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Preface

How Do We Treat?

Hematology and Oncology have seen rapid progress and advances during recent years.
Increased knowledge of tumor biology, epidemiology, molecular genetics, growth regu-
lation, and cellular functions has led to novel therapeutic paradigms. Targeted treat-
ment approaches, antibodies, immunotherapy, and other new techniques complement
classic chemotherapy, radiotherapy, and surgery. Patients are increasingly well educated
as web-based information on diagnostic and therapeutic options as well as quality man-
agement and tumor outcome data are readily available.

In this dynamic and fast-paced environment, it is of central importance to base clinical
decisions and medical practice on the best available evidence. Continuous quality man-
agement, with clinical process documentation, standardization, and evaluation, leads to
improved patient care and long-term outcomes. For these reasons, we have started to
systematically capture and evaluate data on diagnosis, treatment, and outcomes of pa-
tients with solid tumors and hematological neoplasms at the Freiburg University Medi-
cal Center. We have developed standard operating procedures, clinical pathways, and
diagnostic and therapeutic processes, following the principles of “Good Clinical Prac-
tice” These processes (e.g., detailed protocols for chemotherapy application, treatment
flowcharts, clinical pathways) are continuously tested and validated in clinical practice.
National and international guidelines, new clinical study data, and international expert
advice are incorporated into a framework of clinical standards. Based on this work, the
Freiburg University Medical Center and the Comprehensive Cancer Center Freiburg
have been recognized as one of the centers of excellence in hematology and oncology in
Germany and Europe.

The Concise Manual of Hematology and Oncology is the result of this continuous pro-
cess. It offers a specific view based on the daily practice at a large European academic
medical center, and we welcome any comments and discussion. Several German lan-
guage editions of the manual have been published since 1998, and we are thankful for all
the positive feedback and constructive criticism we received. With the first English edi-
tion, we again want to support practicing physicians and healthcare providers in their
daily interaction with patients in hematology and oncology. Treatment of patients with
malignant diseases is always a challenge, in curative, supportive, and palliative settings,
and each patient—in his or her unique situation—deserves the best available therapy
and care.

The Editors
March 2008
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A. Arteria

Aa. Arteriae

Ab Antibody

abs. absolute (ly)

Ad Adresses

Ag Antigen

AIDS Aquired Immune Deficiency
Syndrome

AIHA Autoimmune Hemolytic Anemia

AJCC American Joint Committee on
Cancer

AML Acute myeloid Leukemia
ANA Antinuclear Antibodies

ALL Akuce lymphaticLeukemia

a.o. among others

ARDS Acute Respiratory Distress
Syndrome

ATl Antithrombin III

ATTN Attention, be careful,

B Bolus injection

BC Blood Count

BCh Biochemistry

BM Bone marrow

BW Body weight

BSA Body surface area

°C Degree Celsius

Ca? Calcium

CcDh Cluster of Differentiation

CFU Colony Forming Units
Chap.  Chapter
Chem  Chemistry

Ci. Contraindication

ci.v. continuous intravenous

(e} Chloride

Class Classifikation

CLL Chronic lymphatic Leukemia

CML Chronische myeloid Leukemia
cmv Cytomegalie Virus

CNS Central nervous system
Co Complications

CRP C-reactive Protein

CSF CerebroSpinal Fluid

cT Computed tomography
cvc Central Venous Catheter
CVL Central Venous Line
cvp Central Venous Pressure
d day(s) (dies)

DCCL Diffuse Large Cell Lymphoma
Dd Differential diagnosis

Ddi Drug drug interaction

DDAVP

Def
DFS
DFI
Dg

DIC

di
DNA
Dos

EBV
ECOG

ECG
eg.
EORTC
Ep

ES

ESR

Et
etc.

FBC
FIGO

F/U

GFR
GvHD
GvL

HAT
HAV
Hb
HBV
HCV
hd
HIV
Hkt
HSV
HUS

i.a.
i.m.
i.p.
i.t.

Desamino-D-Arginin- Vasopressin
(Desmopressin)
Definition

Disease free survival
Disease free interval
Diagnostic

Drug interaction
Disseminated intravasal
Coagulation

Deciliter (100 ml)
Deoxyribonucleic Acid
Dosing

Epstein Barr Virus

Eastern Cooperative Oncology
Group (ECOG Performance Scale)
Elektrocardiogram

for instance

European Organisation for
Research and Treatment of Cancer
Epidemiology

Extrasystoles

Erythrocyte Sedimentation Rate
Etiology

et cetera

Factor (Clotting factors FI to FXIII)
Full Blood Count

International Federation of
Gynecology and Obstetrics

Follow Up

Gram

Glomerular Filtration Rate
Graft versus Host Disease
Graft versus Leukemia

hour(s) (hora)
Heparin-associated Thrombopenia
Hepatitis A Virus

Hemoglobin

Hepatitis B Virus

Hepatitis C Virus

high dose

Human Immunodeficiency Virus
Hematocrit

Herpes Simplex Virus
Hemolytic-uremic Syndrom

Intraarterial
Intramuscular
intraperitoneal
Intrathecal
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i.v.
ICD-10

Ind
ITP

K+
kDa
kg

LDH
LFT
Lit
LMWH
Ln
LPHD

MALT
MDS
Meth
mg
Mg
Mgz+
MGUS

min
ml
ul
MOA
MPS

Mw

Na*
NCI
NHL
NMR

Path
PBCh
PBSCT

PCP
PCR
PET
Persp.

Pg

Intravenous

International Classification
of Diseases (10. edition)
Immunglobulin(e)
Indication

Idiopathic thrombocytopenic
Purpura

International Units

Kalium
kilo Dalton
Kilogramm

Liter

Lactate dehydrogenase

Liver Function Tests

Literature

Low Molecular Weight Heparin
Lymph nodes

Lymphocyte Predominant
Hodgkin’s Disease

Morbus

mucosa associated lymphoid tissue
Myelodysplastic Syndrome(s)
Methods

Milligram

Microgram

Magnesium

Monoclonal Gammopathy

of Unknown Significance
Minute(s)

Milliliter

Microliter

Mechanism of Action
Myeloproliferative
Syndrome(s)

Molecular weight

Sodium

National Cancer Institute
Non-Hodgkin-Lymphoma
Nuclear Magnetic Resonance
Tomography

Pathology

Pathobiochemistry

Peripheral Blood Stem Cell
Transplantation

Pneumocystis Carinii Pneumonia
Polymerase Chain Reaction
Positron Emission Tomography
Perspective

Pathogenesis

Pharm
Phys
PKin
Phys
PNH

PPhys
PPSB
Prg
PT
PTT
Px

RFA
RNA
Ref
RT

s.C.
SCC
Se
SLE
SOP
Stag
SVES

Sy

t'2
TBI
TBC
Th
TNM

TRALI
1T
TTP

U&E
uicC

UFH
VES
Vv.

vzv

WHO
Web

Pharmacology
Physiology
Pharmacokinetics
Physiology

Paroxysmal Nocturnal
Hemoglobinuria
Pathophysiology
Prothrombin Complex Concentrate
Prognosis

Prothrombin Time
Partial Prothromin Time
Prophylaxis

registered trade mark
Radio frequency ablation
Ribonucleic Acid
references

Radiotherapy

seconds

subcutaneous

Squamous Cell Cancer

Side effects

Systemic Lupus erythematodes
Standard Operating Procedure,
Staging

supraventricular Extasystoles
Symptoms

Half life time

Total Body Irradiation

Tuberculosis

Treatment, Therapy

TNM-System, Tumor classifikation
(defines T = Tumor, N =Lymph
nodes and M = Metastases)
Transfusion Associated Lung Injury

Thrombotic-thrombozytopenic
Purpura

Units

Urine and Electrolytes
Union Internationale Contre
le Cancer

Unfractionated Heparin

Vena

ventricular Extrasystoles
Venae

Varizella Zoster Virus

World Health Organisation
Internet adresses
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Special symbols

R/\V/\VHHL'C >R o< ™®Q

B Y Ou+O

Alpha

Beta

Gamma

Delta

Kappa

Lambda

Mu, Micro

leading to

increased

lowered, decreased

larger than, more frequent than
smaller than, less frequent as
larger or equal

smaller or equal

about

women, female

men, male

see (refers to other chapter)
phone

Additional Abbreviations are explained

in the respective chapters
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1.1 Epidemiology

1.1

Def:

Meth:

Epidemiology

D.P. Berger, H. Hen3

Describes the frequency with which a disease occurs and examines possible links between disease
occurrence and risk factors.

Terms

o Incidence: total number of new cases of a given disease occurring in a population during a
defined time interval (e.g., new cases per year)

« Incidence Rate: incidence within a given population (e.g., incidence per 100,000 people)

o Prevalence: total number of affected members of the population at a set point in time

o Prevalence Rate: prevalence within a given population (e.g., prevalence per 100,000 people)

o Mortality: total number of disease-related deaths occurring during a defined time interval
(e.g., disease-related deaths per year)

o Mortality Rate: mortality within a given population (e.g., disease-related deaths per 100,000
people per year)

Risk
Describes the likelihood of an event occurring within a defined time interval, e.g., risk of develop-
ing a particular tumor (incidence risk) or risk of dying of a disease (mortality risk).

Risk Factors

Factors contributing to a specific risk. Risk factors for malignant diseases include demographi-
cal data (age, sex), geographical distribution, socio-economic factors, environmental factors, and
biological parameters (“molecular epidemiology”).

Relative Risk (RR)

Epidemiological term which compares the risk (e.g., of disease occurrence) within a specific sub-
population (“high-risk group,” e.g., smokers) with the average population. A factor > 1.0 repre-
sents an increased RR, factors < 1.0 constitute a reduced RR.

Average Age at Which a Disease Occurs
Maximum of the age-specific distribution of cases of a disease.

Incidence, age distribution, and gender distribution of each entity are shown in the disease-related
chapters (» Chaps. 6.1-8.13). Recent research suggests that 70-80% of all malignant diseases are
triggered by certain lifestyle habits or environmental carcinogens. In addition, hereditary factors
are of particular importance (» Chap. 1.2).
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Development of mortality rates of female patients with solid tumors (USA, 1930-2003, age-adjust-
ed mortality rate per 100,000)
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Source: American Cancer Society, Cancer Facts and Figures 2003

Development of mortality rates of male patients with solid tumors (USA, 1930-2003, age-adjusted
mortality rate per 100,000)
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Ref: 1. American Cancer Society. Cancer Facts and Figures 2003. Atlanta, GA, 2003

Jemal A, Siegel R., Ward E et al. Cancer Statistics, 2007. CA Cancer ] Clin 2007;57:43-66
Lichtenstein P, Holm NV, Verkasalo PK et al. Environmental and heritable factors in the causation of
cancer. N Engl ] Med 2000;343:78-85

4. Kamangar E Dores GM, Anderson WE. Patterns of Cancer incidence, mortality, and prevalence across five
continents. ] Clin Oncol 2006;24:2137-50.

