occur after lower or scattered irradiation 
doses to the gonad)  [14]  may carry important implications for 

future reproductive capacity, which may not be detectable for 
many years. Indeed the observation that early puberty is evident, 
despite gonadotoxic chemotherapy and scattered gonadal 
irradiation  [182] , suggests that disrupted hypothalamic control 
predominates over peripheral target gland toxicity, at least at 
these low estimated scattered irradiation doses to the ovary 
(approximately 4   Gy)  [110]  or testis ( < 2   Gy)  [109] . For such 
reasons, it is important to ascertain, if possible, longitudinal 
growth, puberty and hormonal data before treatment, and at 
intervals thereafter until growth and puberty are complete. They 
are ideally performed together with questionnaire - derived 
Quality of Life (QoL) outcomes. Despite the long follow - up 
required, fi nal height data and long - term reproductive outcome 
are important outcome measures impacting on QoL, which are 
being addressed in the newest UKCCSG and SIOP protocols for 
PNET tumors.  

  Factors  i nfl uencing  f ertility 
 All girls are born with a fi xed ovarian pool of oocytes which 
undergo progressive atresia from before birth until the 
menopause. 
   •      Given the larger residual ovarian pool in younger (as opposed 
to older) girls and the greater radiosensitivity of the testicular 
(sperm producing) Sertoli cells as compared with the (hormone 
secreting) Leydig cells  [185, 186] , it is likely that most children 
will experience a spontaneous puberty, often earlier than expected, 
despite scattered spinal irradiation and gonadotoxic chemother-
apy  [11] .  
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cortical (femoral neck) but not trabecular (lumbar spine) bone 
 [193]  recovered with disease remission. Prospective studies 
like these help delineate the multifactorial etiology of peak bone 
mass impairment and encourage appropriate intervention 
strategies.  

  Cardiotoxicity 
 The anthracycline class of chemotherapy agents has long been 
recognized as a cause of late cardiac insuffi ciency for children 
surviving childhood cancer  [194] . 

 The major concerns for the long term relate to abnormalities 
of left ventricular performance  [195] , and although the incidence 
of such fi ndings is low for children who receive a cumulative dose 
of 90 – 270   mg/m 2  of anthracycline, there may be no safe dose to 
avoid late cardiac toxicity  [195] . In particular, depressed cardiac 
function is found after many years of observation for the survi-
vors of childhood ALL who receive between 224 and 550   mg/m 2  
cumulative dose of anthracyclines. 

 The clinical signifi cance of anthracycline - related cardiac toxic-
ity is emphasized by the incidence of clinical heart failure, which 
shows: 
   •      A cumulative incidence of 2.8%.  
   •      A much higher relative risk of almost 12 was found for the 
population of patients who receive a cumulative anthracycline 
dose of greater than 300   mg/m 2   [196] , which means that 1 in 10 
who receive this cumulative dose of anthracycline will develop 
heart failure  [197] .    
 However, the actual impact of this fi nding remains to be 
evaluated, as peripartum worsening of heart failure has not been 
described as a clinically important phenomenon in a recent 
study  [198] .  

   •      However, this does not exclude the co - existent possibility of 
male subfertility or a premature menopause  [187]  at some time 
in the future, nor of bone demineralization due to sub - clinical 
sex steroid defi ciency.  
   •      In addition, there is evidence for dose - dependent recovery of 
sperm counts with time, after graded irradiation doses to the 
testis  [68] , and after gonadotoxic chemotherapy, the speed of 
recovery can be hormonally modulated  [188]  provided the doses 
are not ablative  [189] .    

 Therefore, in the youngest patients there may be a window for 
the application of assisted reproductive technology which has 
revolutionized male infertility. Early referral to an endocrine or 
reproductive center for both males and females is recommended 
for detailed counseling about future reproductive and sexual 
health.   

  Adrenal  d ysfunction 
 Clinical signs of cortisol defi ciency may be vague and the diag-
nosis missed by conventional tests such as insulin - induced 
hypoglycaemia  [190]  or standard (250    μ g) ACTH (synacthen) 
stimulation  [191] , which lack sensitivity due to their pharmaco-
logical nature. Low doses of ACTH (500   ng/1.73   m 2 ) have been 
proposed as a more physiological test of adrenal reserve  [191] . 
The 24% prevalence of subnormal adrenal responses to metyrap-
one after TBI  [174] , suggest that subclinical adrenal damage may 
develop as time passes.  

  Impaired  b one mineralization 
 Osteoporosis has been blamed on the adult GH defi ciency syn-
drome  [82] , but skeletal changes observed in cancer survivors 
may be also be attributable to other hormonal (sex steroid) defi -
ciencies (Box  22.12 ). Skeletal irradiation  [169] , corticosteroids 
and antineoplastic agents  [162, 165, 166]  may also impair min-
eralization directly or indirectly by inducing renal tubulopathies. 
Disease (e.g. leukemia), prolonged bed rest, and changes in 
Vitamin D metabolism may also infl uence bone mineral density. 
Concern that a lower peak bone mass in adolescence will cause 
osteoporosis later in adult life, is therefore valid. However, the 
interpretation of surrogate markers of bone mineral density 
(BMD), such as DEXA measurements at the lumbar spine, needs 
to be undertaken with care. Sex -  and age - standardized reference 
charts may be misleading in a population that is short because of 
GH defi ciency and spinal irradiation, and with pubertal matura-
tion delay.  [16]  In adults, other femoral and distal radial sites may 
be used but corrections should still be made for size  [16] . 
Volumetric densities, independent of bone size and measured 
with quantitative computed tomography, are the current  ‘ gold 
standard ’   [192] .   

 In children with newly diagnosed cancer  [193]  or leukemia 
 [162] , two longitudinal studies documented negative bone 
turnover at diagnosis, decreases in Vitamin D metabolites  [193]  
and GH resistance  [162] . The resulting impaired accrual of 

  Box 22.12    Assessment and prevention of bone 
demineralization. 

        •      Size correction factors for size are needed when assessing 
bone mineral density in the cancer survivor  

   •      Hormone and dietary replacement therapies should be 
optimized to aid peak bone mineral accretion, age -
 appropriate puberty, uterine enlargement, hair re - growth, and 
prevent obesity  

   •      Weight bearing, aerobic exercise and a healthy calcium -
 containing diet should be encouraged to prevent osteopenia, 
obesity and insulin resistance  

   •      Growth hormone replacement therapy should be considered 
in adult life for those with severe and multiple pituitary 
defi ciencies  

   •      The benefi t of growth hormone replacement in the adult with 
isolated growth hormone defi ciency is not proven     
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   •      Diffi culties may be misinterpreted as behavioural rather than 
cognitive in origin.  
   •      All of the above require an element of recognition of diffi culty 
from both the parent and teacher, which may not be forthcoming 
without specifi c information and advice.  
   •      Because of the specifi c nature of diffi culties and preservation of 
some skills, children may not be prioritized for assessment and 
support within their peer group in the context of a stretched and 
pressurized education system.    

 The effi cacy of psychological and neuropsychological inter-
vention in improving the medium and long - term outcomes of 
children who have received cancer diagnoses in childhood, is an 
emergent area of research. Some interesting pilot work is ongoing 
with children diagnosed with CNS tumors, and is awaiting 
evaluation  [203 – 205] . 

 Reduced HRQoL is also frequently reported by childhood 
cancer survivors following diagnosis, and in the medium and 
longer term following treatment. This is seen to be especially true 
if the cancer originated in the CNS or if only parental reports are 
considered. 

 It is hoped that as services for children with cancer continue 
to develop, long - term surveillance for late effects is included 
and is considered in the early stages following treatment. 
At present the funding for, and availability of, clinical psychology 
sessions to oncology services remain variable and frequently 
inadequate  [206] . The availability of specialist neuropsychologi-
cal assessment and intervention is even scarcer. In order for 
diffi culties to be identifi ed early, involvement of clinical and neu-
ropsychology services within the oncology MDT is essential, as 
recognized in recent National Institute for Clinical Excellence 
(NICE) guidance  [207] . 

 Assessment for all children at key transition points would 
appear vital in informing educational services regarding the needs 
of children diagnosed with cancer in childhood, and to advise on 
children who may need additional funding for school to meet 
their needs. Suggested transition points would include: 
   •      Approximately 12 months following treatment, especially if 
radiotherapy was included.  
   •      Prior to standardized examination and assessment points to 
inform application for special consideration in exams (SATS and 
GCSEs).  
   •      At transition between primary and secondary education.     

  Neuroendocrine  a ssessment 
 Cranial irradiation to the HPA usually results in dysfunction. Its 
incidence, time course, and severity as indicated by the number 
of affected anterior pituitary hormones, are dependent not only 
on the dose, fractionation, and time elapsed since irradiation, but 
also on the innate hierarchical sensitivity of each hormone and 
the site of any disease. 
   •      Irradiation is not the only culprit. Tumor position, surgery, and 
chemotherapy also contribute to late toxicity at all levels of the 
hypothalamo - pituitary - target gland axis.  

  Nephrotoxicity 
 Mild - to - moderate sub - clinical glomerular and tubular damage 
can be identifi ed in many childhood cancer survivors  [199] , and 
abnormalities of magnesium absorption from the kidney may 
have important long - term consequences for bony health and 
integrity  [200] . 

 In pediatric clinical oncology practice, therapy with cisplatin 
and ifosfamide is most related to nephrotoxicity in the long term. 
As with ototoxicity, the pharmacokinetic profi le of long - duration 
infusion is associated with less nephrotoxicity in terms of glomer-
ular and tubular function  [15] . Similarly, extensive study of ifos-
famide nephrotoxicity in children has identifi ed that although 
cumulative ifosfamide doses of  > 199   g/m 2  are associated with a 
very high risk of severe toxicity, a reduction of cumulative dose 
to  < 84   g/m 2  will reduce, but not abolish the risk of this complica-
tion  [201] . In the longer term, considerable nephrotoxicity with 
concomitant need for replacement therapies with magnesium, 
phosphate and potassium etc., can be present many years after 
completion of chemotherapy, and show little signs of recovery 
 [202] .   

  Conclusion and  s ummary 

  Neuropsychological  l ate  e ffects 
 The impact of cancer upon the child ’ s psychological and cogni-
tive development and outcome vary according to: 
   •      Type of cancer (CNS vs non - CNS)  
   •      Age at diagnosis and treatment (under 7 years vs older)  
   •      Treatment received (radiotherapy vs surgery only, chemother-
apy or combinations)  
   •      Post - operative complications and sequelae.    

 The main domains in which diffi culties have been identifi ed 
include: 
   •      Attention, concentration and working memory. This impacts 
upon global measures such as IQ.  
   •      Speed of information processing, which with the above may 
impair performance in a variety of academic areas.    

 For many children, social and educational impairments may 
only become fully apparent some years following treatment. The 
varied and complex needs of children following diagnosis and 
treatment for cancer do not easily fi t within the special educa-
tional needs support system. This requires a signifi cant level of 
global cognitive impairment (with abilities below the 1st centile 
in many cases) before a Statement of Special Educational Need is 
issued. Furthermore, a considerable amount of longitudinal data 
is also frequently required, detailing interventions put in place by 
the school from within their own resources to ameliorate the 
problem. This is problematic for a number of reasons: 
   •      Many children  ‘ mask ’  their failure to learn and acquire new skills 
at the same rate as their peers through use of pre - morbid skills.  
   •      Children may show defi cits in specifi c areas (e.g. attention) 
which are unlikely to be specifi cally assessed by non - specialist 
educational or clinical psychologists.  
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links are formed with adult services for appropriate transitional 
arrangements  [207] .   
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   Introduction 

 This chapter provides a comprehensive overview of the physical 
and emotional needs of children with incurable malignancy and 
their families. The principles of palliative care are discussed and 
correlated with the needs of the child and family from the point 
of diagnosis through to cure or end of life. We consider assess-
ment and management of the common physical symptoms and 
review changes as the child moves towards end of life including 
planning for end - of - life care, and ensuring optimum symptom 
management when the enteral route is no longer available. We 
also consider psychosocial support for the child and family with 
specifi c emphasis on end - of - life care (Box  23.1 ).     

  Epidemiology 
 Although approximately 75% of children with malignancy can 
now be cured, cancer remains the leading cause of death, after 
trauma, for children in resource - rich countries. An increasing 
proportion of these children are now dying during active disease -
 directed therapy  [2] . The impact of a child dying during active 
treatment is no less than when a child dies of progressive incur-
able disease  [3] . But discussions regarding withholding cardiop-
ulmonary resuscitation and hospice care are likely to be held 
earlier when a child dies of progressive disease than when death 
is related to a complication of treatment  [4] . 