Web: 1. http://www.cancer.org/ American Cancer Society
. http://www.iacr.com.fr/ Intl. Association of Cancer Registries
3. http://seer.cancer.gov/ NCI SEER Database



1.2 Carcinogenesis, Molecular Tumor Biology

1.2

Def:

Pg:

Carcinogenesis, Molecular Tumor Biology

D.P. Berger, U. Martens

Development of malignant diseases is a result of multiple exogenic and endogenic factors. Of piv-

otal importance is the accumulation of genetic and epigenetic changes leading to the selection of a

cell population with malignant phenotype. Characteristics are:

o Unlimited proliferation, immortalization

« Loss of antiproliferative feedback mechanisms, autonomous growth, not dependent on prolif-
eration signals (e.g., autocrine stimulation)

« Loss of ability to induce apoptosis

« Neovascularization

o Metastatic and invasive properties

The development of a malignant tumor requires several steps (see model of multistep carcinogen-
esis). Point mutations (single nucleotide changes) or cytogenetic aberrations (e.g., translocation
/ inversion / deletion) with altered activity of regulatory genes (e.g., p53, pRB) are of central im-
portance. These can be hereditary (“germline mutation”) or spontaneous (“somatic mutation”) as
a result of multiple factors (“carcinogen” or carcinogenic defects).

Exogenous Carcinogens:

o Chemicals, drugs

«+ Ionizing radiation

« Infections (viruses, bacteria, protozoa, particularly chronic infections)

Endogenous Carcinogens:
o Defective DNA repair mechanisms

o Defective regulation of epigenetic events
o Genetic instability

Model of multistep carcinogenesis

@ normal
cell

@ —
preneoplastic
cell
dysplasia malignant cell neoplasia  generalization
genetic clenal genetic genetic genetic
change expansion change change change
+ hereditary + endocrine * telomerase « growth « angiogenesis
. :.;:‘;gqtiigils . inﬂtair:_'.malion * oncogenes Faators - proteinases
i *+ nutrition * Suppressor . . - i i
e i heterogeneity matrix proteins
+ apoplosis
dysfunction
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Carcinogens and associated human neoplasias

Carcinogen / group

Associated diseases

Alcohol / Tobacco:
Alcohol

Tobacco

Industrial substances and environmental
pollutants:

Aromatic amines

Arsenic, arsenic compounds
Asbestos

Benzol, styrol, benzene

Benzidine

Beryllium

Chloromethyl ether

Chromium, chromium compounds
Halogenic hydrocarbons

Halogenated alkyl, aryl and alkylaryl oxides

Wood dust

Tonizing radiation

Isopropanol production
Cadmium

Crude coking plant gases

Nickel and nickel compounds
Nitrosamines

Polycyclic hydrocarbons

Radon and radon decay products
Soot, tar, anthrazene

Quartz dust (silicosis)

Mustard gas

Trichloroethylene

Ultraviolet light (sunlight, UV-B)
Vinyl chloride

Hepatic carcinoma, head and neck tumors,
gastrointestinal tumors

Lung cancer, head and neck tumors, esopha-
geal carcinoma, pancreatic carcinoma, renal
cell carcinoma, carcinoma of renal pelvis,
bladder carcinoma

Bladder carcinoma, urinary tract tumors
Lung cancer, skin tumors

Lung cancer, mesothelioma

Acute myeloid leukemia

Bladder carcinoma

Lung cancer

Lung cancer

Lung cancer, head and neck tumors
Hepatic carcinoma, urinary tract tumors

Lung cancer, head and neck / gastrointestinal
/ urinary tract / skin tumors

Tumors of paranasal sinuses
Various solid tumors, leukemias
Tumors of paranasal sinuses

Lung cancer

Lung cancer, head and neck tumors
Lung cancer, head and neck tumors
Esophageal carcinoma

Lung cancer, scrotal carcinoma, skin tumors
Lung cancer

Skin tumors

Lung cancer

Lung cancer, head and neck tumors
Renal cell carcinoma

Skin tumors, melanoma

Hepatic angiosarcoma
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Ref:

Web:

Carcinogens and associated human neoplasias (continued)

Carcinogen / group

Associated diseases

Drugs:
Alkylating agents
Androgenic steroids
Diethylstilbestrol (prenatal)
Epipodophyllotoxin derivates

Immunosuppressants (azathioprine, cyclo-
sporine)

Phenacetine
Synthetic estrogens
Bacteria, viruses, fungi:
Aflatoxins
Chronic hepatitis B, C (HBV, HCV)
Epstein-Barr virus (EBV)

Helicobacter pylori

HIV

HTLV-1

Human papillomaviruses (HPV)
KSHV / HHV-8

Schistosomiasis

Acute myeloid leukemia, bladder carcinoma
Hepatic carcinoma

Vaginal adenocarcinoma

Acute myeloid leukemia

Non-Hodgkin’s lymphomas, skin tumors,
sarcomas

Carcinoma of renal pelvis, bladder carcinoma

Endometrial carcinoma

Hepatic carcinoma
Hepatic carcinoma

Burkitt’s lymphoma, nasopharyngeal carci-
noma

Gastric cancer, MALT-lymphoma of the
stomach

Lymphomas, Kaposi’s sarcoma

Adult T-cell leukemia / lymphomas
Cervical / vulvar / anal / penile carcinoma
Kaposi’s sarcoma, multiple myeloma (?)

Bladder carcinoma

AR A

o

PN RN

Bergen AW, Caporaso N. Cigarette smoking. ] Natl Cancer Inst 1999;91:1365-75

Berrington de Gonzales A, Darby S. Risk of cancer from diagnostic X-rays. Lancet 2004;363:345-51
Hahn WC, Weinberg RA. Rules for making tumor cells. N Eng ] Med 2002;347:1593-603

Jordan CT, Guzman ML, Noble M. Cancer stem cell. N Engl ] Med 2006;355:1253-61

Lichtenstein P, Holm NV, Verkasalo PK et al. Environmental and heritable factors in the causation of

cancer. N Eng ] Med 2000;343:78-85

Ponder BA]J. Cancer genetics. Nature 2001;411:336-41
Vogelstein B, Kinzler KW. Cancer genes and the pathways they control. Nat Med 2004;10:789-99
World Health Organisation JARC monographs on the evaluation of carcinogenic risks to humans, 1-74.

Lyon, IARC, 1972-2000

http://www.iarc.fr

http://www.nlm.nih.gov/pubs/factsheets/ccrisfs.html

http://ehp.niehs.nih.gov/roc/toc10.html
http://potency.berkeley.edu/cpdb.html

http://cancer.gov/cancerinfo/prevention-genetics-causes

http://AtlasGeneticsOncology.org
http://www.carcinogenesis.com/home/

http://www.nature.com/nrc/poster/subpathways/index.html

Intl. Agency for Research on Cancer
Chemical Carcinogen Information
NIH Report on Carcinogens
Carcinogenic Potency Database
Cancer Genetics, NIH

Cytogenetics Atlas

Journal of Carcinogenesis

A subway map to cancer
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1.3 Hematopoiesis and Development of Hematological Neoplasia

1.3

Def:

Phys:

Phys:

Hematopoiesis and Development of Hematological Neoplasia

C.I. Miller, D.P. Berger, M. Engelhardt

Hematopoiesis is the formation of effector cells of the peripheral blood and bone marrow. In the
bone marrow, approximately 1 x 10" cells are formed daily.

Differentiation:

o Mpyelopoiesis: formation of myeloid effector cells (granulocytes, monocytes, macrophages)

o Lymphopoiesis: formation of lymphocytic effector cells (T lymphocytes, B lymphocytes)

o Erythropoiesis: formation of erythrocytes

«  Thrombopoiesis: formation of thrombocytes (platelets)

«  Granulopoiesis: formation of granulocytes (eosinophils, basophils, neutrophils)

Location of Hematopoiesis

« Embryogenesis: hematopoiesis in liver — spleen — bone marrow

o Adulthood: bone marrow. In case of medullary insufficiency, liver and spleen can take over
hematopoietic function (“extramedullary hematopoiesis”)

Regulation of Hematopoiesis

Proliferation and differentiation of stem cells, progenitor cells and effector cells are regulated by
hematopoietic growth factors (HGF):

« Stem and progenitor cells: Flt-2 / flk-3 ligand, stem cell factor (SCF)

« Erythropoiesis: erythropoietin, SCF, interleukin-3 (IL-3)

o Thrombopoiesis: thrombopoietin, SCF, IL-3, IL-6, IL-11

« Granulopoiesis: IL-3, granulocyte colony-stimulating factor (G-CSF), GM-CSF

o Lymphopoiesis: Flt-2 / flk-3 ligand, SCF, IL-2, IL-6, IL-7

Effector Cell Characteristics

o Erythrocytes: carry oxygen and hemoglobin, diameter 8 um, biconcave, akaryotic, develop-
mental period 7 days, life span 120 days

o Thrombocytes: “platelets,” essential for coagulation, size 1-2 um, granular, basophilic, develop-
mental period 10-12 days, life span of circulating thrombocytes 7-8 days

o Neutrophil granulocytes: defense against infections (particularly bacterial infections), <5
nuclear segments connected by chromatin bridges (“segmented granulocyte”), developmen-
tal period 7-10 days, life span of mature neutrophil granulocyte 7-10 h, average production
10 x 10°/h, in response to infection up to 500 x 10°/h

o Eosinophil granulocytes: relevant in allergic and parasitic diseases, two nuclear segments con-
nected by chromatin bridges, eosinophilic cytoplasm

o Basophil granulocytes: relevant in allergic and parasitic diseases, two nuclear segments con-
nected by chromatin bridges, rough basophilic cytoplasmic granules

o Monocytes: resistance to infection and phagocytosis, nuclear sinuses and loosely structured
chromatin, median life span in peripheral blood 20-40 days

o B lymphocytes: antibody-mediated immune response, plasmacytic precursors, diameter
7-12 pm, basophilic cytoplasm, central round nucleus with densely structured chromatin

o T lymphocytes: cellular immune response, diameter 7-12 pum, basophilic cytoplasm, central
round nucleus with densely structured chromatin

Hematological Neoplasia

Hematologic neoplasms are formed by malignant transformation of cells of certain developmental
stages — some characteristics of the neoplastic disease may be aligned with features of the cor-
responding stage of differentiation, e.g., proliferative activity, surface (CD antigens), molecular
and markers.
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1.3 Hematopoiesis and Development of Hematological Neoplasia

Ref:

Web:

Example: B-cell development, differentiation, and expression of surface markers (CD antigens).
Hematologic malignancies developing at a specific stage of differentiation will carry the given CD
antigen expression pattern.