 Reported duration of palliative care varies widely due to dif-
ferences in defi nition of the start of palliative care. The shortest 
duration of palliative care is generally reported in hematological 
malignancies and the longest with central nervous system (CNS) 
tumors  [5 – 9] . 

 Children with malignancy represent the single largest diagnos-
tic group of children receiving end - of - life care at home  [12, 13] . 
In areas with an active homecare program between 80% and 88% 
of children with progressive disease are reported as being cared 
for at home in the last month of life  [5, 11, 14, 15]  (Tables  23.1  
and  23.2 ).    

  Symptoms and  t heir  e ffect on  q uality of  l ife 
 Reported incidence of symptoms and suffering may be affected 
signifi cantly by the type and timing of questioning and the 
meaning that the child and family attach to the symptoms  [11] . 
Whilst cancer symptoms result in suffering by the children and 
families they are accepted as an integral part of overcoming 
cancer and complete symptom relief is never expected  [16] . 

  Symptoms in  d ifferent  t ypes of  m alignancy 
 Severity of pain and hence requirements for higher doses of anal-
gesia is seen in solid tumors, particularly when there is central or 
peripheral neuropathic pain  [8, 20, 21] . Neurological symptoms, 
particularly headache, are experienced by almost all children with 
primary CNS tumors  [5, 7] . Children with leukemia and lym-
phoma are more likely to have problems with bleeding than those 
with CNS tumors (Tables  23.3  and  23.4 ).      

  Principles of  p alliative  c are 

  When  d oes  p alliative  c are  s tart? 
 The scope of palliative care extends from the point of diagnosis 
 [22] . Even if cure is likely, the child and family have to adjust to 
an uncertain future and the loss of hopes and expectations for the 
child or young person ’ s life and health  [23] . 

 If death is likely or quality of life is poor, the balance between 
benefi ts and potential harm from ongoing treatment aimed at 
cure or prolongation of life will alter. Families may vary in how 
strongly they wish to pursue treatments aimed at cure or signifi -
cantly prolonging life. It is imperative that the family and child 
where possible are helped, through open and honest communica-
tion, to make a realistic and informed choice focusing on quality 
of life, the wishes of child themselves and those of the family  [24] . 

 At all times from diagnosis through to end of life, management 
of distressing symptoms particularly pain, is essential  [25] . 

  Introducing the  c oncept of  p alliative  c are 
 Clinicians cite unrealistic expectations of cure by parents (and 
patients) and family denial as the biggest single barrier to high 
quality end - of - life care  [26] , and where both professionals 
and parents recognize the child ’ s prognosis earlier, discussion of 
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  Box 23.1    What is palliative care for children?   [1]  . 

        •      Palliative care for children is the active total care of the child ’ s 
body, mind, and spirit and also involves giving support to the 
family  

   •      It begins when illness is diagnosed and continues regardless of 
whether or not a child receives treatment directed at the disease  

   •      Healthcare providers must evaluate and alleviate a child ’ s 
physical, psychological, and social distress  

   •      Effective palliative care requires a broad multidisciplinary 
approach that includes the family and makes use of available 
community resources; it can be successfully implemented 
even if resources are limited  

   •      It can be provided in tertiary care facilities, in community 
health centres, and even in children ’ s homes  

   •      Life - limiting illness is defi ned as a condition where premature 
death is usual.  

   •      Life - threatening illness is one where there is a high probability 
of premature death due to severe illness but there is a chance 
of long - term survival to adulthood and would include 
children receiving treatment for cancer     

  Table 23.1    Age and place of death for 0 – 24 year olds dying of cancer in the 
UK 1995 – 9    [10]   . 

   Place of death     Number of deaths (%)     Total  

   0 – 15 years     16 – 24 years  

  Home    901 (52.2)    448 (30.4)    1349  
  Hospice    54 (3.1)    139 (9.4)    193  
  Hospital    747 (43.3)    849 (57.7)    1596  
  Other    23 (1.3)    36 (2.4)    59  

  Table 23.2    Factors infl uencing setting for end - of - life care and place of death in 
children and young adults with cancer    [5, 9 – 12]   . 

   Hospital     Home     Hospice  

      •      Death during active 
treatment  *       

      •      Death following 
cessation of active 
treatment     

      •      Death following 
cessation of active 
treatment     

      •      Shorter interval 
between cessation of 
active treatment and 
death     

      •      Longer interval 
between cessation of 
active treatment and 
death     

      •      Longer interval 
between cessation 
of active treatment 
and death     

      •      No active home - care 
or hospice program     

      •      Active home - care 
program     

      •      Local age -
 appropriate 
hospice facilities  

   •      Hospice facilities 
that accept 
patients on 
chemotherapy     

      •      Leukemia or 
lymphoma  

   •      Bone marrow 
transplant patients     

      •      Solid tumor           •      Primary central 
nervous system 
tumor     

      •      Older age at time of 
death     

      •      Younger age at time of 
death     

      •      Older age at time 
of death     

      •      Lower social class of 
area or high 
childhood poverty     

        

      •      Late or absent 
realization and 
acceptance of end of 
life     

      •      Early realization and 
acceptance of end of 
life     

      •      Early realization 
and acceptance of 
end of life     

    *    Defi ned at treatment aimed at cure or prolonging life.   

  Table 23.3    Cumulative incidence of physical symptoms in children with malignancy receiving palliative care    [5, 7, 11, 16 – 19]   . 

   Rank     Incidence     %     Suffering       %  

     1    Weakness    91    Fatigue    80  
     2    Fatigue    88    Lack of mobility    76  
     3    Pain    88    Pain    69  
     4    Poor appetite    74    Poor appetite    61  
     5    Weight loss    67    Dyspnea    48  
     6    Lack of mobility    62    Problems with swallowing    44  
     7    Dyspnea    58    Problems with speech    34  
     8    Nausea and vomiting    56    Problems with micturition    32  
     9    Sadness/ depression    53    Paralysis    29  
  10    Constipation    52    Nausea and vomiting    23  
  11    Drowsiness    46    Constipation or diarrhea    20  
  12    Problems with speech    42          
  13    Headache    40          
  14    Excess respiratory tract secretions    40          
  15    Anemia    39          
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palliative care is easier  [4] . However, physicians ’  own death - 
anxiety is also a factor  [27] . Parents may construe palliative 
care negatively as an independent process at the end of 
their child ’ s lives rather than as a component of a wider 
and continuous process  [28] . Accordingly, an integrated 
care model is required  [29] , incorporating open and honest com-
munication throughout  [30]  and providing cancer directed, 
symptom directed, and supportive care throughout the child ’ s 
illness  [31] .   

  Role of  p alliative  c hemotherapy and  r adiotherapy 
 Some children and families may wish to explore the possibility of 
phase 1 or 2 trials in the hope of response to treatment, altruism, 
or symptom relief  [32] . However, children dying of treatment -
 related complications not infrequently have refractory or relapsed 
disease, usually die in hospital and have a poorer quality of life 
in the last month before death than those who die of progressive 
disease  [11, 15] . Palliative chemotherapy must not be an oppor-
tunity for collusion between professional and family, delaying 
access to essential symptom management, psychosocial and 
hospice  [33] , and a decision that families later regret  [15] .  

  Principles of  s ymptom  m anagement (Boxes  23.2 and 
23.3  and Figure  23.1 ) 
    1      Assessment  of problems and their impact on quality of life 
including self report from the child wherever possible, supported 
by information from parents and nursing staff. Specifi c ques-
tioning to identify the  ‘ most troublesome ’  symptom reveals 
additional information in up to one - third of cancer patients 
and assists in developing shared priorities for symptom manage-
ment  [34] .  

  Table 23.4    Treatment of symptoms and response to treatment    [5, 7, 11]   . 

   Rank     Most likely to 
be treated  

   %     Rank     Most likely 
to respond  

   %  

     1    Bleeding    91.7    1    Itch    83.3  
     2    Pain    90.8    2    Pain    58.4  
     3    Itch    85.7    3    Vomiting    36.5  
     4    Constipation    85.2    4    Nausea    36.3  
     5    Dyspnea    79.1    5    Constipation    36.1  
     6    Vomiting    77.0    6    Fatigue    24.9  
     7    Nausea    76.8    7    Dyspnea    18.7  
     8    Poor mobility    76.2    8    Weakness    18  
     9    Insomnia    75    9    Bleeding    16.7  
  10    Incontinence of 

urine/ feces  
  75    10    Poor appetite    14.9  

  11    Drowsiness    72.7    11    Problems with 
swallowing  

  13  

  12    Poor appetite    52.2    12    Diarrhea    12.0  
  13    Diarrhea    48.9    13    Weight loss    10  
  14    Fatigue    26.4    14    Insomnia    9.1  
              15    Poor mobility    7.7  

Anticipation

Assessment

Planning

Ethics

Review

     Figure 23.1     A model for assessment and decision making in palliative care.  

  Box 23.2    Specifi c issues in pediatric palliative care. 

        •      Small number of children  

   •      Spread over a large geographical area  

   •      Social, educational, and developmental needs of the child or 
young person  

   •      Few professionals have signifi cant experience in pediatric 
palliative care; many will never have looked after a dying child 
before  

   •      Most UK General Practitioners (family doctors) will only look 
after a child dying at home once or twice in their entire career  

   •      On average a nurse on a UK children ’ s ward will look after a 
dying child once every 3 – 5 years  

   •      Large fl uctuations in demand for services particularly for 
end - of - life care at home     

  2      Anticipation  of recurrence of previously treated symptom and 
problems or development of new problems: often these can be 
predicted from known pathology and previous symptoms.  
  3      Planning  for managing an increase in severity of current symp-
toms and occurrence of new problems.  
  4      Ethics:  to evaluate carefully the potential risks and benefi ts 
of any treatment proposed ensuring that the primary aim is 
achieving quality of life rather than prolonging life at all costs; 
the need to evaluate carefully the potential risks and benefi ts of 
any treatment option is paramount.  
  5      Review:  regularly and up to several times a day to evaluate 
the effects of symptom management, identify new problems 
and build the family ’ s trust and confi dence in supporting 
professionals.           

  Box 23.3    Priorities for effective symptom 
management. 

        •      Symptoms controlled to allow restful sleep  

   •      Symptoms controlled during daytime waking hours  

   •      Symptoms controlled on movement/during activity     
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 Visceral pain: 
   •      Characterized by deep aching sensations.  
   •      Commonly referred, poorly localized and associated with 
nausea.    
 Muscle spasm: 
   •      Spasmodic cramping pain.  
   •      Often associated with tenderness, stiffness, or limitation of 
movement.    
 Bony pain: 
   •      Well localized aching pain.  
   •      Generally corresponding to underlying bone.  
   •      Exacerbated by moving or weight bearing.     

  Neuropathic  p ain 
 Pain due to abnormal function of peripheral or central neurons. 
This may be due to compression, for example by tumor or 
damage to the nerve itself, for example following amputation. 
   •      Described as burning, stabbing, lancinating or tingling.  
   •      Maybe associated with:    

 Allodynia (exacerbation by light touch). 
 Abnormal sensation (pain in an area of altered or absent sensa-

tion is always neuropathic).   

  Timing 
  Acute pain : brief short - lived pain extending over hours to days. 
Other features: 
   •      Variable intensity.  
   •      May recur.  
   •      Acute concomitants: the child looks pale, clammy, distressed 
and  ‘ in pain ’ .    
  Persistent pain : is persistent over time and extending over days to 
weeks. Other features: 
   •      Variable intensity.  
   •      No autonomic concomitants.  
   •      Psychomotor inertia  [42] : the child appears withdrawn, listless 
and subdued.    
  Breakthrough pain  (Figure  23.2 ):   transitory exacerbation of 
pain, often lasting from seconds to minutes, three or four times 
a day and occurring on a background of otherwise stable chronic 
pain  [43] . 
   •      Incident pain: associated with specifi c precipitating factors.  
   •      End of dose pain: occurring at the end of the dosing interval 
due to decreasing analgesic levels.  
   •      Idiopathic: no clear precipitant.        

  Assessment 
 Pain is multidimensional, having physical psychological social 
and spiritual aspects. Thorough assessment and regular re - 
assessment is the key to effective pain management. 

  History (Table  23.5 ) 
     •      Talk to the child ’ s parents or carers but remember to question 
the child where possible.  
   •      Remember there may be multiple pains.  

  Teamwork and  c o -  o rdination of  c are 
 Caring for a dying child is stressful for the multidisciplinary 
team as well as the family. In the hospital setting professionals 
will have established signifi cant relationships with the child and 
family whereas in the primary care setting the family doctor 
may have had little contact with the child or family since diagno-
sis  [35] . Professionals frequently report feeling unskilled and 
unsupported when providing palliative care for children  [36]  
(Box  23.4 ).     