IL-3 IL-1
IL-4 IL-6 IL-4 IL-5 IL-6
SCF IL-7 IL-2 IL-7 -
@—@®— @ —@®—©®— ®—®
lymphatic pro-B pre-B B lymphocyte B lymphocyte B lymphocyte plasma
stem cell cell cell immature mature activated cell
CD34
CD10 CD10
CD19
CD20
CD21, 22

CcD23

IL Interleukin, SCF Stem Cell Factor, CD Surface Marker (Cluster of Differentiation »Chap. 2.5)

Formation of hematological neoplasias on the basis of:

o Erythropoiesis — erythroleukemias (AML M6) (» Chap. 7.1.2)

« Thrombopoiesis — megakaryoblastic leukemias (AML M7) (» Chap. 7.1.2)

o Granulopoiesis — acute myeloid leukemias (» Chap. 7.1.2)

« Lymphopoiesis — lymphomas, lymphatic leukemias (» Chaps. 7.1.1, 7.4, 7.5)

1. AkashiK, Traver D, Kondo M et al. Lymphoid development from hematopoietic stem cells. Int ] Hematol
1999;69:217-26

2. Baraldi-Junkins CA, Beck AC, Rothstein G. Hematopoiesis and cytokines. Hematol Oncol Clin North Am
2000;14:45-61

3. Broxmeyer HE, Kim CH. Regulation of hematopoiesis in a sea of chemokine family members with a

plethora of redundant activities. Exp Hematol 1999;27:1113-23

Fey ME. Normal and malignant hematopoiesis. Ann Oncol 2007;18(suppl. 1):i9-i13

Gilliland DG, Griffin JD. The roles of FLT3 in hematopoiesis and leukemia. Blood 2002;100:1532-42

Hoang T. The origin of hematopoietic cell type diversity. Oncogene 2004;23:7188-98

Kondo M, Wagers AJ, Manz MG et al. Biology of hematopoietic stem cells and progenitors: implications

for clinical application. Annu Rev Immunol 2003;21:759-806

8.  Kyba M, Daley GQ. Hematopoiesis from embryonic stem cells: lessons from and for ontogeny. Exp Hema-
tol 2003;31:994-1006

9.  LeBien TW. Fates of human B-cell precursors. Blood 2000;96:9-23

Nk

1. http://www.hematology.org American Society of Hematology (ASH)

2. http://www.bloodline.net/ Hematological Education and News

3. http://pathy.med.nagoya-u.ac.jp/atlas/doc/ Hematology Atlas of the University of Nagoya
4. http://www.hematologyatlas.com/ Hematology Atlas



Part 1 Principles of Medical Oncology

1.4 Prevention and Screening
H.HenB

Def: Primary prevention = prevention of tumor development
Secondary prevention = tumor screening
Tertiary prevention = post-treatment follow-up and care to ensure early detection of relapse
Primary Prevention

Def: General primary prevention is currently unrealistic for the following reasons:

» Unsolved etiology and pathogenesis of malignant diseases

»  Multiple oncogenetic mechanisms of malignant diseases

o Uncertain efficacy of the majority of primary preventive measures (chemoprevention, antioxi-
dant therapy, etc.)

However, epidemiological research suggests that specific measures may reduce the risk of develop-

ing certain tumors. Activities with the potential for tumor prevention are:

o Sufficient physical exercise

o Adequate nutrition

« Avoidance of exogenous risk factors (e.g., smoking)

Pg: Primary prevention focuses on definition, recognition, and avoidance of risk factors. These can be
genetically determined and/or acquired. Once genetic risk factors have been identified, they can
be used to define a high-risk population.

Genetic Risk Factors: Examples (» Chap. 1.2)

» Familial adenomatous polyposis (FAP) and other familial colorectal tumors (HNPCC)

o Familial breast cancer and/or familial ovarian carcinoma (BRCA1, BRCA2)

o Xeroderma pigmentosum

In the presence of genetic risk factors, cancer screening, preventive therapy, and chemoprevention

ought to be considered.

Acquired Risk Factors Associated with Certain Tumors (» Chap. 1.2)

o Smoking: lung cancer, squamous cell carcinoma of the head and neck, breast cancer, pancreatic
carcinoma, bladder carcinoma, renal cell carcinoma

o Alcohol: squamous cell carcinoma of the head and neck, hepatocellular carcinoma, breast can-
cer, gastrointestinal tumors

o Hazardous substances: lung cancer (e.g., asbestos), nasopharyngeal carcinoma (hardwood
dust), bladder carcinoma (tar, solvents)

o Infections: hepatocellular carcinoma (hepatitis B/ C), cervical carcinoma (papilloma virus,
HPV), gastric cancer (Helicobacter pylori)

o+ Excess exposure to sunlight / UV light: malignant melanoma, basal cell carcinoma

o Obesity (esp. postmenopausal): breast cancer, endometrial carcinoma, prostatic cancer, colorec-
tal cancer

Px: The “European Code Against Cancer” was developed as a source of information for patients. It
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contains general rules of conduct in order to prevent tumor development.



1.4 Prevention and Screening

Def:

Th:

European Code Against Cancer (2003)

Many aspects of general health can be improved, and certain cancers avoided, if you adopt a
healthier life style

1. Do not smoke. If you smoke, stop doing so. If you fail to stop, do not smoke in the pres-
ence of non-smokers

2. Avoid obesity
Undertake some brisk physical activity every day

4. Increase your daily intake and variety of vegetables and fruits: eat at least 5 servings daily.
Limit your intake of foods containing fats from animal sources

5. If you drink alcohol, whether beer, wine, or spirits, moderate your consumption to two
drinks per day if you are a man and one drink per day if you are a woman

6. Care must be taken to avoid excessive sun exposure. It is specifically important to protect
children and adolescents. For individuals who have a tendency to burn in the sun, active
protective measures must be taken throughout life

7. Apply strictly regulations aimed at preventing any exposure to known cancer-causing
substances. Follow all health and safety instructions on substances which may cause
cancer. Follow advice of national radiation protection offices

There are public health programs that could prevent cancers developing or increase the

probability that a cancer may be cured

8. Women from 25 years of age should participate in cervical screening. This should be
within programs with quality control procedures in compliance with European Guide-
lines for Quality Assurance in Cervical Screening

9. Women from 50 years of age should participate in breast screening. This should be within
programs with quality control procedures in compliance with European Guidelines for
Quality Assurance in Mammography Screening

10.  Men and women from 50 years of age should participate in colorectal screening. This
should be within programs with built-in quality assurance procedures

11.  Participate in vaccination programs against hepatitis B virus infection
Other measures

12.  See a doctor if you notice a lump, a persistent wound (including inside the mouth),
changes in shape, color, or size of a mole, any abnormal bleeding

13.  See a doctor if you have persistent symptoms such as a chronic cough or persistent
hoarseness, a change in bowel habits / urination, or unexpected weight loss

Chemoprevention
Prevention of tumor development via prophylactic medication.

Colorectal Tumors

« Retrospective studies demonstrate risk reduction through regular use of acetylsalicylic acid or
non-steroidal antiinflammatory drugs (NSAIDs).

o Prospective studies showed decreased numbers of adenomas, but no significant influence on
carcinoma-related mortality — General use of acetylsalicylic acid or NSAIDs for the preven-
tion of colorectal tumors is presently not recommended due to the possible side effects.
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Meth:
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Breast Cancer

« Positive family history and/or identification of the BRCA-1 and BRCA-2 genes constitute a
higher risk. However, the extent of this risk remains uncertain. Recent studies have shown that
women carrying the genes have up to an 80% lifetime risk of developing the disease by the age
of 80.

« Initial larger studies using tamoxifen in high-risk populations showed a positive influence on
the disease risk. Consequently, the US National Cancer Institute (NCI) formulated a recom-
mendation for the prophylactic use of tamoxifen in patients at risk of developing breast cancer.
At present, this recommendation is judged controversial as other studies failed to reproduce
the initial results or have even shown a negative influence of tamoxifen — Outside of studies,
tamoxifen use should be limited to clearly defined high-risk populations. Frequent follow-up is
required to the increased risk of endometrial carcinoma.

Cervical Carcinoma
Vaccination against human papillomavirus type 16 (HPV-16) prevents intraepithelial cervical
neoplasias.

Lung Cancer

Two large studies were conducted on the influence of protective substances in high-risk popula-
tions:

o ATBC study: administration of alpha-tocopherol (vitamin E) and -carotene

o CARET study: administration of B-carotene and retinol

Neither study showed any benefit in relation to the occurrence of lung cancer. Instead, mortality
was increased in the p-carotene group (higher incidence of bronchial carcinomas and myocardial
infarction). Hence, further similar studies were discontinued.

Head and Neck Tumors

Patients with successfully removed head and neck tumors show a reduced incidence of metachro-
nous secondary tumors after prophylactic use of retinoids. However, retinoids appeared to have
no influence on relapse frequency or metastasis of the primary tumor.

Xeroderma Pigmentosum
The use of retinoids also had a positive effect in known cases of xeroderma pigmentosum.

Selenium

Clinical studies do not conclusively verify the usefulness of selenium substitution. While substitu-
tion is useful in selenium deficient areas (e.g., China), it seems to have no protective effect in areas
with sufficient selenium supply (e.g., Germany). Results of current clinical studies remain to be
seen.

Secondary Prevention (Cancer Screening)

Cancer screening remains the main focus of prophylaxis. Its benefits are, however, still subject to

debate.

o On the one hand, there is definite increase in cure rates and prolonged life expectancy in early
stages of tumor development.

o On the other hand, there is lead time bias and diagnosis of asymptomatic tumors which have
no influence on life expectancy (“over-diagnosis bias”).

o Furthermore, false-positive screening results lead to increased technology-intensive and in-
vasive diagnostic procedures with a higher risk of acute and chronic side effects (exposure to
radiation, risk of invasive measures, etc.).

The following World Health Organization (WHO) criteria are adequate guidelines for screening
measures.
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Px:

Ref:

Web:

WHO criteria for sensible and effective cancer screening programs

o  The disease should be an important health problem

o  There should be an accepted treatment

o There should be facilities for diagnosis and treatment of the disease

o  The disease should have a detectable preclinical phase

o The natural history of the disease should be understood

o A suitable screening test should be available

o The test should be acceptable to the general public

o  There should be a generally accepted strategy for determining whom to treat
o The costs generated should be acceptable

o The program should be designed to carry out screening continuously

Cancer Screening Programs

Cancer screening programs are considered standard medical care for:

o Cervical and endometrial carcinoma — women from 20 years of age

o Breast cancer — women from 30 years of age

o Colorectal cancer — women and men from 45 years of age

« Prostatic cancer — men from 45 years of age

« Malignant skin tumors — women from 30 years of age / men from 45 years of age.

International publications have firmly established the benefits of screening for:
« Colorectal cancer

« Breast cancer in postmenopausal women

o Cervical carcinoma

Up to now, the exact benefits of screening for prostatic cancer have not been verified by published
studies. There is a positive trend toward using mammography to screen for breast cancer in pre-
menopausal women. Screening for malignant melanoma is also recommended, especially given
the low costs involved and the importance of early treatment. There are no recommendations for
lung cancer and ovarian carcinoma. In both cases, currently published studies do not show any
correlation between detection by screening and decreased mortality.

1. Boyle P, Autier P, Bartelink H et al. European Code Against Cancer and scientific justification: third ver-
sion (2003). Ann Oncol 2003;14:973-1005

2. Chlebowski RT, Col N et al. ASCO Technology Assessment of Pharmacology Interventions for Breast
Cancer Risk Reduction Including Tamoxifen, Raloxifen and Aromatase Inhibition. J Clin Oncol
2002;20:3328-43

3. Imperiale TE Aspirin and the prevention of colorectal cancer. N Engl ] Med 2003;348:879-80
Jordan VC. Chemoprevention of breast cancer with selective oestrogenreceptor modulators. Nat Rev
Cancer 2007,7:46-53

5. Key TJ, Allen NE et al. The effect of diet on risk of cancer. Lancet 2002;360:861-68
Koutsky LA, Ault KA et al. A controlled trial of a human papillomavirus type 16 vaccine. N Engl ] Med
2002;347:1645-51

7. Kushi LH, Byers T, Doyle C et al. ACS Guidelines on Nutrition and Physical Activity for Cancer Preven-
tion: Reducing the Risk of Cancer With Healthy Food Choices and Physical Activity. CA Cancer J Clin
2006;56:254-81

8. Smith RA, Cokkinides V, Eyre HJ. Cancer screening in the US, 2007: A review of current guidelines, prac-
ties, and prospects. CA Cancer ] Clin 2007;57:90-104

1. http://www.cancerprevention.org/ Cancer Prevention Foundation

2. http://www.cancerprev.org/ Cancer Detection and Prevention

3. http://www.cancerpreventionfund.com/ National Cancer Prevention Fund

4. http://www.preventcancer.com/ Cancer Prevention Coalition

5. http://www.prevention.cancer.gov Division of Cancer Prevention (NCI)
6. http://www.cdc.gov/cancer/az/ Center for Disease Control (CDC)
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Part 1 Principles of Medical Oncology

1.5 Classification of Diseases and ICD System
D.P. Berger, H. Henf3

Def: Coded disease classifications using internationally standardized systems allow for world wide in-
vestigation of causes of morbidity and mortality. For the classification of diseases and causes of
death, the World Health Organization (WHO) has established the “International Classification of
Diseases” (ICD). In the case of malignant diseases, it focuses particularly on tumor location. Since
1993, the 10th revision of the ICD (ICD-10) has been in use.
In oncology, two codes are being distinguished: “the location code” (ICD-10) and the “ICD-O”
which describes the morphology of a malignant disease (“morphology code”). A definite disease
classification is only possible by combining ICD-10 and ICD-O.

Meth: ICD-10

14

ICD-10 describes 21 categories of diseases and causes of death which are coded using a combina-
tion of letters and numbers. Hematological and oncological diseases are classified between “C00”
and “D90”.

General principles of the international classification of diseases, 10th revision (ICD-10)

Chapter Blocks Title

I A00-B99 Certain infectious and parasitic diseases

II C00-D48 Neoplasms

III D50-D89  Diseases of the blood and blood-forming organs and certain disor-
ders involving the immune mechanism

v E00-E90 Endocrine, nutritional, and metabolic diseases

A F00-F99 Mental and behavioral disorders

VI G00-G99 Diseases of the nervous system

VII HO00-H59  Diseases of the eye and adnexa

VIII H60-H95  Diseases of the ear and mastoid process

IX 100-199 Diseases of the circulatory system

X J00-J99 Diseases of the respiratory system

XI K00-K93 Diseases of the digestive system

XII L00-L99 Diseases of the skin and subcutaneous tissue

XII MO00-M99  Diseases of the musculoskeletal system and connective tissue

XIv NO00-N99  Diseases of the genitourinary system

XV 000-099 Pregnancy, childbirth, and the puerperium

XVI P00-P96 Certain conditions originating in the perinatal period

XVII Q00-Q99 Congenital malformations, deformations, and chromosomal abnor-
malities

XVIII R00-R99 Symptoms, signs, and abnormal clinical and laboratory findings,
not elsewhere classified

XIX S00-T98 Injury, poisoning, and certain other consequences of external
causes

XX V01-Y98  External causes of morbidity and mortality

XXI 7Z00-7299 Factors influencing health status and contact with health services




1.5 Classification of Diseases and ICD System

ICD-10 classification of malignant neoplasms

Code Tumor location Code Tumor location

Co00 Lips C46 Kaposi’s sarcoma

C01-02 Tongue C47 Peripheral nervous system

C03-04 Mouth, gum C48 Retroperitoneum, peritoneum

Co5 Palate C49 Connective and soft tissue

Co6 Cheek C50 Breast

C07-08 Parotid gland, salivary glands C51 Vulva, labium

Co09 Tonsils C52 Vagina

C10-11 Naso- / oropharynx C53 Cervix uteri

C13 Hypopharynx C54 Corpus uteri

Cl4 Other sites in lip / oral cavity / C55 Other uterine carcinomas
pharynx

C15 Esophagus C56 Ovaries

C16 Stomach C57 Other genital organs, @

C17 Small intestine C58 Placenta

C18 Colon C60 Penis

C19 Rectosigmoid junction Ceé1 Prostate

C20 Rectum C62 Testis

C21 Anus, anal canal C63 Other genital organs, &

C22 Liver C64-65 Kidney, renal pelvis

C23-24 Gallbladder, biliary tract C66 Ureter

C25 Pancreas C67-68 Bladder, urethra

C26 Other digestive organs C69 Eye

C30 Nasal cavity, middle ear C70 Meninges

C31 Accessory sinuses C71 Brain

C32 Larynx C72 Spinal cord, cranial nerves

C33 Trachea C73 Thyroid gland

C34 Bronchus, lung C74 Adrenal gland

C37 Thymus C75 Other endocrine glands

C38 Heart, mediastinum, pleura C76 Ill-defined primary sites

C39 Other intrathoracic tumors C77 Lymph node metastasis

C40-41 Bone, articular cartilage C78 Thoracic / abdominal metastasis

C43 Melanoma C79 CNS / skeletal metastasis

C44 Other malignant neoplasms of skin ~ C80 Disseminated metastasis

C45 Mesothelioma Cc97 Multiple primary tumors

15
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ICD-10 classification of hematological neoplasms

Code Tumor location
C81 Hodgkin’s disease
C82 Follicular non-Hodgkin’s lymphoma
C83 Diffuse non-Hodgkin’s lymphoma
C84 Peripheral and cutaneous T-cell lymphoma
C85 Other non-Hodgkin’s lymphoma
C88 Malignant immunoproliferative diseases
C90 Multiple myeloma
C91 Lymphoid leukemia (ALL, CLL)
C92 Myeloid leukemias (AML M1-M4, CML)
C93 Monocytic leukemias (AML M5)
C94 Other leukemias (AML M6, AML M7)
C95 Leukemias of unspecified cell type (AML MO)
D45 Polycythemia vera
D46 Myelodysplastic syndromes
D47 Osteomyelofibrosis
D75.2 Essential thrombocytosis
Ref: 1. WHO. International Classification of Diseases, 10th edn (ICD-10). WHO, Genf, 1996

2. 'WHO. ICD-0 International Classification of Diseases for Oncology, 3rd edn. WHO, Genf, 2000
Web: 1. http://www.who.int/whosis/icd10/ World Health Organization (WHO)

2. http://www.cdc.gov/nchs National Center for Health Statistics (NCHS)
Center for Disease Control (CDC)
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1.6 Tumor Classification and TNM System

1.6

Def:

Meth:

Tumor Classification and TNM System

D.P. Berger, H. Hen3

Tumor classification allows for the categorization of malignancies commensurate with different
stages of a disease. The objective is to form defined, distinguishable groups of diagnostic, thera-
peutic, and prognostic relevance.

Pathological Classification: TNM System

The TNM code is internationally established as the pathological classification of solid tumors. He-
matological neoplasias are classified differently (see respective disease entities). For solid tumors,
too, other clinically relevant staging systems are sometimes being used in addition to the TNM
classification. They are essentially aligned with the TNM code:

+ Testicular tumors: Lugano / Royal Marsden / Indiana stages

« Colorectal carcinoma: Dukes stages

o Ovarian carcinoma: FIGO stages

« Small cell lung cancer: limited / extensive disease

Clinical Classifications: AJCC / UICC
Clinical classification (corresponding to stages 0, I, II, III, IV) aids further simplification and
unites therapeutically and prognostically similar TNM stages. In general, in situ carcinomas are
classified as stage 0 and tumors with evident distant metastasis as stage I'V.

Depending on each disease entity, clinical categorization is carried out in accordance with re-
commendations by UICC (Union Internationale Contre le Cancer), AJCC (American Joint Com-
mittee on Cancer), or national organizations.

TNM System

Internationally standardized system for the categorization and course documentation of solid tu-
mors. The TNM system is based on a graduated description of tumor size (T), lymph node spread
(N), and distant metastasis (M).

General principles of the TNM classification (1992, modified 2002)

Parameter Categories General definition®

Tumor size X Primary tumor cannot be assessed
TO No evidence of primary tumor
Tis Carcinoma in situ (microscopic evidence)
T1-4 Increasing size / local extension of primary

tumor

Lymph node metastasis NX Regional lymph nodes cannot be assessed

NoO No regional lymph node metastasis
N1-3 Increasing involvement of regional lymph nodes
Detection s: sentinel lymph node, i: isolated tumor cells,

mol: molecular genetic testing

Distant metastasis MX Distant metastasis cannot be assessed
Mo No distant metastasis
M1 Distant metastasis

Organs involved

ADR: adrenals, BRA: brain, HEP: hepatic, LYM:
lymph nodes, MAR: bone marrow, OSS: osseous,
PER: peritoneum, PLE: pleura, PUL: pulmonary,
SKI: skin, OTH: others
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Parameter Categories  General definition®
Histopathological grading ~ GX Grade of differentiation cannot be assessed
Gl Well differentiated
G2 Moderately differentiated
G3 Poorly differentiated
G4 Undifferentiated / anaplastic
Prefixes/suffixes aTNM Autoptic classification
cTNM Clinical classification
pTNM Pathological classification
rTNM Recurrent tumors
yINM Classification during/after initial therapy
T(m)NM Multiple primary tumors
Resection status RX Presence of residual tumor cannot be assessed
RO No residual tumor
R1 Microscopic residual tumor
R2 Macroscopic residual tumor
Venous invasion VX Venous invasion cannot be assessed
Vo No venous invasion
V1 Microscopic venous invasion
V2 Macroscopic venous invasion
Diagnostic certainty Cl1 Clinical examination
C2 Special diagnostic means
C3 Surgical exploration
C4 Exhaustive pathological examination
C5 Autopsy

2For disease-specific stage definitions » Chaps. 8.1-8.13

Ref: 1. Greene FL, Page DL, Fleming ID et al. (eds) AJCC Cancer Staging Handbook. TNM Classification of
Malignant Tumors, 6th edn. Springer, New York, 2002
2. Gospodarowicz MK, Miller D, Groome PA et al. The process for continuous improvement of the TNM
classification. Cancer 2004;100:1-5
3. Sobin LH, Wittekind C (eds). TNM Classification of Malignant Tumors, 6th edn. Wiley, New York, 2002
WHO. International Classification of Diseases, 10th edn (ICD-10). WHO, Genf, 1996

Web: 1. http://www.cancerstaging.org American Joint Committee on Cancer (AJCC)
http://www.cancer.gov National Cancer Institute (NCI), with Cancernet
http://www.uicc.org Union Internationale Contre le Cancer (UICC)
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1.7 Indications for Tumor Therapy

1.7

Def:

Meth:

Indications for Tumor Therapy

D.P. Berger, H. HenB3, R. Engelhardt

Factors determining the indication for tumor therapy are:
» Diagnosis

o General health of the patient

o Tumor stage

« Available methods of treatment

o Goals of treatment

« Patient’s wish to be treated

Diagnosis
Correct diagnosis is a fundamental prerequisite for antineoplastic treatment:
« Histological or cytological diagnosis is necessary

Exception: acute emergency situations with clinically certain malignancy
« Pathological diagnosis and clinical diagnosis must be compatible

General Health
Scoring of general performance status by Karnofsky or WHO (» Chap. 1.8)

Tumor Stages
Staging systems (» Chap. 1.6)

Methods of Treatment

o Surgical treatment

« Drug treatment including chemotherapy

« Radiotherapy

o Interdisciplinary treatment: multimodal antineoplastic therapy including surgery, drug treat-
ment, and radiation. Treatment is planned and performed by specialists cooperating in the
involved fields (surgery, medical hematology and oncology, radiotherapy, gynecology, urology,
etc.)