  Box 23.4    Effective team working in pediatric 
oncology palliative care   [37 – 41]  . 

        •      Ensure that each member of the team is aware of other 
professionals in the extended team and how to contact them  

   •      Clear but fl exible delineation of roles, responsibilities, and 
lines of accountability  

   •      Knowledge of and adherence to professional boundaries  

   •      Frequent reciprocal communication at all levels  

   •      Regular team meetings for refl ection, planning of care, and 
sharing of experiences  

   •      Clear team leadership  

   •      Meetings with doctors, nurses, and other professionals after 
the death  

   •      Identify an appropriate resource for specialist palliative care 
advice before a crisis is reached     

  Box 23.5    Defi nitions of pain. 

     ‘ Pain is whatever the patient says hurts ’  
  ‘ Pain is an unpleasant sensory and emotional experience asso-

ciated with actual or potential tissue damage or described in 
terms of such damage ’  (International Association for the Study of 
Pain)  

  Pain (Box  23.5 ) 

  Classifi cation of  p ain 
     •      Etiology and pathophysiology.  
   •      Timing (incident pain).  
   •      Psychological distress (and other factors that infl uence pain 
threshold).      

  Etiology and  p athophysiology 
  Nocioceptive  p ain 
 Nociceptive pain due to activation of sensory nerve endings by 
noxious stimuli. 
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   •      Identify the cause of the pain (if possible).  
   •      Additional information that will also assist in pain 
management:  

   •      Location of the pain and radiation  
   •      Timing of the pain  
   •      Nature of the pain, e.g. burning, aching, shooting. If necessary 
use a list of words and ask the patient to choose  
   •      Effect of analgesia, particularly strong opioids  
   •      Other factors predisposing, precipitating, or maintaining pain  
   •      Factors that may alter pain threshold, including other symp-
toms, psychological, cultural, and social factors (Table  23.5 )  
   •      Coping style  
   •      Severity of the pain, using a validated pain rating scale wher-
ever possible, and the effect of pain on quality of life         

  Examination 
     •      Careful observation can reveal a lot about a child ’ s pain: a child 
may be playing, active, or asleep and still be in pain.  
   •      Look, feel, move.  
   •      Signs of pathology.  
   •      Sensory changes.  
   •      Atrophy or muscle wasting.     

DefaecationMovement

Background pain

Episodes of  
breakthrough painLevel of analgesia 

     Figure 23.2     Classifi cation of breakthrough pain.  

  Table 23.5    Factors that infl uence pain threshold. 

   Decreased pain threshold     Increased pain threshold  

  Discomfort    Relief of other symptoms  
  Insomnia    Sleep  
  Fatigue    Sympathy  
  Anxiety    Understanding  
  Fear    Companionship  
  Anger    Relaxation  
  Sadness    Creative activity  
  Boredom    Reduction in anxiety  
  Social isolation    Happiness  

  Table 23.6    Specifi c aspects of paediatric pain. 

   Child     Parent     Nurse  

  Can locate their pain 
and use self report 
tools from 3 years  

  Ratings correspond 
more closely to 
patient ratings  

  Consistently underestimate 
pain compared with 
patient or parent  

  Under - report pain if 
previous negative 
consequences  

  Under - report their 
child ’ s pain if they 
are stressed or have 
not seen their child 
in severe pain before  

  Document less than 50% of 
the pain their patients 
describe  

  Evidence of pain 
experience from 
neonate onwards: 
pain tolerance 
increases with age  

  May identify non - verbal 
clues to pain in their 
child: best source of 
information on pain 
in their child  

  Perception of a child ’ s pain 
is related to professional 
background, personal 
pain experience and 
physical pathology  

  Response to  a nalgesia 
     •      Opioid responsive pain:     somatic visceral pain, e.g. hepatic 
capsule pain.  
   •      Opioid semi - responsive pain:     relieved by a combination of 
opioid and co - analgesic, e.g. neuropathic pain, pain of raised 
intracranial pressure, bone pain, local infl ammation.  
   •      Opioid resistant pain:     little or no analgesic effect despite opioids 
in appropriate doses, e.g. muscle spasm, some neuropathic pain.       

  Pain rating scales 

 Pain rating scales provide quantitative information to evaluate 
the severity of pain and the response to treatment  [44]  but must 
be used in conjunction with a detailed pain history and 
examination. 

 Self report should be used wherever possible: 
   •      Pictorial rating scales in children over 4 or 5 years, e.g. The 
Oucher  [45]   
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priate analgesic from the next  ‘ step ’  should be substituted. 
Although it is usual to start with  ‘ step 1 ’  analgesics, severe cancer 
pain may sometimes require immediate use of a strong opioid.     

  Analgesics 
  Step 1:  
   •      Paracetamol: enteral, intravenous and rectal preparations.  
   •      Non steroidal anti - infl amatory drugs: wide range of drugs with 
varying potency and routes of administration.  

   •      Numerical rating scales, a visual analogue scale, or a colour 
rating scale in older children    
 When self report is not possible the DEGR  [42]  has been designed 
and specifi cally validated for use in children aged 2 – 6 years with 
persistent cancer pain.     

  Pain  m anagement (Box  23.6 ) 
 As pain is a complex multidimensional entity a combination of 
pharmacological and non - pharmacological approaches are 
required for optimum pain management.   

  Pharmacological  m anagement of  p ain (Box  23.7 ) 
 The WHO analgesic ladder provides useful guidance on the selec-
tion of analgesics according to effi cacy and severity of pain  [46]  
(Figure  23.3 ). If the pain is not adequately controlled, an appro-

  Box 23.6    Six steps to effective pain management in 
palliative care. 

       1     Take a detailed pain history and undertake appropriate 
physical examination  

  2     Identify specifi c problems in the assessment of pain in 
children  

  3     Classify the cause of pain according to the mechanism, 
timing, and psychological factors  

  4     Implement appropriate management strategy for pain 
including treating the pain itself and where possible the 
underlying cause  

  5     Assess the response to pain management at regular 
intervals  

  6     Anticipate and plan for future changes over time     

Non opioids: 
paracetamol 
NSAIDs 
± adjuvants 

Weak opioids: 
codeine
dihydrocodeine 
±adjuvants 

Strong opioids: 
morphine
diamorphine
± adjuvants 

Step 1

Step 3

Alternative strong 
opioids and/or 
alternative routes 
± adjuvants 

World Health Organization analgesic ladder 

Step 2 

     Figure 23.3     World Health Organization analgesic 
ladder.  

  Box 23.7    Principles of prescription and 
administration of analgesia in palliative care. 

       1     By the WHO analgesic ladder (Figure  23.3 )  

   •      Appropriate use of co - analgesia    

  2     By the clock 

    •      Regular analgesia preferably using a sustained - release 
preparation to facilitate once or twice daily dosing  

   •      As required immediate release analgesia available for 
breakthrough pain    

  3     By the most appropriate route 

    •      The most simple, effective, and least painful route  

   •      Consider rectal, transdermal, or subcutaneous routes if 
the enteral route is unavailable or unreliable    

  4     By the child 

    •      Doses individualized according to the child ’ s symptoms 
and pathology  

   •      Re - assessed regularly  

   •      There is no ceiling dose for strong opioids in palliative 
care       
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   •       Nausea and vomiting  are less common than in adults and 
routine anti - emetics are not commonly required.  
   •       Drowsiness and mental clouding  can occur at the start of treat-
ment and sometimes following a dose increase. This almost 
always resolves within a few days.  
   •       Itching  is fairly common, particularly in older children  [53] . 
This is a central phenomenon and antihistamines are not effec-
tive. Simple emollients or a 5 - HT3 antagonist such as ondan-
estron may be indicated  [56] .  
   •       Respiratory depression  is very uncommon in the conscious 
patient with severe pain and an appropriate dose and rate of 
increase of strong opioid  [57] .  
   •       Nightmares and hallucinations.   
   •       Urinary retention  may be a problem particularly after rapid 
dose escalation. Bethanecol or a peripherally acting opioid recep-
tor antagonist  [58]  may avoid the need for catheterization.  
   •       Psychological addiction and tolerance  are not a problem when 
opioids are used correctly in palliative care.  
   •       Myoclonus  is an occasional problem particularly with high 
doses or rapid dose escalation. If dose reduction is not effective 
or possible, introduction of a low dose benzodiazepine may be 
effective  [59] .     

  Opioid  r otation (Box  23.8 ) 
 If pain cannot be controlled by morphine and appropriate co -
 analgesics without unacceptable toxicity it may be necessary to 
consider rotation to an alternative opioid  [60]  (Table  23.7 ). 
Opioid rotation is a widely practiced method of reducing opioid 
side effects, increasing effi cacy, and reducing the effects of long -
 term administration of opioids and is thought to be effective 
because of incomplete cross - tolerance. It is unclear whether 
the improved outcome following opioid rotation is a true drug 
effect, or merely improved tolerability as a result of dose 
reduction  [61] .      

  Alternative  o pioids for  b reakthrough  p ain 
 Immediate - release morphine is the standard for breakthrough 
pain, the onset of action is 20 – 30 minutes, and the peak not 
reached until 1 hour. For some episodes of breakthrough pain, 
the severity of pain will have signifi cantly subsided before peak 

   •      Cox - 2 inhibitors: can be used in thrombocytopenia due to lack 
of anti - platelet effects.    
  Step 2:  
   •      Constipation is inevitable with regular weak opioids: a prophy-
lactic stimulant laxative is required.  
   •      Dihydrocodeine: enteral, immediate release, and sustained 
release preparations; injection for subcutaneous administration.  
   •      Ceiling effect with codeine and dihydrocodeine: additional 
analgesia is not achieved by increasing the dose above the normal 
maximum  
   •      Ten percent of Caucasians are poor metabolizers of codeine 
with corresponding lack of effi cacy  [47] .    
  Step 3  –  strong opioids:  
   •      Frequently required alone or in combination with non - 
opioid analgesics and adjuvant drugs to provide effective pain 
relief  [48] .  
   •      No analgesic ceiling effect.  
   •      No absolute maximum dose.  
   •      Six to 10% of children will require very large doses of strong 
opioids to obtain good analgesia  [8, 20, 21] .  
   •      No evidence to suggest that starting or increasing doses of 
opioids or very high doses of opioids hastens death  [49]  despite 
theoretical concerns.    

  Morphine 
 Strong opioid of choice for pediatric palliative care due to: 
   •      Extensive experience of this drug  [50] .  
   •      Range of available preparations including oral immediate and 
sustained relief, rectal preparations and injection for intravenous 
or subcutaneous use.  
   •      Availability of pharmacokinetic data: young children ( < 2 years) 
eliminate morphine metabolites more slowly but children 
between 2 and 9 years may eliminate morphine more rapidly than 
adults  [51] .    
 Starting a regular sustained - release preparation and titrating with 
immediate - release morphine at one - sixth of the total daily dose 
of sustained - release preparation may achieve pain control more 
quickly than titrating with immediate - release preparation alone 
 [52] . Use of a sustained - release strong opioid preparation reduces 
fl uctuation in drug levels, reduces the number of doses, improves 
concordance and minimizes the need for night - time dosing  [53] . 
Immediate - release morphine should be available as required for 
breakthrough pain. 

 If breakthrough analgesia is required on average more than 
twice in a 24 - hour period the background sustained release opioid 
dose and the immediate release opioid dose should be increased 
in an increment of 30 – 50% of the previous total daily dose.  

  Opioid  s ide  e ffects   [54]   
     •       Constipation  is inevitable and prophylactic stimulant laxatives 
should always be prescribed. Peripherally acting opioid receptor 
antagonists may provide a specifi c antidote to opioid - induced 
constipation  [55] .  

  Box 23.8    Indications for opioid rotation. 

        •      Intolerable side effects not responsive to dose reduction or 
treatment of side effect  

   •      Dose - limiting side effects  

   •      Dose escalation or NMDA wind - up pain  

   •      Loss or reduced reliability of the enteral route may also 
necessitate rotating to an alternative opioid as well as an 
alternative route     
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series of low dose ketamine in children and young adults with 
cancer  [78] , but there is currently insuffi cient randomized con-
trolled trial evidence to confi rm these fi ndings  [79] .  

  Bone  p ain 
     •      NSAIDs have theoretical advantage in bone pain due to 
their peripheral anti - infl ammatory effect. Effi cacy in reducing 
pain and opioid doses has been demonstrated, although 
not specifi cally in patients with bony metastases  [70]  or in 
children.  
   •      Bisphosphonates such as pamidronate and zoledronic acid 
are effective in reducing pain and risk of fractures from bone 
metastases in adults  [80] , but may be less effective than radio-
therapy  [81] .  
   •      Radiotherapy is effective in palliation of pain due to isolated 
bony metastases  [82, 83] .       