« Experimental methods of treatment (e.g., immunotherapy, gene therapy, hyperthermia): use
within the framework of clinical trials when conventional treatment is not appropriate

Terms of Interdisciplinary Tumor Therapy

o Adjuvant Treatment: postoperative application of additional methods of treatment. It is aimed
at the elimination of residual tumor, or micrometastases, usually via radiotherapy (locally ef-
fective treatment) or drug-based tumor therapy (systemically effective treatment)

o Neoadjuvant Treatment: preoperative application of additional methods of treatment, aiming
at primary reduction of tumor size (to achieve operability) and systemic elimination of dis-
seminated tumor foci

Therapeutic goals and results of treatment

50% R
70% R > cure
» curative intent
Neoplastic )
diseases 20% .
30% e 30% palliation
» palliative intent >




Part 1 Principles of Medical Oncology
o Curative treatment: the objective of therapy is to cure the patient. Primary curative intention
justifies intensive methods of treatment (e.g. extensive surgical resection, high-dose chemo-
therapy, interdisciplinary therapy) despite increased strain on the patient. Treatment must be
carried out in accordance with international standards and guidelines
o Palliative treatment: aimed at improving the patient’s quality of life, controlling symptoms and
pain, as well as prolonging the life span. A palliative intention does not normally justify in-
tensive or strenuous methods of treatment. Treatment is particularly adapted to the individual
situation of the patient
« Supportive treatment: supportive treatment methods to improve the patient’s quality of life and
making treatment more tolerable rather than focusing on antineoplastic effectiveness in the
narrow sense
The therapeutic objectives in patients with neoplasms may change throughout the course of
the disease. If treatment with a primary curative intention fails, it is usually replaced by pallia-
tive treatment in order to limit further invasive measures.
Ref: 1. Julia H, Rowland JH, Hewitt M, Ganz PA. Cancer survivorship: a new challenge in delivering quality
cancer care. ] Clin Onc 2006;24:5101-4
Web: 1. http://www.cancer.org ACS, Clinical Practice Guidelines
2. http://www.guideline.gov National Guideline Clearinghouse (NGC)
3. http://cancer.gov/cancerinformation National Cancer Institute (NCI), with Cancernet
4. http://www.cebm.net Center for Evidence-Based Medicine
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1.8 Performance Status of Tumor Patients (“Performance Status Scales”)

1.8

Def:

Ref:

Web:

Performance Status of Tumor Patients (“Performance Status Scales”)

D.P. Berger, H. Bertz

WHO, SAKK, ECOG, Zubrod Grade  Karnofsky Index
Definition Definition
No symptoms; fully active 0 Normal activity; no complaints; no 100%
symptoms of disease
Symptoms; moderate reductionin 1 Slight reduction in normal activity; 90%
physical activity and capacity to minor symptoms of disease
work; not bed-ridden Normal activity only with effort; 80%
some symptoms of disease
Unable to work; cares for self; 2 Cares for self; unable to carry on 70%
increasing need for assistance, normal activity or to do active work
needs to be in bed < 50% of wak- Requires occasional assistance; 60%
ing hours mainly cares for self
Cannot care for self; requires 3 Requires considerable assistance 50%
permanent care or hospitalization; and frequent medical care
needs to be in bed > 50% of wak- Disabled; requires special care and 40%
ing hours assistance
Rapid progression of disease; 4 Severely disabled; hospitalization 30%
confined to bed is indicated although death not
imminent
Very sick; hospitalization neces- 20%
sary; active supportive treatment
necessary
Moribund; fatal processes progress- 10%
ing rapidly
Dead 5 Dead 0%

WHO World Health Organization, SAKK Schweizerische Arbeitsgemeinschaft fir Klinische Krebsforschung

(Swiss Group for Clinical Cancer Research), ECOG Eastern Cooperative Oncology Group

1. Buccheri G, Ferrigno D, Tamburini M. Karnofsky and ECOG performance status scoring in lung cancer: a

prospective, longitudinal study of 536 patients from a single institution. Eur ] Cancer 1996;32A:1135-41
2. Garman KS, Cohen HJ. Functional status and the elderly patient. Crit Rev Oncol Hematol 2002;43:191-

298

3. Mor V, Laliberte L, Morris JN et al. The Karnofsky Performance Status Scale. An examination of its reli-

ability and validity in a research setting. Cancer 1984;53:2002-7
4. Oken MM, Creech RH, Tormey DC et al. Toxicity and response criteria of the Eastern Cooperative Oncol-
ogy Group. Am J Clin Oncol 1982;5:649-55

. http://www.who.int
2. http://ecog.dfciharvard.edu
3. http://www.fda.gov/cder/cancer

World Health Organization (WHO)
Eastern Cooperative Oncology Group (ECOG)

Food and Drug Administration (FDA) Oncology Tools
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Part 1 Principles of Medical Oncology
1.9 Response Evaluation in Solid Tumors
D.P. Berger
Def: Clinical response evaluation in individual patients takes into consideration objective parameters
as well as subjective criteria:
o Tumor regression in comparison to initial size (degree of remission, “response”)
o Remission period: progression / relapse-free interval
o Survival time: tumor-free survival time and overall survival time
o Toxicity
« Symptom control: regression of tumor-related symptoms (pain, etc.)
o Quality of life: changes in general health
In an overall evaluation of a treatment method within a patient population, the therapeutic re-
sponse is assessed using similar parameters:
« Response rate: percentage of tumor remission within patient population
o Median remission period
o Median survival time
o Survival rates (one-year survival rate, five-year survival rate)
o Cost-effectiveness in comparison to other methods of treatment
Meth: Response Evaluation in Solid Tumor Therapy
» Monitoring of tumor expansion and comparison to initial tumor size
o Definition of tumor progression parameters prior to start of therapy
o Implementation of follow-ups using identical tests
« Imaging as a prerequisite for objective assessment (x-ray, CT, NMR, photography, etc.)
Class: Solid Tumor Response Parameters

22

WHO Criteria (Miller 1981): tumor response is evaluated on the basis of measurable tumor
manifestations. Tumor size is measured bidimensionally (product of longest diameter x great-
est perpendicular diameter, a x b). With multiple tumors, individual products are added up.
For the overall response, non-measurable tumor manifestations are also being considered.
RECIST Criteria (“Response Evaluation Criteria In Solid Tumors”, Therasse 2000): response
evaluation (“best response”) only includes measurable tumors (“target lesions”). The evalu-
ation of the tumor size is based on diameter (longest diameter). In case of multiple tumors,
individual diameters are added up. Overall response includes the evaluation of target lesions,
other non-measurable tumor manifestations (“non-target lesions”), and the occurrence of new
tumor manifestations.

Measurable Tumor: any tumor manifestation that can be measured in at least two dimensions.
Non-measurable Tumor: any tumor manifestation which is detectable but can not be measured
in two dimensions (e.g., metastasis < 1 cm diameter, lymphangitis carcinomatosa, peritoneal
carcinosis, malignant pleural effusion, diffuse metastasis). A “non-measurable“ tumor can still
be evaluable, e.g., in case of unidimensional expansion (liver enlargement due to metastasis,
etc), by the use of clinical parameters (dyspnea, pain, immobility, etc.) or “surrogate” markers
(tumor markers, immunoglobulins, etc.).

Skeletal Metastasis: bone metastases are regarded as tumor parameters. However, remission is
defined differently (see Table).



1.9 Response Evaluation in Solid Tumors

Definition of solid tumor remission

Remission Abbrevi- Measurable tumor  Measurable tumor  Non-measurable
status ation (WHO criteria) (RECIST criteria) tumor or skeletal
metastasis
Complete CR Disappearance of Disappearance of Disappearance of
remission all known disease, all target lesions, all target lesions
confirmed at confirmed at and normalization
> 4 weeks' > 4 weeks' of tumor mark-
ers, confirmed at
> 4 weeks'
Partial PR > 50% decrease > 30% decrease > 30-50% decrease
remission from baseline, from baseline, from baseline
confirmed at confirmed at confirmed at
> 4 weeks' > 4 weeks' > 4 weeks'
No new metastasis No new lesions No new metastasis
No progression No progression of No increase in
of other tumor non-target lesions other tumor pa-
parameters rameters
No change? NC Neither PR or Neither PR or Target lesion and
= Stable disease ~ SD PD criteria met, PD criteria met, tumor parameters
confirmed at confirmed at unchanged com-
> 4 weeks' > 4 weeks' pared to baseline,
confirmed at
> 4 weeks'
No new metastasis No new lesions No new metastasis
No progression No progression of No increase in
of other tumor non-target lesions other tumor pa-
parameters rameters
Progression P > 25% increase > 30% increase > 25% increase in
= Progressive PD of one or more over smallest sum existent lesions
disease lesions and/or observed and/or compared to base-

appearance of new
lesions and/or pro-
gression of other
tumor parameters

appearance of new
lesions and/or pro-
gression of other
tumor parameters

line and/or appear-
ance of new lesions
and/or appearance
of other tumor
parameters

'Confirmed by 2 tests > 4 weeks apart
*“Minor response (MR)”: tumor size 50-75% compared to baseline, partly used in clinical trials

Definition of Therapeutic Response

o Therapeutic response of measurable and non-measurable tumors should be defined sepa-
rately

o In the presence of several measurable tumor parameters, the single worst parameter is crucial.
Example: three measurable tumors with partial remission (PR), but occurrence of new lesion
» overall response: “progression.”

Remission Period

o The period of complete remission (CR) is the time between the first day of provable CR and
the first day of detectable progression

o The period of partial remission is the time between the first day of treatment and the first day
of detectable progression (“overall response period”)
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Part 1 Principles of Medical Oncology
Therapeutic Response in Hematological Neoplasias
There are separate evaluation systems for different types of hematological neoplasias (leukemia,
lymphomas). These are, however, based on similar principles:
o Response classification using complete remission, partial remission, stable disease, progres-
sion
o In the presence of genetic markers (e.g., Philadelphia chromosome with chronic myeloid leu-
kemia): differentiation between clinical response and “cytogenetic response” (detectability of a
cytogenetic or molecular genetic marker)
Survival Time
o “Absolute survival’: time between diagnosis / initiation of therapy and death
» “Event-free survival” (EFS): time between diagnosis / initiation of therapy / tumor response
and occurrence of new tumor manifestation
Ref: 1. Green S, Weiss GR. Southwest Oncology Group standard response criteria, endpoint definitions and toxic-
ity criteria. Invest New Drugs 1992;10:239-53
Jaffe CC. Measures of response: RECiST, WHO, and new alternatives. ] Clin Oncol 2006;24:3245-51
3. Therasse P, Arbuck SG, Eisenhauer EA et al. New guidelines to evaluate the response to treatment in solid
tumors. ] Natl Cancer Inst 2000;92:205-16
4. WHO. WHO handbook for reporting results of cancer treatment. WHO, 1979
Web: 1. http://www.who.int World Health Organization (WHO)
http://www3.cancer.gov/dip/RECIST.htm NCI, RECIST Criteria
http://www.swog.org Southwest Oncology Group (SWOG)
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Ref:

Web:

Brown EG, Wood L, Wood S. The medical dictionary for regulatory activities (MedDRA). Drug Saf
1999;20:109-17

Edwards IR, Aronson JK. Adverse drug reactions: definitions, diagnosis, management. Lancet
2000;356:1255-9

Hesslewood SR. European system for reporting adverse reactions to and defects in radiopharmaceuticals:
annual report 1999. Eur ] Nucl Med 2001;28:2-8

Pirmohamed M, Breckenridge AM, Kitteringham NR et al. Adverse drug reactions. BMJ 1998;316:1295-8
Trotti A, Colevas AD, Setser A et al. CTCAE v3.0: development of a comprehensive grading system for the
adverse effects of cancer treatment. Semin Radiat Oncol 2003;13:176-81

Vincent C. Understanding and responding to adverse events. N Engl ] Med 2003;348:1051-6

http://ctep.cancer.gov/reporting/ctc.html NCI Common Toxicity Criteria

http://ecog.dfciharvard.edu/~ecogdba/general/common_tox.html ~ ECOG Common Toxicity Criteria
http://www.accessdata.fda.gov/scripts/cder/onctools/toxicity.cfm FDA, Common Toxicity Criteria
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Assessing the Quality of Life of Tumor Patients

S. Fetscher, H. Bertz

There is no standardized definition of “quality of life”. The definition suggested by the WHO de-
scribing “health” as “complete physical, psychological and social well-being” largely corresponds
to the popular-medical understanding of the term “quality of life”

The following components of quality of life can be distinguished:

o Physical condition

o Psychological condition

o Social interaction

o Functioning in the everyday life, behavioral components

Quality of life evaluation is based on patient self-assessment (usually questionnaire), structured
interview procedures and outside assessment by relatives or medical personnel.

Methods of Assessing the General Quality of Life

o Short-form 36 (SF-36), standard method for non-oncological questions
o Affect-balance scale

o Munich Quality of Life-Dimensions List

o Nottingham Health Profile (NHP)

o Lancaster Quality of Life Profile

o Sickness Impact Profile (SIP)

o Oregon Quality of Life Questionnaire

» International Quality of Life Assessment-Group Profile

Special Methods of Quality of Life Assessment in Hematology / Oncology

« EORTC Questionnaire (EORTC QLQ-C30), standard method for oncological assessment in
Europe

o Functional Assessment of Cancer Treatment (FACT), standard method for oncological assess-
ment in the USA

o Rotterdam Symptom Checklist (RSCL)

o Quality of Life in Cancer Scale

o Lung Cancer Symptom Scale

IMPORTANT: It is a common misunderstanding that the Karnofsky Index or ECOG Score can
be used for quality of life assessment (Chap. 1.8). Both methods are used for the evaluation
of a patient’s general physical health which is only one component of quality of life. In an
individual case, a low Karnofsky index (poor general health) can go hand in hand with a good
quality of life and good general health can coincide with poor quality of life.

Quality of life assessment is particularly indicated in therapy studies or in the framework of mod-
ern quality management. Furthermore, its implementation is being increasingly demanded by
ethics commissions and institutional review boards.

Quality of life assessment is mandatory with:

o Comparative trials on supportive therapy

o Multicentric phase III trials aimed at establishing new therapeutic standards

o Trials in the field of geriatric oncology

o Trials in the field of palliative therapy

Quality of life assessment with established methods (e.g., EORTC Questionnaire)—especially

when used for the evaluation of new methods of therapy—has the following objectives:

o With only small differences in remission and survival data, advantages of better quality of life
may determine the choice of treatment

o Clear basis for assessing effects and side effects of a particular treatment

o Improvement of organization and quality of tumor treatment and individual patient care.



1.11 Quality of Life

Ref:

Web:

Clearly defined criteria for discontinuation of trials and palliative oncology treatment in pa-
tients with advanced malignancies. In this patient category, toxic experimental therapies are
not justified. Once life expectancy is limited, aspects of quality of life need to lead medical and
therapeutic decision-making.

de Haes ], Curran D, Young T et al. Quality of life evaluation in oncological clinical trials - the EORTC
model. Eur ] Cancer 2000;36:821-5

Giesler RB, Williams SD. Opportunities and challenges: assessing quality of life in clinical trials. ] Natl
Cancer Inst 1998;90:1498-9

Holzner B, Bode RK, Hahn EA et al. Equating EORTC QLQ-C30 and FACT-G scores and its use in onco-
logical research. Eur J Cancer 2006;42:3169-77

http://www.fda.gov Food and Drug Administration (FDA)

http://www.nci.nih.gov National Cancer Institute (NCI)

http://www.eortc.be/home/qol/ European Organization for Research and Treatment of Cancer
(EORTC), “Quality of Life Web Site”

http://www.isoqol.org/ International Society for Quality of Life Research
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Evidence-based Medicine (EBM), Guidelines and Quality Management

H.HenB

“Evidence-based medicine” (EBM) describes the implementation of diagnostic and therapeutic
methods which are based on assured knowledge (evidence), putting purpose and benefit of the re-
spective method second. This is particularly important when several different methods are under
consideration.

The evidence of clinical information is classified corresponding to the reliability of the underly-
ing trials. Depending on the way data were obtained, different levels of evidence can be distin-

guished. Prospective randomized trials including control groups imply the highest reliability.

Levels of evidence according to standard of knowledge

Level of evidence  Definition

1 Evidence obtained from at least one properly designed randomized con-
trolled trial

2 Evidence obtained from well-designed controlled trials without random-
ization

3 Evidence obtained from well-designed cohort or case-control analytic
studies, preferably from more than one center or research group
Evidence obtained from case series with or without intervention

Opinions of respected authorities, based on clinical experience, descriptive
studies, or reports of expert committees

EBM does not imply that only methods based on controlled randomized studies are legitimate.
However, decision making should be based on the highest available level of evidence in each case.

Standards and Guidelines in Oncology

Standards and guidelines, especially on the basis of assured evidence, are designed to support

medical decision making in order to guarantee high quality healthcare. Guidelines are:

o Systematically developed tools which help decide on medically adequate approaches to diag-
nosis and therapy of certain diseases

o Consensus of several experts from various disciplines (“interdisciplinary guidelines”) which
was developed using defined, transparent procedures

o Scientifically established and practical recommendations for action

o Orientation guides, from which deviation is acceptable in justified circumstances

Objectives of Guidelines and Standards:

o Securing and improving the health care of the population

o Motivation to apply medical procedures that are scientifically established and economically
appropriate

o Information about necessary and established medical procedures with regard to special health
risks and disorders

o Reduction of undesirable fluctuation of quality in the fields of medical care
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Characteristics of Standards

Standards are differentiated according to their reliability:

+ Recommendations: describe options of acting and omission. Of minor normative nature and
little scientific evidence.

o Guidelines: systematically developed tools which help decide on medically adequate ap-
proaches to specific problems. Scientifically founded practical orientation guides (“action
pathways”) from which deviation is acceptable in justified cases

« Directives: code of conduct which is approved by a legally authorized institution, set out in
writing, and published; legally binding for the legal and judicial area of a specific institution;
non-compliance is punished by specific sanctions

IMPORTANT: Directives have to, guidelines should, and recommendations may be observed.

Quality Management

“Quality” describes all characteristics of a product / service with regards to its ability to satisfy

defined and required needs. It comprises:

« Structural quality (financial, technical, and personnel equipment)

o Process quality (here: quality of diagnostic and therapeutic measures, organization, and super-
vision of treatment procedures)

o Quality of outcome (quality of achieved results by diagnosis and therapy)

“Quality management” describes a dynamic process of continuous evaluation and optimization
of all diagnostic and therapeutic measures. “Quality assurance” in the narrow sense merely as-
certains compliance with once-defined standards. However, medicine in general and hematology
/ oncology in particular are subject to constant progresses. Therefore, quality management is the
preferred option.

Quality management results from continuous processes:
o Quality analysis (measuring and registration of deficits)
o Quality improvement (adjustment to expected norms)

Quality analysis is measured by indicators (e.g., treatment associated toxicity; remission rates,
survival times, quality of life). Prerequisites are clearly defined indicators that are measured by
consistent methods.

Benchmarking

Continuous improvement of quality (“total quality management”, TQM) describes the regular
comparison of different hospitals or departments by the means of pre-defined indicators. It can
initiate development and introduction of new procedures or simultaneously lead to abandonment
of obsolete practices. The two most important “parameters” are the patient and the respective
disease course.

Gap Analysis

Defective processes hinder smooth diagnosis and therapy. Usually, only a small number of flaws
gives rise to a multitude of disruptions (“Single point of failure”). Errors should therefore be listed
according to the frequency of their occurrence (“Pareto Diagram”) before initiating a “reform”
That way, the most significant defects can be detected and adequate measures necessary for their
elimination can be decided upon swiftly.

Good Clinical Practice (GCP)

GCP describes the execution of clinical procedures on the basis of tested and approved standard
methods (“standard operating procedures”; SOP). It is of great importance in connection with
complex high-risk procedures (e.g., chemotherapy) and is therefore particularly relevant for the
conduct of clinical trials (» Chap. 3.7).
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Ayanian JZ, Crischilles EA, Wallace RB et al. Understanding cancer treatment and outcomes: the Cancer
Care Outcomes Research and Surveillance Consortium. J Clin Oncol 2004;22:2992-6

Ray-Coquard I, Philip T, de Laroche G et al. A controlled before-after study: impact of a clinical guidelines
program and regional cancer network organization on medical practice. Br ] Cancer 2002;86:313-21
Schneider EC, Epstein AM, Malin JL et al. Developing a system to assess the quality of cancer care: ASCO’s
National Initiative on Cancer Care Quality. ] Clin Oncol 2004;22:2985-91

Vardy ], Tannock IE. Quality of cancer care. Ann Oncol 2004;15:1001-6

http://www.cebm.net Evidence-Based Medicine, Oxford
http://www.guideline.gov National Guideline Clearinghouse (NGC)
http://cochrane.org/docs/ebm.htm Cochrane Library, Reviews for EBM
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1.13

Def:

Meth:

Ref:

Electronic Media

D.P. Berger

Electronic media, especially the internet, provide an opportunity to rapidly distribute and access
current data. This advantage has led to an increased amount of information on up-to-date studies,
treatment concepts, and scientific results being online available to doctors and patients.
According to recent studies, there are 12.5 million online searches daily worldwide on health rel-
evant topics. About 40% of tumor patients use the internet to gather information about their dis-
ease and approximately 2.3 million patients suffering from a malignant disease have access to the
internet, especially in Europe, Asia, and North America.