  Non -  p harmacological  a pproaches to  p ain  m anagement 
 Psychological factors can exacerbate physical symptoms and 
reduce effectiveness of coping mechanisms with an adverse effect 
on quality of life. Non - drug therapies should be an integral part 
of the management of children ’ s pain, complementing, but not 
replacing appropriate drug therapy.    

  Gastrointestinal  s ymptoms 

  Nausea and  v omiting (Table  23.8 ) 
  Pathophysiology 
 Two separate areas in the brain, the chemoreceptor trigger zone 
(CTZ) and the vomiting center are responsible for vomiting and 
associated symptoms  [84] .    

analgesic effect, resulting in excess sedation and poor analgesia. 
Alternative opioids with a more rapid onset of action include 
fentanyl administered via the oral transmucosal or sublingual 
routes  [66] , intranasal diamorphine  [67] , and sublingual mor-
phine  [68] .   

  Co -  a nalgesics and  a djuvant  a pproaches 
  Neuropathic  p ain 
 Neuropathic pain is commonly only partially responsive to 
opioid analgesia  [69]  and a combination of an opioid, a non -
 opioid analgesic such as a non - steroidal anti - infl ammatory drug 
(NSAID)  [70] , and additional co - analgesics are required for 
optimum pain management  [71] . 
   •      NSAIDs have demonstrable effi cacy in reducing pain and 
opioid doses, although not specifi cally in patients with neuro-
pathic pain  [70]  or in children.  
   •      Tricyclic antidepressants such as amitryptiline have demonstra-
ble analgesic and opioid sparing effects in neuropathic pain  [72]  
including in children  [73, 74] . However, up to 20% of patients 
may experience signifi cant adverse effects.  
   •      Anticonvulsants, specifi cally gabapentin or carbamazepine, 
have demonstrable analgesic effects in neuropathic pain  [75]  
including in children  [76] .     

  Other  a djuvant  d rugs 
 Corticosteroids reduce the headache of raised intracranial 
pressure and neuropathic pain by reduction in peritumor 
edema  [77] . 

 Ketamine is an analgesic at sub - anesthetic doses and the most 
potent N - methyl D - asparate (NMDA) receptor channel antago-
nist available for clinical use. Opioid - sparing effects and overall 
improvement in pain control have been demonstrated in case 

  Table 23.7    Options for opioid rotation    [62 – 65]   . 

        Specifi c indications     Available routes     Approximate potency ratio     Notes  

  Alfentanil    Renal impairment    Continuous subcutaneous or 
intravenous infusion only  

  Potency approximately 
30    ×    that of morphine  

  Elimination not signifi cantly affected 
by renal failure. 

 Ultra short acting  
  Fentanyl    Renal impairment 

 Loss of the enteral route 
 Severe constipation with other 

opioids not responsive to 
appropriate laxative therapy  

  Transdermal patch 
 Intravenous infusion  

  25    μ g transdermal 
fentanyl   =   90   mg enteral 
morphine/24   h  

  Elimination not signifi cantly affected 
by renal failure. Transdermal patch 
not suitable for titration of unstable 
pain. Time to reach steady state 
may be longer in children and 
elimination half life shorter  

  Methadone    Pain only partially responsive to 
opioids particularly 
neuropathic pain. Intolerable 
adverse effects of morphine  

  Long half life (12 – 150 hours) 
 Risk of accumulation and toxicity  

  Potency ratio varies by up to 
50    ×    depending on dose of 
morphine or other opioid  

  Careful titration in a unit familiar with 
this drug is strongly recommended  
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  Table 23.8    Mechanism of action, etiology, and diagnostic features of nausea and vomiting    [84]   . 

   Mechanism of action     Etiology     Diagnostic features  

  Chemical trigger zone (CTZ) stimulation 
 D2, 5HT3 receptors  

  Chemicals: 
     •      Drugs (e.g. opioids, metronidazole)  
   •      Metabolites (hypercalcemia, uremia)  
   •      Toxins     

      •      Presence of one or more emetogenic 
drugs or biochemical disturbance  

   •      Frequent small volume vomits, nausea, 
and retching.  

   •      Little relief from nausea following 
vomiting     

  Vomiting centre (VC) stimulation 
 H1, AChm, 5HT2 receptors  

  Autonomic afferents: 
     •      Stretch receptors in serosae and viscera  
   •      Irritated GI mucosa: drugs, infection, RXT    
 Direct stimulation: 
     •      Head and neck radiotherapy  
   •      Brainstem metastases  
   •      Raised intracranial pressure     

      •      Presence of one or more etiological 
factors  

   •      Frequent small volume vomits, variable 
nausea, and retching.  

   •      Raised intracranial pressure also 
associated with vomiting particularly fi rst 
thing in the morning often with little 
associated nausea     

  Higher centre stimulation 
 5HT GABA receptors  

      •      Pain  
   •      Fear  
   •      Anxiety  
   •      Memory     

      •      Presence of one or more etiological 
factors  

   •      May include anticipatory nausea and 
vomiting or nausea and vomiting 
associated with a particular situation or 
occurrence     

  Mechanical causes 
 Gastric stasis 

 May not be mediated by VC (less nausea)  

      •      Reduced motility from drugs (amitriptyline, 
hyoscine, opioids)  

   •      Local tumor causing (partial) outfl ow 
obstruction     

      •      Infrequent large volume vomiting  
   •      Most frequently in the evenings  
   •      Signifi cant relief from nausea following 

vomit     
  Intrinsic GI mucosal damage 

 5HT3 receptors  
  GI infl ammation: 
   •      Palliative chemotherapy  
   •      Radiotherapy  
   •      Gastritis     

      •      Presence of one or more etiological 
factors  

   •      Frequent small volume vomits, nausea, 
and retching  

   •      Little relief from nausea following 
vomiting     

  Management (Tables  23.9  and  23.10 ) 
 Pharmacological management based on knowledge of the most 
important pathophysiological mechanisms for emetogenesis and 
the relevant neurotransmitters is suggested  [84 – 86]  but the evi-
dence to support this approach has been questioned  [87] . 
Evidence to support the use of anti - emetics in children is almost 
exclusively limited to post - operative nausea and vomiting, or 
nausea and vomiting associated with cancer chemotherapy.     

  Constipation 
 There is a wide range in normal bowel habit and constipation 
cannot simply be defi ned in terms of stool frequency. 

  Pathophysiology (Table  23.11 ) 
 Assessment involves identifying any potentially treatable underly-
ing cause(s) and baseline assessment of the child ’ s normal pattern 
of bowel action. There is insuffi cient evidence to support the 
preferential administration of one laxative above another in 

cancer palliative care  [90] ; a regime based on underlying patho-
physiological mechanisms is recommended.     

  Anorexia and  c achexia 
 Cancer cachexia is a complex syndrome characterized by 
progressive tissue nutritional depletion and decreased nutrient 
intake manifest as anorexia (loss of appetite) and profound 
weight loss. 

  Pathophysiology 
 The syndrome is a complex interaction between host and the 
tumor resulting in  [91, 92] : 
   •      Tumor production of catabolic mediator.  
   •      An aberrant infl ammatory response.  
   •      Alterations in the neuroendocrine axis: release of cortisol and 
catecholamines.  
   •      Weight loss arises equally from loss of muscle and fat (unlike 
starvation).  
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   Mechanism of action     Management  

  Chemical trigger zone (CTZ) 
stimulation 

 D2, 5HT3 receptors  

  Treat any reversible underlying cause; review medication 
 Haloperidol or droperidol 
     •      Blocks D2 receptors  
   •      Once daily, low dose required  
   •      Caution in movement disorders  
   •      Contraindicated with metoclopramide or levomepromazine    
 Levomepromazine 
     •      (2nd line  –  stop haloperidol)  
   •      Low dose     

  Vomiting centre (VC) stimulation 
 H1, AChm, 5HT2 receptors  

  Treat any reversible underlying cause; review medication 
 Cyclizine 
     •      Blocks H1 and AChm receptors  
   •      S/E site irritation if given subcutaneously, poor solubility, anticholinergic 

effects: drownsiness, constipation, dry mouth    
 Levomepromazine 
     •      (2nd line  –  stop cyclizine)  
   •      Low dose     

  Higher centre stimulation 
 5HT GABA receptors  

  Non - pharmacological interventions: 
   •      Communication: explore triggers and anxieties with patient and carers  
   •      Relaxation  
   •      Massage  
   •      Acupressure ( ‘ sea bands ’ )  
   •      Hypnosis  
   •      Behavioural therapy  
   •      Aromatherapy    
 Benzodiazepines 
     •      Lorazepam (sublingual)  
   •      Midazolam  
   •      S/E: Drowsiness     

  Mechanical causes 
 Gastric stasis 
 May not be mediated by VC (less 

nausea)  

  Treat any reversible underlying cause; review medication 
 Domperidone 
     •      Blocks D2 receptors    
 Metoclopramide 
     •      Blocks D2 and stimulates 5HT4 receptors    
 Erythromycin 
     •      Prokinetic  
   •      Dose lower than anti - infective dose  
   •      S/E nausea (stearate    >    maleate form)    
 Other 
     •      PPI or H2 antagonist  
   •      Small meals  
   •      Drainage, e.g. gastrostomy on free drainage  
   •      Minimize gastric irritation (antibiotics, chemo, NSAIDs)  
   •      Octreotide: reduces secretions, and therefore colic and nausea, 

in small bowel obstruction  [88]      
  Intrinsic GI mucosal damage 
 5HT3 receptors  

  Treat any reversible underlying cause; review medication 
 Ondansetron 
     •      Blocks 5 - HT3 receptors  
   •      Probably inhibits vagal afferents to VC  
   •      Trusted by carers during active treatment, less useful in other situations.  
   •      More effective combined with dexamethasone or haloperidol  
   •      S/E constipation     

  Table 23.9    Management of nausea and vomiting 
according to underlying pathophysiological 
mechanism(s)    [84, 87]   . 
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  Table 23.10    Second line management of nausea and vomiting. 

   Reason for poor effi cacy     Action  

  Insuffi cient drug delivery      
      •      Poor compliance           •      Ensure compliance through education, reinforcement or changing preparation or route     
      •      Dose not being absorbed  
   •      Dose too low     

      •      Consider increased dose or alternative route before changing antiemetic     

  Additional causes not previously identifi ed 
     •      Is this the most appropriate drug for the likely cause(s)?  
   •      Other receptors may be involved.     

  Consider broadening therapy or an alternative drug 

 Levomepromazine 
     •      Broad spectrum: mainly blocks 5 - HT2 and to some extent D2, H1, AChm  
   •      Anti - emetic effects at low doses  
   •      S/E: signifi cant sedation, hypotension, lower convulsive threshold    

 Dexamethasone  [89]  
     •      For N and V in brain tumors, liver infi ltration and possibly gastrointestinal obstruction  
   •      Consider pulsed therapy (3 – 5 days) whilst establishing alternative anti - emetic    
 Careful consideration needed of: 
   •      Duration of treatment  
   •      Cushingoid side effects  
   •      Patient and carer choices     

  Table 23.11    Pathophysiology and management of constipation in palliative care. 

   Mechanism     Features     Management  

  Reduced stool volume 
     •      Decreased enteral intake  
   •      Decreased fl uid content of stool  
   •      Decreased fi bre content of diet     

      •      Presence of one or more etiological factors  
   •      Small volume hard stool passed infrequently     

      •      Treat any reversible underlying cause; consider 
increased fl uids, dietary intake or dietary fi bre  

   •      Osmotic or bulk forming laxative  
   •      Lactulose  
   •      Glycols (movicol)     

  Decreased gastrointestinal mobility 
     •      Drugs: 

    �      Opioids  
   �      Anticholinegics (hyoscine, levomepromazine, 

cyclizine)  
   �      5 - HT3 antagonists  
   �      Partial or total obstruction  
   �      Reduced volume stool     

      •      Presence of one or more etiological factors  
   •      Soft or hard stool passed infrequently     

      •      Treat any reversible underlying cause  
   •      Peripheral opioid antagonists for opioid induced 

constipation  [55]   
   •      Stimulant laxative 
    •      Senna  
   •      Dantron  
   •      Rectal route  

   �      Glycerine suppository  
   �      Bisacodyl suppository  
   �      Micralax enema  
   �      Phosphate enema (caution risk of electrolyte 

disturbance if used frequently)     

   •      Increased lipolysis.  
   •      Increased catabolism of skeletal muscle.  
   •      Decrease in protein synthesis.  
   •      Overall decrease in energy expenditure due to decreased physi-
cal activity.     

  Assessment 
 A specifi c tool for assessment of anorexia - cachexia related quality 
of life  [93]  has been described. The effect of anorexia, cachexia, 
and weight loss may be particularly signifi cant for young adults 

with a strong sense of self image and also for parents whose 
instinct is to nurture and feed their child.  

  Management 
 Management of anorexia, cachexia, and weight loss is undertaken 
with the aim of improving quality of life, not empirical changes in 
weight or body mass index. Trials of nutritional interventions in 
adults with cancer cachexia have failed to demonstrate consistent 
benefi ts  [92] . Benefi ts of intensive nutritional thereapy in children 
with cancer during intensive chemotherapy may be due to anti -



Chapter 23 Palliative Care

403

  Opioids 
 Endogenous opioids appear to modify respiratory output in 
healthy adults possibly via action on the brainstem respiratory 
center. In a systematic review and meta - analysis enteral or sub-
cutaneous strong opioids, at 25 – 50% of the usual analgesic dose, 
have been shown to improve signifi cantly the sensation of 
dyspnea in adults with advanced disease  [100] . When adminis-
tered at appropriate doses opioids reduce the rate of breathing 
and sensation of dyspnea without measurable changes in oxygen 
saturation or  p CO2  [101] .  

  Benzodiazepines 
 Benzodiazepines may reduce the anxiety associated with dyspnea 
but randomized controlled trial evidence to support this approach 
is limited  [102] . Randomized controlled trials of supplemental 
oxygen in adults with cancer demonstrate improvement in 
dyspnea only when there is associated hypoxia  [103] .  

  Non -  p harmacological  a pproaches 
 Randomized controlled - trial evidence suggests that psychological 
approaches such as relaxation techniques may be helpful in 
reducing the severity of dyspnea, improving quality of life  [104] .     

  Neurological  s ymptoms 

  Fatigue ( a sthenia) 
  Pathophysiology 
 The pathophysiology of fatigue is not fully understood  [105] . The 
relative contribution of primary and secondary causes of fatigue 
is likely to fl uctuate throughout the disease trajectory (Box  23.10 ).   

 Pathophysiology of primary tumor related fatigue: peripheral 
energy depletion. 
  1     Dysregulation of central mechanisms:  

   •      Hypothalamic - pituitary - adrenal axis.  
   •      Serotonin metabolism.    

  2     High levels of pro - infl ammatory cytokines.     

  Assessment 
 Fatigue is a multidimensional construct with physical, cognitive 
and affective dimensions  [105] . Children appear to experience 
fatigue differently to adults and are more aware of the physical 
sensation of tiredness  [106] . Fatigue may be fundamentally dif-
ferent from other symptoms in that it may be an inevitable part 
of end of life itself  [105]  (Box  23.11 ).   

 Where self report is not possible proxy measures may be used. 
However, professionals tend to underestimate and families over-
estimate severity of fatigue and the impact on quality of life. 
Hockenberry  et al.   [107]  have demonstrated validity and reliabil-
ity of childhood fatigue scales for self and proxy reporting.  

  Management 
 Fatigue is under - reported and under - treated in adults  [105]  and 
children  [5, 11, 108] . 

 tumor effect and not necessarily applicable to palliative care. The 
anabolic steroid megestrol acetate has been demonstrated to have 
benefi cial effects on appetite and weight gain in adult palliative 
care but the effects on quality of life are less well established  [94]  
and adverse effects may preclude use in children  [95] .    

  Other  s ymptoms 

  Breathlessness 
  Pathophysiology 
 The sensation of breathlessness appears to arise from a complex 
interaction between abnormalities of respiratory function and 
perception of respiratory effort related to the activity of mech-
anoreceptors, chemoreceptors, and efferent activity from the res-
piratory center by direct ascending stimulation  [96] .  

  Assessment 
 Dyspnea is a complex multidimensional symptom. Effective 
management of dyspnea requires assessment of: 
   •      Severity of the dyspnea itself.  
   •      Precipitating and relieving factors.  
   •      Impact on quality of life.  
   •      Associated psychological impact.    
 Breathlessness is usually associated with the increased work of 
breathing but does not correlate with objective measures such as 
respiratory rate, oxygen saturation arterial blood gas measure-
ments  [97] , or spirometry  [98] .  

  Management of  b reathlessness 
 Effective management of breathlessness requires pharma cological 
symptom management as well as non - pharmacological app-
roaches to reduce associated anxiety and distress and the impact 
of breathlessness on quality of life  [99]  (Box  23.9 ).   

  Box 23.9    Management of breathlessness. 

     Non - pharmacological approaches  

   •      Reduce and manage anxiety  

   •      Relaxation and breathing techniques  

   •      Explanation and reassurance  

   •      Reduction in physical activity, e.g. wheelchair, stair - lift etc.  

   •      Increase sensation of moving air, e.g. fan    

  Pharmacological approaches  

   •       Pro re nata  (PRN) enteral strong opioids at 25 – 50% analgesic 
doses  

   •      Regular enteral strong opioids at 25 – 50% analgesic doses  

   •      PRN buccal or enteral benzodiazepines, e.g. buccal 
midazolam  

   •      Supplemental oxygen if hypoxemic     
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 The natural response to fatigue is to rest and this is often rein-
forced by healthcare professionals  [109] . However, strong evi-
dence from meta - analysis  [105, 110]  suggests that aerobic exercise 
will reduce fatigue in cancer survivors and patients receiving 
cancer treatment. The introduction of a sleep program, psycho-
therapy, and relaxation therapy may also improve quality of life 
and severity of fatigue  [105] . 

 The psychostimulants methyphenedate and modafi nil may 
reduce fatigue, but although there is randomized controlled - trial 
evidence to support routine use of these drugs in palliative care 
in adults, their use is still considered as controversial  [105] . There 
are no published reports of pharmacological treatment of cancer -
 related fatigue in children. 

 Treating secondary causes of fatigue may be considered but 
effi cacy may be limited at end of life and outcomes of treatment 
need to be carefully evaluated.     

  Communication and  p sychological  s ymptoms 

  Anxiety and  d epression 
 Symptoms of anxiety and low mood are frequently considered to 
be inevitable and justifi able consequences of incurable malig-
nancy and end of life  [111] . Consequently, pathological anxiety 
states and signifi cant depressive illness are frequently under - rec-
ognized and under - treated  [5, 112]  (Box  23.12 ).   

  Etiology and  p redisposing  f actors 
 Prevalence and expression of psychological distress related to 
anticipatory grief in palliative care will be infl uenced by the 
child ’ s developmental understanding of death. The child ’ s devel-
opmental understanding of death is also related to age, anxiety, 
cognitive ability, serration ability, and death experience  [117] .  

  Assessment (Table  23.12 ) 
 Recognition of anxiety and depression requires effective com-
munication with the child and family. Children older than 12 
years of age relate more directly to adults outside the family and 
are more likely to report psychological symptoms than those less 
than 7 years of age.   

 A number of depressive and anxiety disorders are associated 
with palliative care in children and young adults  [118] : 
   •      Major depressive disorder.  
   •      Dysthymia.  
   •      Generalized anxiety disorder.  
   •      Anxiety disorder due to a general medical condition.  
   •      Adjustment disorder with anxiety or depressed mood.    

 A number of measures have been designed for recognition of 
anxiety or depression in children but none have been specifi cally 
evaluated in pediatric palliative care.  

  Management of  a nxiety and  d epression 
 Both psychotherapeutic and pharmacological approaches have 
been advocated for the management of anxiety and depression in 

  Treatment of  p rimary  f atigue 
 Pharmacological and non - pharmacological approaches may be 
considered. However, in the fi nal stage of life, fatigue may provide 
protection and shielding from suffering, and treatment may be 
detrimental  [105] . 

  Box 23.10    Secondary causes of fatigue. 

    Hematological/ circulatory 

   •      Anemia  

   •      Cardiac failure    

 Infection 

   •      Fever    

 Metabolic 

   •      Dehydration  

   •      Electrolyte imbalance  

   •      Hypomagnesaemia, hypercalcaemia  

   •      Hepatic failure  

   •      Renal failure  

   •      Cachexia    

 Endocrine 

 Psychological 

   •      Depression  

   •      Sleep disturbance  

   •      Anxiety  

   •      Emotional distress    

 Sedative medication 

   •      Benzodiazepines  

   •      Strong opioids  

   •      Antidepressants  

   •      Anti - convulsants  

   •      Phenothiazines    

 Musculoskeletal 

   •      Local weakness  

   •      Myopathy     

  Box 23.11    Assessment of fatigue. 

        •      Physical, cognitive and affective dimensions  

   •      Severity  

   •      Impact of the symptom on quality of life  

   •      Sleep pattern  

   •      Medication  

   •      Identify any treatable underlying causes; consider laboratory 
investigations     
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children. However, evidence for the management of anxiety and 
depression in cancer and palliative care is largely limited to adults. 

  Talking  a bout  f acts and  f eelings 
 There have been no randomized controlled trials of psychosocial 
support, counselling or more formalized psychotherapy in 
anxiety or depression in palliative care in adults  [112]  or children 
 [118] . 

 During palliative and end - of - life care children and families 
need to manage anxiety related to great uncertainty and anticipa-
tory grief. Higher parental ratings of physician care are associated 
with physicians giving clear information about what to expect in 
the end - of - life period, communicating with care and sensitivity, 
and preparing the parent for circumstances around the child ’ s 
death  [24, 119] . 

 Children know much more than is often perceived and are very 
skilled at hearing unspoken feelings  [120] . More mature death 
understanding is associated with lower levels of death fear when 
age and general anxiety are controlled  [121] . However, it is 
unclear how directly these fi ndings can be translated to dying 
children. 

 Parents vary in their confi dence when sharing prognosis with 
their dying child. However, a higher proportion of parents regret 
not discussing end of life with their child if they sense that their 
child was aware of their impending death  [122] . Parents also 
value direct communiction between physician and child  [24]  and 
involvement of the child in decision making  [28]  during end - of -
 life care as long as parents consider the child old enough for such 
communication.  

  Box 23.12    Factors associated with increased 
psychological distress in children receiving palliative 
care   [113 – 116]   and their families. 

  Child 
     •      Inability to complete appropriate developmental tasks  

   •      Teenage or young adult rather than younger child  

   •      Female sex  

   •      Anxious and/or depressive personality type  

   •      Presence of associated family distress  

   •      Higher levels of anticipatory grief  

   •      Ineffective communication with family and professionals  

   •      Loss of interpersonal relationships  

   •      Loss of sense of identity and  ‘ self  ’     

 Symptoms 

   •      Poorly controlled especially:    

 Pain 

 Sleep disturbance 

 Appetite and weight loss 

   •      Poor quality of life and low performance status  

   •      Change in appearance  

   •      Loss of control over bodily functions    

 Disease - related 

   •      Higher levels of anxiety associated with disease relapse than at 
diagnosis  

   •      Intricate or protracted pre - diagnostic phase  

   •      Continued uncertainty about prognosis     

  Professionals 
     •      Poor team communication  

   •      Lack of coherent leadership  

   •      Different perspectives regarding aims of treatment or 
palliation  

   •      Poor communication between the healthcare team and the 
family     

  Family 
     •      Poor experience of pain and discomfort in their child; 

inability to tolerate the child ’ s discomfort  

   •      Religious or spiritual uncertainty  

   •      High risk for complicated grief  

   •      Lack of pro - active parenting and coping style  

   •      Role alteration and inability to use pro - active coping style, 
e.g. inpatient environment, intensive care  

   •      Siblings being cared for by substitute caregiver  

   •      Poor social circumstances including fi nancial diffi culties, lack of 
appropriate accommodation, and poor social support networks  

   •      Ineffective communication within the family  

   •      Family history of major psychiatric disorder particularly 
depression  

   •      Child abuse or neglect  

   •      Previous stressful life events  

   •      The effectiveness of complex communication channels within 
the family     

  Table 23.12    Differentiation of anticipatory grief from depression    [112]   . 