The table below lists websites relevant to the hemato-oncological field. We would like to point out
that we cannot assume any responsibility for the contents of the listed pages and explicitly distance
ourselves from data which are of a non-medical nature or not in accordance with the current state
of the art. This list is not exhaustive. It emphasizes websites which have been continuously updated
over recent years. Examples are:

“Cancer Topics”

Up-to-date information by the National Cancer Institute (NCI), Washington, USA:

« Epidemiology, diagnosis, and treatment of hematological and oncological diseases
« Monthly review and updating of the disease-related databases

« Database of worldwide therapy studies

« Information on new treatment approaches and cytostatics

o Information on supportive care

« Separate information resources for doctors and patients

PubMed

Comprehensive literature database of the National Center for Biotechnology Information (NCBI)
of the National Library of Medicine (NLM). Access to over 10 million manuscripts with abstracts.
Includes Medline and several other databases. Search function with excellent access to relevant
information.

1. Casali P, Licitra L, Tondini C et al. START: a European state-of-the-art on-line instrument for clinical
oncologists. Ann Oncol 1999;10:769-73
2. Eysenbach G. The impact of the internet on treatment outcomes. CA Cancer ] Clin 2003;53:355-71

Hematology / oncology online

Provider / contents Website

International organizations:

AACR, American Assoc. for Cancer Research http://www.aacr.org

ACS, American Cancer Society http://www.cancer.org

AJCC, American Joint Committee on Cancer http://www.cancerstaging.org
ASCO, American Society of Clinical Oncology http://www.asco.org

ASH, American Society of Hematology http://www.hematology.org
BMDW, Bone Marrow Donors Worldwide http://bmdw.org

DECI, Dana Farber Cancer Institute, Harvard http://www.dfci.harvard.edu
Duke Comprehensive Cancer Center http://cancer.duke.edu
EACR, European Assoc. for Cancer Research http://eacr.org
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Hematology / oncology online (continued)

Provider / contents

Website

ECOG, Eastern Cooperative Oncology Group

EORTC, European Organisation for Research and

Treatment of Cancer

ESMO, European Society of Medical Oncology

ESO, European School of Oncology
FDA, Food and Drug Administration

FECS, Federation of European Cancer Societies
FHCRC, Fred Hutchinson Cancer Research Center

IACR, International Association Cancer Registries

IARC, International Agency for Research on
Cancer

MASCC, Mult. Assoc. Supportive Care in Cancer

MD Anderson Cancer Center

MSKCC, Memorial Sloan-Kettering Cancer Center

NCCN, Natl Comprehensive Cancer Network
NCI, National Cancer Institute, USA
“Oncolink”, Univ. Pennsylvania Cancer Center
SEER, Surveillance Epidemiology End Results
SWOG, Southwest Oncology Group

Telescan, Netherlands Cancer Institute

UICC, Union Internationale Contre le Cancer
WHO, World Health Organization

General information:

NCI “Cancer Topics”

Cancer Information Network

FDA Oncology Tools

Medline Plus

NCCN Clinical Practice Guidelines Oncology
Medscape Hematology Oncology

Blood Line
Hematology Atlas, Sao Paulo
Hematology Atlas, Nagoya

Disease-specific information:
Leukemia and Lymphoma Society
Lymphoma Information Network
International Myeloma Foundation
Brain Tumor Society

Brain Tumor Association

http://www.ecog.dfci.harvard.edu
http://www.eortc.be

http://www.esmo.org
http://www.cancerworld.org
http://www.fda.gov
http://www.fecs.be
http://www.fhcre.org
http://www.iacr.com.fr

http://www.iarc.fr

http://www.mascc.org
http://www.mdanderson.org
http://www.mskcc.org
http://www.nccn.org
http://www.cancer.gov
http://oncolink.upenn.edu
http://seer.cancer.gov
http://www.swog.org
http://telescan.nki.nl
http://www.uicc.org

http://www.who.int

http://www.cancer.org
http://www.cancernetwork.com
http://www.fda.gov/cder/cancer
http://www.nlm.nih.gov/medlineplus
http://www.nccn.org

http://medscape.com/hematology-on-
cologyhome

http://www.bloodline.net/
http://www.hematologyatlas.com

http://pathy.med.nagoya-u.ac.jp/atlas/
doc/ atlas.html

http://www.leukemia.org/
http://www.lymphomainfo.net
http://myeloma.org
http://tbts.org
http://www.abta.org/
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Hematology / oncology online (continued)

Provider / contents

Website

National Breast Cancer Foundation
National Breast Cancer Coalition
Lung Cancer Online

Lung Cancer

Colorectal Cancer Network

Kidney Cancer Association

Prostate Cancer

American Prostate Society

National Prostate Cancer Coalition
Prostate Cancer Foundation

Prostate Health Directory

The Virtual Prostate

TCRC, Testicular Cancer Resource Center
Management of Cancer Pain Guidelines
Carcinogens

Information on pharmaceuticals:

Drug Information Network

Medline Plus Drug Information
Cytokine Database

Chemfinder Database

Dose Calculation of Cytostatics
Literature / journals / information:
PubMed, National Library of Medicine

History of Biomedicine

Blood

CA - A Cancer Journal for Clinicians
Cell

Journal of Clinical Oncology

Journal of the National Cancer Institute
The Lancet

Nature

Nature Medicine

Nature Reviews Cancer

The New England Journal of Medicine
Science

Seminars in Hematology

Seminars in Oncology

http://nationalbreastcancer.org
http://natlbcc.org
http://lungcanceronline.org

http://lungcancer.gov

http://www.colorectal-cancer.net
http://www.nkca.org/
http://www.prostate.com
http://www.ameripros.org/
http://www.4npcc.org
http://www.prostatecancerfoundation.org
http://www.prostatehealthdirectory.org
http://www.virtualprostate.com
http://www.comed.com/Prostate
http://tcrc.acor.org
http://ehp.niehs.nih.gov.roc

http://www.druginfonet.com/
http://www.nlm.nih.gov/medlineplus
http://www.copewithcytokines.de/
http://chemfinder.cambridgesoft.com/
http://www.meds.com/DChome.html

http://www.ncbi.nlm.nih.gov/entrez/query.
fegi

http://wwwihm.nlm.nih.gov/
http://www.bloodjournal.org
http://caonline.amcancersoc.org
http://www.cell.com

http://www.jco.org
http://jncicancerspectrum/oupjournals.org
http://www.thelancet.com/
http://www.nature.com
http://www.nature.com/nm
http://www.nature.com/nrc
http://www.nejm.org/
http://www.sciencemag.org
http://www.seminhematol.org

http://www.seminoncol.org
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Hematology / oncology online (continued)

Provider / contents Website

Search engines / other medical servers:

Google http://www.google.com
Yahoo http://www.yahoo.com
Hotbot http://www.hotbot.com
Dogpile http://www.dogpile.com
CNN Health News http://www.cnn.com/health
Cancer News http://www.cancernews.com
Medscape http://www.medscape.com
Healthgate http://www.healthgate.com
Medical Matrix http://www.medmatrix.org
Reuters Health http://www.reutershealth.com
WebMD http://www.webmd.com
DocCheck http://www.doccheck.com
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2.1 Cytogenetics and Fluorescence In Situ Hybridization (FISH)

2.1

Def:

Dg:

Cytogenetics and Fluorescence In Situ Hybridization (FISH)

R. Kunzmann, M. Luebbert

Cytogenetics and fluorescence in situ hybridization (FISH) are methods of detecting clonal chro-
mosomal aberrations in malignant cells — important for primary diagnosis, assessment of pro-
gression, therapy, and prognosis of hematological diseases.

The following abnormalities can be distinguished:

Chromosomal abnormalities in hematologic diseases

»

Primary disease-specific abnormalities e.g., t(9;22), (“Philadelphia chromosome,” sole chro-
mosomal abnormality in the chronic phase of CML), pathogenetically of causal significance

Secondary chromosomal abnormalities in connection with genomic instability and clonal evo-
lution (e.g., multiple, unspecific structural aberrations), pathogenetically of no causal signifi-

cance

Disease’ Aberration Prognosis
Acute myeloid leukemia (AML):
Acute myeloblastic leukemia (M2) t(8;21) Good
Acute promyelocytic leukemia (M3) t(15;17) Good
Acute myelomonocytic leukemia with abnor- inv(16), t(16;16) Good
mal eosinophils (M4Eo)
AML type M4 or M5 t(11923;n) Poor
Different subtypes, abnormal thrombopoiesis inv(3), t(3;3) Poor
Different subtypes, often secondary AML -5, -7, del(5q), del(7q), Poor
del(17p), = 3 anomalies
Myelodysplastic syndromes (MDS):
“Refractory anemia” del(5q) Good
Different subtypes -Y, del(20q) Good
Different subtypes -7, del(7q), t(1;7), = 3 Poor
anomalies
Acute lymphocytic leukemia (ALL):
Different subtypes Hyperdiploid Good
Pre-B-ALL t(1;19) Medium risk
B-ALL, Burkitt’s lymphoma t(8;14),t(2;8),t(8;22) Poor
Pre-pre-B-ALL t(4;11) Poor
Mostly c-ALL t(9;22) Poor
Immunoproliferative diseases:
Multiple myeloma (MM) del(13)(q14)(17p) Poor

! See also respective chapters: ALL » 7.1.1, AML » 7.1.2, MDS » 7.2, CLL » 7.5.2, MM » 7.5.10

In principle, the presence of multiple chromosomal abnormalities (> 3 aberrations, “complex”
anomalies) at the time of primary diagnosis or during the course of a disease constitutes a poor
prognosis.
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Cytogenetics (“Karyotyping”)

Objective
Detection of numerical and structural chromosome aberrations in malignant cell clones.

Indications

Primary diagnosis of acute leukemia (AML, ALL), myelodysplastic syndrome (MDS), chronic
myeloid leukemia (CML) and other myeloproliferative syndromes (MPS), multiple myeloma
(MM), chronic lymphatic leukemia (CLL)

Post-therapeutic follow-up - only if a cytogenetic marker has been identified and other diag-
nostic methods (morphology, immunocytology, molecular diagnosis with PCR) do not yield
clear results

Evaluation of prognosis for AML, MDS, ALL, MM, CLL, CML (see above)

Progression or transformation of hematological diseases (e.g., MDS, CML)

Methods

Preparation of metaphase cells after establishing primary culture (unstimulated)

Staining of condensed metaphase chromosomes using Giemsa staining or other methods
Light microscopic evaluation of chromosomal shape, number and staining (20-30 metaphases
per sample)

Clonality Criteria

Evidence of an identical structural chromosome abnormality or an additional chromosome in
> 2 cells
Evidence of an identical numeric chromosome abnormality in > 3 cells

Nomenclature
Symbol Definition
P Short arm of a chromosome
q Long arm of a chromosome
+ Additional chromosome, e.g., “+8” = chromosome 8 trisomy
- Loss of chromosome, e.g., “-7” = chromosome 7 monosomy
t Translocation (interchromosomal exchange of fragments)
del Deletion (loss of chromosome segment)
inv Inversion (intrachromosomal rotation of fragments)
der Structural rearrangement (e.g., unbalanced translocation)
i Isochromosome (duplication of one chromosome arm)
dup Duplication of a chromosome segment
mar Marker chromosome
Limitations