   Characteristics of grief     Characteristics of depression  

  Feelings, emotions, and behaviors 
relate to a specifi c actual or 
anticipated loss  

  Feelings, emotions, and behaviors 
fulfi l criteria for a major psychiatric 
disorder 

 Distress is usually generalized to all 
aspects of life  

  Affects almost all terminally ill adults 
(and probably children)  

  Affects up to 50% terminally ill adults 
(prevalence in children unknown 
but likely to be similar)  

  Somatic distress, loss of usual patterns 
of behaviour, agitation, sleep and 
appetite disturbances, decreased 
concentration, social withdrawal  

  Symptoms of hopelessness, 
helplessness, worthlessness, guilt 
and suicidal ideation in addition to 
symptoms of grief  

  Patients retain the capacity for 
pleasure  

  Patients enjoy nothing  

  Grief comes in waves    Depression is constant and 
unremitting  

  Patients express passive wishes for 
death to come quickly  

  Patients express intense and 
persistant suicidal ideation  

  Patients are able to look forward to 
the future  

  Patients have no sense of a positive 
future  
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the magnitude of this effect is likely to be moderate at 
best  [129] . 

 There is some evidence in adult palliative care that, in the 
short - term, psychostimulants can reduce the symptoms of 
depression in palliative care specifi cally when a rapid onset of 
action is required for short - term use  [130] . 

 Use of benzodiazepines in anxiety states in palliative care in 
children is based on expert opinion. There are no good quality 
studies on the role of benzodiazepines (or other drugs) in the 
treatment of anxiety associated with terminal illness to draw a 
conclusion about their effi cacy  [131] .    

  The  l ast  f ew  h ours and  d ays 

 The last few hours and days of life represent a period of rapid 
symptom escalation together with progressive deterioration in 
the child ’ s overall condition and frequently loss of the enteral 
route for symptom management. Considerations include the 
choice of setting for end - of - life care, a proactive response to 
escalating symptoms and loss of the oral route for medication 
 [132] , and management of new symptoms including pressure 
area problems, noisy breathing due to retained secretions (death 
rattle), terminal agitation, and delirium. 

  Recognition of  e nd of  l ife 
 Recognition of the last few hours and days of life, and diagnosing 
 ‘ dying ’ , can be diffi cult  [133] , but features suggestive of the last 
few hours and days of life in adults with cancer may be relevant 
(Box  23.13 ).   

  Discussing  r esuscitation and  a dvance  c are  p lanning 
 Ideally, the aims of treatment and advance care planning are 
discussed with the child and family throughout the child ’ s illness, 
with the focus of discussions changing as the aims of treatment 
change and cure becomes increasingly unlikely. Advance care 
planning, including documentation of a Do Not Attempt 
Resuscitation (DNAR) order, is likely to reduce parental and 
medical staff stress accompanying the death of a child, optimize 
management of the terminal phase of the disease, and improve 
family satisfaction with communication and end - of - life care 
 [134] . However, professionals, families, and children vary in their 
ability and willingness to take part in such advance discussions 

  Enhancing  p ositive  c oping  s tyles 
 Parents and siblings experience similar losses to the child but 
from a different perspective. Parents and siblings responses can 
affect the child directly and shape how the family is able to 
respond to and support the child. Better family coping and 
greater resilience is associated with  [123] : 
   •      Care of the child at home.  
   •      Keeping the disruption of everyday family life to a minimum.  
   •      Helping the child and family to maintain some sense of being 
in control.  
   •      Good social networks.  
   •      Strong family and interpersonal relationships.  
   •      Seeking social support in times of crisis.  
   •      Families that are able to communicate openly and honestly.     

  Psychotherapy 
 A number of different psychotherapeutic approaches are appro-
priate for anxiety and depression in palliative care. Due to the 
child ’ s deteriorating condition, protracted interventions or 
therapy to mediate longstanding dysfunction in families or indi-
viduals is unlikely to be appropriate or effective in palliative and 
end - of - life care. 

 Systematic review evidence suggests that psychotherapy using 
supportive, cognitive behavioural and problem solving approaches 
appears to be effective in the management of adults with depres-
sive symptoms  [124] . Meta - analysis of psychotherapy (cognitive 
and non - cognitive) in the management of depression in healthy 
children and adults  [125]  suggests a moderate benefi t. 

 Systematic review evidence suggests that cognitive behavioural 
therapy is effective in children with anxiety disorders  [126, 127] . 
However, these studies were not undertaken in children with 
cancer or children receiving palliative care.   

  Pharmacological  m anagement of  a nxiety and  d epression 
 Pharmacotherapy for anxiety and depression in children and 
young adults, outside the palliative care setting, is generally 
reserved for use in severe symptoms in combination with 
psychotherapy. However, in palliative care, use of pharmaco-
therapy may be appropriate where psychotherapeutic approaches 
are unavailable  [115] , or their use is limited due to the child ’ s 
deteriorating clinical condition reducing the ability of the child 
to participate. 

 Fluoxetine is the only selective serotonin re - uptake inhibitor 
for which there is consistent evidence from clinical trials that it 
is effective in reducing depression symptoms in both children and 
adolescents who are not medically ill. However, use of selective 
serotonin re - uptake inhibitors in children and adolescents with 
depression has been associated with an increased risk of suicidal 
ideation and behaviour  [128] . 

 Although not specifi c to palliative care, data from a good 
quality systematic review suggests tricyclic antidepressant agents 
are not useful in treating depression in pre - pubertal children. 
There is marginal evidence to support the use of tricyclic antide-
pressants in the treatment of depression in adolescents although 

  Box 23.13    Features strongly suggestive of the last 
few hours and days of life in adults with cancer. 

        •      Bed bound  

   •      No longer able to take tablets  

   •      Taking only sips of fl uid  

   •      Comatose or semi - comatose     
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with an increasing need for medication to control distressing 
symptoms (Box  23.14 ).   

 In all cases medication should be reviewed and consideration 
given to: 
   •      Simplifying the medication regime: discontinuing non - 
essential medications.  
   •      Optimizing the route of administration.    
 The choice of route for medication will depend on the the 
child ’ s requirement for symptom management, available routes, 
and preference of the child and family. Medication given for 
breakthrough symptoms such as pain or agitation must be avail-
able to be administered immediately, should symptoms arise 
(Table  23.13 ).   

 [135] . Involvement of children in discussions regarding end - of -
 life care including location of death and limitation of treatment 
has been reported  [9] .   

  Practical  c onsiderations  a round  c hoice of  p lace of  c are 
and  p lace  d eath 
 Where a choice is available, the majority of families will elect 
for end - of - life care at home  [5, 11, 14, 15] . There is considerable 
evidence to suggest that families of children who die at home 
have less diffi culty in adjusting and cope better in the medium 
to long term  [136] , but studies in adults have shown home death 
to be more stressful for families of the deceased  [137] . A more 
recent study  [3]  in children failed to show any signifi cant 
difference in short - term outcome between parents of children 
with malignancy dying an acute hospital death and those dying 
a palliative death, predominantly at home. However, a greater 
proportion of the siblings of the child dying an acute death 
reported problems compared with those of children who died a 
palliative death. 

 End - of - life care at home allows the child and family greater 
control over their environment with involvement of fewer pro
fessionals and increased opportunities for privacy and time 
together  [138] . 

 If the intention is for the child to be cared for at home during 
end of life, then anticipatory planning is essential. End - of - 
life care at home is likely to be diffi cult, if not impossible, 
without adequate support, but if this is available it is not usually 
necessary to move a child. If adequate professional support is not 
available families are more likely to report a diffi cult moment of 
death  [139] . 

 Occasionally, diffi culties with symptom control, psychological 
distress, or family wishes mean that the child is transferred to a 
pediatric hospice or hospital  [19] . This should not necessarily be 
seen as a failure but a choice ensuring the best care for the child 
and family. 

  Care in  h ospital and  i ntensive  c are 
 Much can be done to bring the  ‘ home from home ’  environment 
to the child and family in hospital. This may include attention to 
privacy, involvement in care and decision making  [114, 140] , 
stopping intrusive and inappropriate monitoring and keeping the 
family together, for example by the provision of family accom-
modation. However, it is often diffi cult for siblings to spend 
much time with their brother or sister in hospital  [141] . A 
number of studies have shown that families of children with 
cancer who die in hospital experience greater guilt, anxiety, 
depression, and interpersonal problems than those of children 
who die at home  [3] . End - of - life care in a children ’ s hospice is 
an alternative that may be available but is infrequently chosen for 
children dying of malignancy and their families   

  Loss of the  o ral  r oute 
 Loss of the oral (enteral) route may be relative or absolute and 
related to an overall deterioration in the child ’ s condition together 

  Box 23.14    Causes of loss of the oral (enteral) route 
in end of life care. 

        •      Child too unwell to take medication due to generalized 
debility or decreasing conscious level  

   •      Child too un - cooperative to take medication (including due 
to poorly controlled symptoms)  

   •      Excessive numbers or volume of medication  

   •      Nausea or vomiting  

   •      Poor absorption of medication due to obstruction or ileus     

  Table 23.13    Alternative routes for administration of medication. 

   Route     Examples  

  Buccal or sublingual    Diamorphine [F. Craig, personal 
communication] 

 Fentanyl  [66]  
 Morphine  [68]  
 Midazolam  [142]  
 Lorazepam  

  Gastrostomy    All liquid preparations 
 Most tablets (other than sustained release 

preparations) can also be crushed and 
administered down a gastrostomy  

  Transdermal    Fentanyl  *   
 Hyoscine hydrobromide  

  Subcutaneous (or intravenous if 
long -  term central venous access)  

  Antiemetics: haloperidol, 
levomepromazine, cyclizine 

 Opioid analgesics: morphine, 
diamorphine, fentanyl, alfentanyl, 
hydromorphone 

 Antisecretory agents: hyoscine 
hydrobromide, hyoscine butylbromide, 
glycorronium bromide 

 Benzodiazepines: Midazolam, clonazepam  

    *    Not suitable for titration of rapidly deteriorating pain.   
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breathing is associated with a prolonged dying phase, CNS tumor, 
lung tumors, pulmonary edema and lower respiratory tract infec-
tion  [150, 151] . 

 Prevention and prompt management are important as treat-
ment measures are more effective at reducing the severity of 
the problem than in stopping it altogether. There are three 
components to effective management of noisy breathing at the 
end of life: 
   •      Explanation and reassurance for the family: the child is not 
drowning or choking.  
   •      Positioning of the patient; fl at or slightly head down with the 
head turned to the side.  
   •      Consider oropharyngeal suction.    

  Pharmacological  m anagement 
 Antimuscarinic drugs (hyoscine hydrobromide, hyoscine butyl-
bromide, and glycopyrronium) can be effective in drying of res-
piratory secretions but there is no substantial evidence from 
systematic review, that any intervention, be it pharmacological or 
non - pharmacological, is superior to placebo in the treatment of 
death rattle  [152] .   

  Terminal  d elirium (Box  23.15 ) 
  Assessment 
 Diagnostic Statistic Manual (DSM)   criteria for acute confusion 
can be considered as applicable to children. Reports of difference 
in prevalence of individual features of acute confusional states in 
children compared with adults are confl icting  [156] . Acute confu-
sional states are likely to be signifi cantly under - recognized  [157] .    

  Management 
 Effective management of acute confusion at the end of life 
involves: 
   •      Identifi cation and treatment of any reversible underlying cause.  
   •      Pharmacological management of resistant symptoms or where 
no reversible underlying cause has been identifi ed.  
   •      Support and explanation for the family.    

 Acute confusional states due to hypercalcemia or medication 
are most likely to be reversible whilst those due to hepatic failure, 
hypoxia, and disseminated intravascular coagulation are most 
likely to be resistant to treatment  [155] . Intravenous hydration 
has not been shown to improve symptoms of acute confusion and 
may worsen fl uid retention symptoms  [158] . 

 Haloperidol is considered as fi rst choice therapy in the man-
agement of confusion at the end of life in adult patients with 
cancer  [159]  and critically ill children  [160] . As monotherapy, 
benzodiazepines may aggravate rather than alleviate delirium at 
end of life but may be benefi cial when haloperidol is insuffi cient 
to control agitated delirium  [161] .   

  Care of the  c hild  a fter  d eath 
 In the immediate period after the death of the child, the over-
whelming need for the family is privacy and time in order to 

  Buccal or  s ublingual  r oute 
 Expert opinion strongly supports the use of the buccal and sub-
cutaneous routes in administration of medication for symptom 
control in pediatric oncology palliative care.  

  Subcutaneous or  i ntravenous  i nfusions 
 Use of subcutaneous or intravenous infusions is frequently 
required when the oral route is no longer available and during 
periods of rapid symptom escalation. It is common practice to 
administer multiple drugs as a single infusion run over 24 hours 
 [143] . Compatibility tables are available to indicate which drugs 
can be mixed together in this way and the most appropriate 
diluent  [144] . Breakthrough medication is given via the oral route 
if possible or via subcutaneous, intravenous buccal or sublingual 
routes as appropriate.  

  Palliative  c are  d rug  b oxes 
 Palliative care drug boxes, containing medication for symptom 
management to be administered via continuous intravenous or 
subcutaneous infusion have been advocated  [145, 146]  as a 
method for ensuring prompt and effective symptom manage-
ment and avoiding unnecessary hospital admission during end -
 of - life care at home. 

 Retrostopective review of the contents and use of palliative care 
drug boxes in pediatric palliative care  [146]  suggests that the 
majority of symptoms can be controlled with a combination of 
six medication(s) suitable for subcutaneous or intravenous 
administration: 
   •      A strong opiate: morphine or diamorphine.  
   •      A combination of antiemetics, e.g. cyclizine, haloperidol, 
levomepromazine.  
   •      A sedative and non - sedative antipsychotic: haloperidol and 
levomepromazine.  
   •      A benzodiazepine, e.g.midazolam.  
   •      An antisecretory agent, e.g. hyoscine hydrobromide.    

 Decreased fl uid intake, and the possibility of suffering through 
thirst, is a frequently voiced parental concern. However, it is 
unclear whether decreased oral intake and thirst are as much of 
a problem for the child. It is helpful to consider that the child is 
dying from a disease process of which decreased oral intake, and 
possibly dehydration, is a part, rather than dehydration being the 
cause of death  [147] . A low prevalence of hunger and thirst is 
reported in adults dying of cancer despite decreased oral intake. 
The relationship between symptoms of dry mouth, thirst, and 
fl uid intake at end of life is unclear  [148] . Benefi ts of artifi cial 
hydration at end of life are unclear  [149] .   

  Noisy  b reathing  d ue to  r etained  r espiratory  t ract 
 s ecretions ( d eath  r attle) 
 In the last few hours of life a child ’ s breathing may become noisy, 
with the characteristic sound of retained secretions in the 
oropharynx in a child too weak to swallow. Prevalence of noisy 
breathing increases as death approaches with reported median 
onset at 16 hours before death  [150] . Increased risk of noisy 
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higher prevalence of complicated grief, most families do not 
experience long - term problems  [3] .   

  Conclusion and  f uture  d irections 

 Despite signifi cant advances in curative treatment for pediatric 
malignancy, approximately 25% children will ultimately die from 
their malignancy, or from complications of treatment aimed at 
cure. The scope of palliative care starts from the diagnosis of a 
life - threatening malignancy and extends through to end - of - life 
care and bereavement. The aim of palliative care is to provide 
support for the child and family, throughout their journey from 
diagnosis to end of life, to control distressing symptoms and to 
optimize quality of life. 

 Effective communication with the child and family, and 
between healthcare professionals, is the foundation of successful 
palliative care. This means sharing distressing news sensitively 
but honestly and working together to share the burden of life -
 threatening illness and ultimately the loss of a child to cancer. 

 Much can be done to reduce the burden of symptoms of chil-
dren with incurable malignancy and improve their quality of life. 
Three symptoms: fatigue, weight loss, and pain are consistently 
reported as the most prevalent and causing the highest level of suf-
fering for children with cancer. Sadly, at the current time although 
much can be done to alleviate suffering due to pain, therapeutic 
options for cancer - related fatigue and cachexia are extremely 
limited and more research is particularly needed in this area. 

 Psychological distress, anxiety, and depression remain signifi -
cantly under - recognized and under - treated. However, much of 
the psychological stress of caring for a child with incurable malig-
nancy can be eased by facilitating pro - active coping mechanisms. 
These include helping the family to retain some sense of control, 
involving them in the care of their child, ensuring privacy and 
time for family members to be together, keeping disruption to a 
minimum, and encouraging support from the family ’ s own social 
networks. Caring for the child at home is one way of ensuring 
that the child and family are able to utilize many of these coping 
strategies but there is much that can be done to facilitate their use 
in other care settings. 

 The research evidence underpinning the practice of pediatric 
palliative care is rapidly expanding. Research in pediatric pallia-
tive care is immensely challenging from both practical and ethical 
perspectives. The wealth of systematic reviews almost universally 
demonstrates that there is insuffi cient evidence to guide clinical 
practice in pediatric oncology palliative care. The fi rst priority is 
the development of robust outcome measures which can then be 
used in randomized controlled clinical trials to evaluate interven-
tions for the most prevalent symptoms and problems. We owe it 
to children with incurable malignancy and their families to 
develop a collaborative international program of research, as has 
been done with curative treatment for malignancy, in order 
ensure the optimum treatment for distressing symptoms and 
improving quality of life.  

begin to adjust to their loss. Mothers describe the specifi c need 
to be with their child ’ s body  [162, 163] . The family may also value 
advice and support regarding practical arrangements to be made 
after the child has died  [164] . 

 The memory of the child and their last illness will not be for-
gotten  [139] . The family needs time and space to work through 
their loss and reframe it as part of who they are and their future 
as a family. 

 Families particularly value when health professionals make 
contact after bereavement  [135, 165] . Parents of deceased chil-
dren value the opportunity to discuss issues such as the chronol-
ogy of events, events surrounding the death, ways to help others, 
bereavement support and what to tell others  [166] . They seek 
reassurance and the opportunity to voice gratitude and voice 
complaints. Consistency of bereavement follow up is valued 
 [167] . However, although loss of a child is associated with a 

  Box 23.15    Etiology and predisposing factors for 
acute confusional states at the end of life   [153 – 155]  . 

    Type of malignancy 

   •      Hematological malignancy or central nervous system tumor    

 Poorly controlled symptoms 

   •      Pain  

   •      Psychological distress  

   •      Spiritual distress  

   •      Urinary or fecal retention    

 Drugs 

   •      Opioids  

   •      Anticholinergic antisecretory  

   •      Anxiolytic  

   •      Antidepressants  

   •      Antipsychotics  

   •      Antiepelipetics  

   •      Steroids  

   •      Non - steroidal anti - infl ammatory drugs    

 Metabolic disturbance 

   •      Dehydration  

   •      Hypercalcemia  

   •      Hepatic failure  

   •      Renal failure  

   •      Hypoxia  

   •      Hypotension and circulatory shock    

 Infection 

 Disturbance of hemostasis 

   •      Disseminated intravascular coagulation     
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     In this chapter, an overview of the factors that relate to the 
conduct and organization of clinical trials involving children with 
cancer at the national and international level will be given. These 
considerations will be related to the logistical and ethical issues 
that can act as important challenges for the various types of clini-
cal trial, but with particular reference to the relatively recent 
advent of the European clinical trials legislature.  

  National  m odels for the  c onduct of  c linical 
 t rials for  c hildren with  c ancer 

 Given the relative rarity of childhood cancer, national collabora-
tion in multi - center studies has long been the norm. There are a 
number of different permutations, which mainly refl ect historical 
development  [1] . 
   •      In the United Kingdom, as elsewhere, the coordination of clini-
cal trials has traditionally been divided into leukemia (under the 
auspices of the UK Childhood Leukaemia Working Party) and 
solid tumors (under the UK Children ’ s Cancer Study Group 
[UKCCSG}). In August 2006 those two groups merged to form 
the Children ’ s Cancer and Leukaemia Group (CCLG).  
   •      The UK model has recently evolved from a purely centralised 
one, with all activities co - ordinated by a central data centre to the 
separation of activity into clinical trial development which is 
overseen by the relevant National Cancer Research Institute 
Clinical Studies Development Groups and trial conduct and 
monitoring which is overseen by a single clinical trials unit for 
the majority of studies. Issues that relate to standards and govern-
ance will be overseen by research networks with the professional 
body of the CCLG taking a co - ordinating overview.    

 Within Europe, a number of national groups exist but a 
different model has largely developed, with clinical trials being 
hosted in a range of institutions determined in the main by the 
presence of an eminent clinician with a key interest in a particular 

tumor type. The concept of a single coordinating center is less 
common. 

 Within North America, four separate groups  –  Children ’ s 
Cancer Group, Pediatric Oncology Group (POG) and the disease 
specifi c Intergroup Rhabdomyosarcoma Study Group and 
National Wilms ’  Tumor Study Group, came together in 2001 to 
form a single collaborative group  –  the Children ’ s Oncology 
Group (COG). COG now represents 215 centers across the 
United States and Canada, as well as Australia, New Zealand, and 
a number of other countries. 

 By comparison with the dispersed European coordination 
model, establishment of a central coordination center does have 
signifi cant implications for overhead costs of staffi ng and accom-
modation. The mechanism of funding differs between Europe 
and North America. 
   •      In the UK the main source of funding is from competitive 
grants, both core and project, awarded from a number of grant 
awarding charitable organizations, primarily Cancer Research 
UK, supplemented by some other charitable funding.  
   •      There has traditionally been little or no government funding to 
support children ’ s cancer research.  
   •      Similar funding mechanisms apply throughout Europe. 
Participation in an international trial represents considerable 
challenges, as each participating group has to obtain its own 
national funding.  
   •      For the Children ’ s Oncology Group the main source of funding 
is the National Cancer Institute, again awarded on the basis of a 
competitive funding bid.  
   •      There has hitherto been little pharmaceutical company support 
and very few pharma led trials.      

 The long and varied history of development of clinical trials 
within Europe, and the lack of a single funding source, has pre-
vented development of a unifi ed approach and unifi ed processes. 
Different national legislation governing the regulation of clinical 
trials is also a factor. Thus there is a range of protocol templates 
and widely differing views on Case Report Form design and 
content, and a number of different electronic trial reporting and 
management facilities in use. Although there is ongoing discus-
sion about a more unifi ed approach within the International 
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Within Europe, the introduction in May 2004 of the Clinical 
Trials Directive  [2]  was designed to harmonize the conduct of 
clinical trials across the growing European Community. The 
varying implementation of the Directive into national legislation 
by each of the member states has, however, done little to harmo-
nize and certainly added to the complexity of conducting clinical 
trials across Europe.  

  Legislation  i nvolving  d ata  s torage,  p rotection 
and  t ransfer 

 Data relating to patients on clinical trials is by its very nature both 
confi dential and sensitive. A range of legislation, which will vary 
across countries, but is likely to cover both aspects of data protec-
tion and freedom of information, covers handling of personal 
data. 
   •      The legislation covers data held manually and electronically, 
including X - rays and scans, and all aspects of the processing of 
such data. There is both organizational and individual responsi-
bility for compliance  [3] .  
   •      Although the legislation will vary from country to country, it is 
likely that the basic principles of data protection will apply uni-
versally, i.e. that data are held and processed fairly and lawfully, 
with appropriate consent having been given, are maintained 
accurately, and are only disclosed appropriately.    

 For any organization conducting clinical trials there will be a 
requirement for compliance with whatever national legislation 
applies. This may involve a registration process. Locally for par-
ticipating sites there will also be data protection issues, relating 
primarily to release of patient data to a third party. The same rules 
apply whether data are being transferred on paper Case Report 
Forms or electronically via remote data entry. 

 The requirements for confi dentiality of sensitive patient data 
may prohibit the use of full names and fully identifi able informa-
tion. This does, however, raise the issue of potential confl ict of 
confi dentiality versus patient safety. In any situation where there 
is a danger of patient data being confused with that of another 
patient then full identifi cation should be used, though always 
with a clear explanation of that fact in the Patient Information 
Sheet, and explicit consent obtained. 

 The national ethics committees are charged with ensuring 
that patients or their parents are fully informed within the 
Parent/Patient Information Sheets about any data processing, 
including details about any data transfer arrangements and 
assurances about confi dentiality. This will also include assur-
ances that no individual will be named in any publication 
arising from the trial, or in any conference presentation. In the 
event of withdrawal of consent during the course of a trial, 
it must be made clear to the participant that data held to that 
point will be retained but will not be used for analysis. Integral 
to this process is the informed consent of the participant or their 
parent to participate in a trial on the basis of the information 
provided. 

Society of Paediatric Oncology (SIOP) in Europe in relation to 
clinical trials, it is hard to see, in the short term, how this situation 
will change. While the Children ’ s Oncology Group undoubtedly 
has its management challenges because of its size, and potential 
confl ict of varying legislation between the United States and 
Canada and federal versus state and provincial legislation, 
as a single cooperative group covering the whole of North 
America it does have the advantages of a single protocol template 
and protocol development process and single remote data 
entry system, thus facilitating greatly training and use by partici-
pating sites. 

 Whatever the size and structure, all participating in clinical 
trials are now subject to increasing levels of bureaucracy and 
legislation. Many national groups face similar problems of over-
stretched resources, insecure funding, and the challenges of 
taking forward trials in the rarer tumors of childhood. Further 
collaboration will be essential to ensure that progress can be made 
and that maximum use is made of resources, experience, and 
expertise  [1] .  

  International  c ollaborations 

 For the vast majority of tumor types, international collaboration 
is essential in order to ensure suffi cient numbers of patients 
are available for the completion of a clinical trial in a timely 
manner. In the United Kingdom, for instance, the only disease 
where there are suffi cient patients for the relatively rapid conduct 
of a national randomized clinical trial is acute lymphoblastic 
leukemia (ALL). 

 International collaboration is, however, complex, takes time 
and effort to establish and maintain, and is expensive. Potential 
barriers to international collaboration, which must be overcome, 
include issues of culture and language, history, and entrenched 
practice. Compromise is essential. There is currently no interna-
tional funding stream, and funding must be obtained at a national 
level by all participating groups/countries  [1] . 

 There is no single model of international collaboration. Within 
Europe, the norm is for a number of participating national 
groups/countries to collaborate with one taking the lead coordi-
nation role  –  a role which is both a privilege and a responsibility. 
The studies may be conducted under the auspices of SIOP or as 
Intergroup studies, such as the Ewing ’ s studies. Early phase trials 
within Europe are now largely coordinated through ITCC 
(Innovative Therapies for Childhood Cancer), a cooperative rep-
resenting 34 centers in six countries. Within North America, the 
formation of a single group (Children ’ s Oncology Group) has 
been important in streamlining and harmonizing processes 
across all aspects of trial activity. Electronic data capture is being 
used increasingly and is seen as the way forward for international 
trials. While there is a single system in use within COG trials, this 
is not the case within Europe  [1] . 

 Perhaps the biggest barrier to international collaboration is 
now the legislation governing the conduct of clinical trials. 
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defi ned period (usually one month) of observation during the 
fi rst treatment cycle.  
   •      Indeed, although over 90% of children who have been entered 
into phase I trials in recent years have been eligible for the evalu-
ation of toxicity  [9] , this requirement may be more diffi cult to 
fulfi ll for children with leukemia when compared with children 
with solid tumors  [10] .  
   •      The severity of toxicities is graded according to the National 
Cancer Institute Common Toxicity Criteria  [11] , and the MTD 
is determined as that dose level in which 0 or 1 children in a 
cohort of six experiences DLT.    

 In addition, standard criteria for disease response are applied 
in this clinical setting, and almost all pediatric Phase I studies 
should investigate the pharmacokinetic behavior of new 
agents. Pharmacological studies may identify subgroups of chil-
dren who are especially susceptible to toxicity by virtue of altered 
metabolism or elimination, and allow the rational selection of 
schedules of administration that can be taken forward for Phase 
II study  [8] . 

 Since the eligibility criteria for entry of children into Phase I 
trials usually demand that they have failed all recognized conven-
tional treatments, this may create diffi culty in reconciling the 
often natural desire of parents and children themselves to proceed 
with treatment at any cost, and the need to provide good quality 
palliative care to children who will in most cases die. 

 A survey of the perceptions of pediatricians from the UKCCSG 
and POG with regard to Phase I trials in pediatric oncology 
sought to identify ethical and other considerations inherent in the 
conduct of these studies, perceived parental and children ’ s moti-
vations, and physician expectations with regard toxicity and 
benefi t  [9] . 
   •      Overall, respondents felt that parents entered their children for 
medical benefi t, altruism, and hope of cure.  
   •      Medical coercion was not felt to be important. Furthermore, 
although many respondents felt that children could benefi t from 
medical improvement, feelings of altruism and maintenance of 
hope, respectively, the chance of cure, or complete remission, was 
felt to be very small.  
   •      Similarly, parents were felt to potentially benefi t through altru-
ism and maintenance of hope. Whereas 83% of UKCCSG 
respondents indicated Phase I trials were associated with ethical 
diffi culties, this was a concern for only 48% of POG respondents. 
The main ethical concerns of respondents were risk of toxicity, 
consent of the child, unrealistic hope, and coercion. However, 
although the majority of respondents expected a child to have at 
least a 50% chance of toxicity, the likelihood of life -  threatening 
toxicity was felt to be very small.    

 Thus, pediatricians from the UKCCSG and POG had largely 
realistic expectations for toxicity and benefi t in relation to Phase 
I studies in pediatric oncology, where literature reviews have 
identifi ed a 7.9 – 10% objective response rate compared with a 
0.56 – 0.7% drug - related toxicity for children participating in 
these studies  [9, 12] . Although pediatricians identifi ed altruism, 
the expectation of medical benefi t, and psychological factors such 

 Data transfer issues become more complex within interna-
tional trials, particularly where the same levels of data protection 
legislation cannot be guaranteed across national boundaries. It is 
important that individuals are made aware if this is likely to apply 
to their data  [4] .  

  Ethical  c onsiderations 

 The application of general ethical principles such as respect for a 
person ’ s self - determination, the balance of risk and benefi t, and 
informed consent apply to all areas of clinical study in pediatric 
oncology. Indeed, informed consent is currently and most com-
monly viewed as a means of protection of a potentially vulnerable 
research subject from harm  [5] . However, in adult oncology prac-
tice the development of increasingly lengthy and unreadable 
consent sheets has had little or no impact on patient understand-
ing or decision making in early clinical trials  [6] . Moreover, the 
issue of consent in all aspects of medical research is becoming 
increasingly complex for pediatric oncology. This has led to a 
great emphasis on the Parent/Patient Information Sheets in pro-
tocols, usually with demands for a range of age - specifi c sheets. 
Changes in data protection regulations within the UK  [3]  are very 
specifi c about the need for explicit consent. 

  Conduct of Phase  I   t rials 
 Although the majority of children with cancer are now cured of 
their disease, a signifi cant number have either disease resistant to 
current therapy, or are unable to tolerate the short -  and long -
 term complications of their treatment. Therefore, Phase I trials 
are needed for both the rational introduction of new therapies 
into pediatric oncology practice, and the evaluation of combina-
tions of new and established agents. 
   •      However, adult Phase I experience with new agents is not 
an adequate predictor of the tolerability of a new agent in chil-
dren  [7] .  
   •      Indeed, internationally agreed guidelines for the conduct 
of Phase I trials in children with cancer have been reported, 
which describe the determination of the maximum tolerated 
dose (MTD) which can be taken forward to a Phase II effi cacy 
study, and dose limiting toxicity (DLT) of a new agent or com-
bination  [8] .  
   •      The strict methodology required for Phase I studies may serve 
to highlight the ethical and practical diffi culties associated with 
this stage of clinical development.    

 The common practice in pediatric Phase I trials is to com-
mence with a starting dose that is 80% of the adult maximum 
tolerated dose. The dose level is generally raised by increments of 
25 – 30%, with children being evaluated in cohorts of three at each 
dose level for toxicity. 
   •      A critical aspect of the design of Phase I studies is the defi nition 
of DLT and MTD, and strict criteria are applied for toxicity evalu-
ation and eligibility whereby children are required to complete a 
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  Conduct of Phase  III   t rials 
 Phase III trials compare the effi cacy of an experimental therapy 
with that of a standard or control therapy, and as with earlier 
clinical studies in pediatric cancer are usually only feasible in a 
collaborative group or multicenter setting. Phase III clinical trials 
may usually include a randomization between treatment arms, 
and are commonly based on sequential or factorial designs  [21] . 
As with earlier clinical studies in pediatric oncology, Phase III 
clinical trials face several logistical diffi culties. This may be exem-
plifi ed by the example of central pathological review, where mis-
classifi cation of tumors can result in a reduction in statistical 
power and inaccurate estimates of median survival  [22] . 

 Much of the debate about ethical issues in phase III trials 
has focused on the issue of equipoise, i.e. the state of genuine 
uncertainty on the part of a clinical investigator or treating phy-
sician toward the comparative merits of different treatments for 
cancer. However, the work of the Rainbow Center for Pediatric 
Ethics in Cleveland, North America, has done much to inform 
the pediatric community of the many challenges that are faced if 
consent is to be truly optimized and informed. For a major study 
of randomization into childhood leukemia trials at six treatment 
centers in the USA, several themes have been identifi ed as 
follows: 
   •      Parents are often in shock at the time of diagnosis of leukemia 
for their children, but found that discussions with medical staff 
to be more helpful than information sheets  [23] .  
   •      In keeping with this, the clinicians involved were concerned 
about information overload and increased anxiety for parents in 
this setting  [24] .  
   •      Clinicians tend not to involve children in discussions about 
randomization  [25] .  
   •      Consent forms tend not to indicate that research participants 
have a right to receive information or summaries of the outcomes 
of the studies they are involved in  [26] .  
   •      Problems of consent - related communication and understand-
ing were more frequently found for parents of lower socioeco-
nomic status or where little or no English was spoken  [27] .  
   •      Only 50% of parents understood the concepts involved in the 
randomization for their child ’ s clinical trials, and this was par-
ticularly true for ethnic minority families and those of lower 
socioeconomic status  [28] .  
   •      A staged approach to consent improves parental comprehen-
sion  [29] , which is more of a problem in comparison to similar 
situations in adult oncological practice, where a more full engage-
ment between physician and patient has been observed  [30] .  
   •      Physician rapport and partnership building related to parent 
participation in the informed consent process, but information 
giving did not  [31] .  
   •      The understanding of the consent process tends to deteriorate 
over time  [32] .  
   •      The effect of altruistic considerations on the consent process is 
marginal  [33] .  
   •      The parents themselves have suggested improvements for 
timing, sequence, checking for understanding, anticipatory guid-

as the maintenance of hope as reasons that parents enter their 
children into phase I studies  [9] , there have been no studies of 
the perceptions of children or their parents in this area. 

 In contrast, several adult studies have identifi ed that patients 
who participate in phase I trials are almost exclusively motivated 
by the hope of therapeutic benefi t  [13, 14] . Furthermore, the 
majority of patients were unable to state the research purposes 
of the trial in which they were participating  [13] , or whether 
alternatives to clinical trial participation, including palliative care 
or non - experimental therapies had been discussed with them  [4] . 
However, cohort - specifi c consent methodologies are being devel-
oped for adult phase I studies, in which an interactive consent 
process by which patients can become directly involved in deci-
sions of dose escalation may reduce some of the ethical dilemmas 
in this area  [15] . Therefore, studies are needed to investigate the 
motivation and perceptions for parents and children with regard 
to the consent process for phase I trials in pediatric oncology. 

 In addition to improvements in the understanding of the 
consent process for phase I trials, future phase I studies in pedi-
atric oncology may be required to embrace methodologies based 
on the pharmacokinetics and pharmacodynamics of the agents 
under study. For example, signifi cant antitumor activity has been 
demonstrated for a phase I study of ifosfamide, carboplatin, and 
etoposide, where a pharmacologically - guided dose escalation for 
carboplatin has been employed  [16] . In addition, continual reas-
sessment methodologies for phase I studies are being developed 
in an adult cancer setting, and it is hoped that these will minimize 
the number of patients treated at sub - optimal dose levels  [17] . 
Finally, an action - based methodology may prove an important 
innovation in phase I trial design, where an end - point of a study 
may be defi ned by the biochemical evidence of maximal inhibi-
tion of the target enzyme  [18] .  

  Conduct of Phase  II   t rials 
 Phase II studies are required to determine whether or not a new 
agent or treatment strategy appears suffi ciently active to warrant 
further study, as determined by objective response rates of 20 –
 30%, but may also further defi ne the toxicity profi le and phar-
macokinetics of new agents. As with phase I studies, phase II 
studies in pediatric oncology are conducted on a multi - institu-
tional or group collaborative basis  [19] . Phase II trials in pediatric 
oncology usually follow a two - stage design that allows early ter-
mination of studies if the activity level is too low or is adequately 
high  [20] . 

 Many of the ethical issues related to phase II trials of new 
agents are similar to those discussed above for the conduct of 
phase I trials. However, the nature of Phase II studies may trans-
late into greater therapeutic intent on behalf of an investigator, 
with the consequence of raising patient or parental expectations. 
Although this aspect of consent has not been formally studied in 
the adult or pediatric setting, the overall response rates within the 
phase II setting is very low for many types of pediatric cancer, 
which may be an important ethical consideration in obtaining 
informed parental consent  [19] .  
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 Although pediatric oncology represents a remarkable model of 
organization and cooperation, there are many areas of diffi culty 
in the conduct of clinical trials in pediatric oncology. Due to the 
relatively small numbers of patients involved, clinical trials in 
pediatric oncology must maximize the clinical and scientifi c 
information gained from their conduct. The ethical considera-
tions for the conduct of clinical trials in pediatric oncology need 
further study, especially in the areas of parental and patient 
consent in the early clinical trial setting. However, running clini-
cal trials across national boundaries is not easy: it requires con-
siderable understanding of other cultures, tact, and diplomacy 
and, at times, willingness to compromise.   
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