Tests dependent on availability of sufficient cell material (ideally first marrow aspirate) and
conditions of sampling and dispatch (sterility) — risk of false-negative results due to insuf-
ficient material or < 10 analyzable metaphases

Even if sufficient material, sensitivity is 1:20 to 1:30 due to limited number of analyzable cells,
therefore detection of minimal residual disease (MRD) not possible when < 5% of cells show
the cytogenetic marker

Tests dependent on cell division — a normal karyotype does not rule out abnormal, non-di-
viding clones

Submicroscopic structural aberrations non-detectable
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Ref:

Web:

« Labor-intensive method (cell isolation and culture, chromosome preparation and staining, in-
terpretation of samples)

Fluorescence In Situ Hybridization (“FISH")

Objective
Detection (quantitative) of known numerical or structural abnormalities, especially in follow-up
examinations

Indications
See “Cytogenetics,” especially in case of lack of significance of classic cytogenetic methods

Methods

« Hybridization of fixed nuclei (interphase technique) using one or several chromosome- or
gene-specific fluorescence-labeled DNA probes

o Fluorescence microscopic examination of > 100-400 cells

Advantages Over Classic Cytogenetics

o Detection limit: 100-1,000 cells can be analyzed — higher sensitivity

o Compared with “classic” metaphase cytogenetics, interphase-FISH analysis does not depend
on cell division and cell culture variations, hence allowing quantitative conclusions

o Suitable for follow-up tests with established cytogenetic markers

« Lower demands on quality regarding sampling and dispatch

« Conclusions about aberrations in diseases with otherwise unsuccessful karyotyping (e.g., MDS
with marrow fibrosis, hypocellular AML)

Limitations

o Specificity: only known or presumed numerical or structural aberrations which complement
the used DNA probe can be detected (not a global test for the detection of all chromosomal
aberrations), hence supplementary to chromosome analysis

Quality of the used DNA probe

1. Bordeleau L, Berinstein NL. Molecular diagnostics in follicular non-Hodgkin’s lymphoma. Semin Oncol
2000;27(6 Suppl 12):42-52

2. Burmeister T, Thiel E. Molecular genetics in acute and chronic leukemias. ] Cancer Res Clin Oncol
2001;127:80-90

3. Grimwade D, Walker H, Oliver F et al. The importance of diagnostic cytogenetics on outcome in AML:
analysis of 1,612 patients entered into the MRC AML 10 trial. Blood 1998;92:2322-33

4. Harrison CJ. The management of patients with leukaemia: the role of cytogenetics in this molecular era. Br
J Hematol 2000;108:19-30

5. Huret]L, Dessen P, LeMinor S et al. The “Atlas of Genetics and Cytogenetics in Oncology and Haematol-
ogy” on the internet and a review on infant leukemias. Cancer Genet Cytogenet 2000;120:155-9

6.  Kristensen TD, Wesenberg F et al. High-resolution comparative genomic hybridisation yields a high
detection rate of chromosomal aberrations in childhood acute lymphoblastic leukaemia. Eur ] Haematol
2003;70:363-72

7. Mrozek K, Heinonen K, Bloomfield CD. Prognostic value of cytogenetic findings in adults with acute
myeloid leukemia. Int ] Hematol 2000;72:261-71

1. http://www.ncbi.nlm.nih.gov/Genbank/GenbankOverview.html NIH gene database

2. http://www.gdb.org/ Human Genome Database

3. http://atlasgeneticsoncology.org/ Atlas of Genetics and Cytogenetics
4. http://www.slh.wisc.edu/cytogenetics/index.php Cancer Cytogenetics

5. http://www.biologia.uniba.it/rmc/ Molecular Cytogenetics Resources
6.  http://www.genenames.org/ Human Gene Nomenclature
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2.2 Molecular Diagnosis
H.Veelken, M. Liibbert
Def: Detection and characterization of genetic and epigenetic alterations associated with malignancies.
Specific nucleic acid modifications serve as molecular markers for malignant cell clones.
Ind: o Confirmation of diagnosis via detection of tumor-associated molecular markers
« Identification of prognostically relevant subgroups / genotypes within a tumor entity for ther-
apy planning
o Detection of minimal residual disease in the framework of follow-up tests to allow early thera-
peutic intervention
Pphys: Examples for molecular markers of hematological neoplasias
Genetic marker Disease Indication Prognosis
BCR-ABL, p210 CML Diagnosis, follow-up Very poor
Ph'-AML Risk stratification, follow-up
BCR-ABL, p190 Ph'-ALL Risk stratification, follow-up Very poor
PML/RARa AML M3 Diagnosis, follow-up Very good
AML1/ETO AML M2 Risk stratification, follow-up Good
flt-3mutation AML Risk stratification, follow-up Poor
CBFB/MYHI1 AML M4Eo Risk stratification, follow-up Good
TEL/AML1 prae-B-ALL Risk stratification, follow-up Good
AF4/MLL pre-pre-B-ALL Risk stratification, follow-up Poor
E2A/PBX1 pre-B-ALL Risk stratification, follow-up Medium risk
Ig/BCL2 NHL Diagnosis, follow-up
Antigen receptor NHL, ALL Differentiation of reactive lympho-
gene rearrangements proliferation, follow-up
« For a multitude of tumors, characteristic molecular aberrations have been described. Here, we
are only listing marker genes which are clinically relevant and form part of standard diagnostic
procedures
o With suspected germline mutations and possibly hereditary malignancies, genetic counseling
should always precede decisions about the use of molecular diagnosis
« In routine diagnosis of hematological neoplasias, rearrangements of antigen receptor genes as
well as fusion genes which are a result of gene rearrangement following chromosomal translo-
cation are used as valuable molecular markers
o Cytogenetics, FISH, and molecular diagnostics can at present be regarded as complementary
procedures, which cannot replace each other
o Gene expression profiles using oligonucleotides or cDNA microarrays allow conclusions about
mRNA expression patterns with may be associated with specific malignancies (» Chap. 2.3)
Meth: Samples: blood (EDTA), bone marrow aspirate (EDTA), fresh or ethanol-fixed biopsy sample.
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Isolation of DNA or RNA (depending on indication and marker)

RNA-based assays: reverse transcription of RNA into cDNA

Amplification of DNA or cDNA via polymerase chain reaction (PCR) using specific oligo-
nucleotides (primer)
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Ind:

« Quantitative analysis via “real-time” PCR of the amplification products; semiquantitative analy-
sis via gel electrophoresis (agarose, polyacrylamide)

« In specific cases: analysis of genomic DNA (Southern blot), RNA analysis (Northern blot),
ligase chain reaction, and other methods

Confirmation of Diagnosis

« CML, myeloproliferative syndromes: BCR/ABL fusion gene

o Malignant lymphoma: clonality of antigen receptor gene rearrangements

o Follicular lymphoma: Ig/BCL2 rearrangement, t(14;18), t(2;18), t(18;22)

« Microgranular variant of acute promyelocytic leukemia (AML M3v): PML/RARa

AML (Primary Diagnosis): Identification of Prognostically Relevant Subgroups

« AMLI/ETO fusion gene, t(8;21)(q22;q22)

o CBFB/MYHI11 fusion gene, inv(16) and t(16;16)(p13;q22)

« PML/RARa fusion gene, t(15;17)(q21;q22) with AML FAB M3

« flt-3 mutations (internal tandem duplication, TK domain) mostly with normal karyo type
« NPMI mutation (mostly with normal karyo type)

ALL (Primary Diagnosis): Identification of Prognostically Relevant Subgroups
« BCR/ABL fusion gene, t(9;22)(q34;q11)

o Translocations of the MLL gene, e.g., AF-4/MLL, t(4;11)(q21;q23)

« E2A/PBX fusion gene, t(1;19)(q23;p13)

Soft Tissue Sarcomas (Primary Diagnosis): Identification of Prognostically Relevant
Subgroups

o Ewing’s sarcoma/PNET: EWS/FLI1 fusion gene, t(11;22)(q24;q12)

o Clear cell sarcoma: EWS/ATF fusion gene, t(12;22)(q13;12)

« Synovial sarcoma: SYT/SSX fusion gene, t(x;18)(p11;q11)

o Liposarcoma: TLS/CHOP10 fusion gene, t(12;16(q13;p11)

o Alveolar rhabdomyosarcoma: PAX3/FKHR fusion gene, t(2;13(q35;q14)

Minimal Redidual Disease (MRD) (sensitivity up to 1 malignant cell in 10° normal cells)

o CML: BCR/ABL fusion gene (especially in cytogenetic complete response: imatinib or IFNa
treatment following allogeneic or autologous hematopoietic transplantation, administration of
donor lymphocytes)

« AML: depending on genotype at initial diagnosis (e.g., AML1/ETO, CBFp/MYHI11, PML/
RARa)

o ALL: depending on genotype at initial diagnosis (especially with Ph'-ALL, but also after trans-
locations of the MLL gene, E2A/PBX), detection of the clonotypical antigen receptor gene
rearrangement

« NHL: depending on genotype at initial diagnosis (e.g., Ig/BCL2), detection of the clonotypical
antigen receptor gene rearrangement

Advantages

o Only small amounts of material required for analysis; no specific fixation necessary

« High sensitivity of PCR-based methods; particularly suitable for the detection of minimal re-
sidual disease

o Compared with cytogenetics, no need for proliferating cells

Disadvantages

« Formalin-fixed samples less suitable due to degradation of nucleic acids

 Analysis of only one molecular marker per assay

« Rigorous quality controls and intricate isolation are necessary measures due to the high sensi-
tivity of PCR-based assays — contamination with foreign material would yield false-positive
results
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AR

Cassinat B, Zassadowski F, Balitrand N et al. Quantitation of minimal residual disease in acute promyelo-
cytic leukemia patients with t(15;17) translocation using real-time RT-PCR. Leukemia 2000;14:324-8
Krauter J, Pascheberg U, Heinze B et al. Detection of karyotypic aberrations in acute myeloblastic leukemia
(AML): a prospective comparison between PCR/FISH and standard cytogenetics in 140 patients with de
novo AML. Br ] Haematol 1998;103:72-8

Perez EA, Pusztai L, Van de Vijver M. Improving patient care through molecular diagnostics. Semin Oncol
2004;31(5 Suppl 10):14-20

Schoch C, Kohlmann A et al. Acute myeloid leukemias with reciprocal rearrangements can be distin-
guished by specific gene expressions profiles. Proc Natl Acad Sci U S A 2002;99:10008-13

Staudt LM. Molecular diagnosis of the hematologic cancers. N Engl ] Med 2003;348:1777-85
Varella-Garcia M. Molecular cytogenetics in solid tumors: laboratorial tool for diagnosis, prognosis, and
therapy. Oncologist 2003;8:45-58

http://jmd.amjpathol.org Journal of Molecular Diagnostics
http://www.acmg.net/ American College of Medical Genetics
http://www.abgc.net/ American Board of Genetic Counseling
http://www.eshg.org European Society of Human Genetics
http://www.eurogene.org/index.php European Genetics Foundation
http://genetics.faseb.org/genetics/acmg/stds/g.htm ACMG Standards and Guidelines
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2.3

Def:

Meth:

Ind:

Gene Expression Analysis using Microarrays

J. Scheele, U. Martens

Simultaneous surveying of the expression of numerous defined genes of the human genome using
microarray technology (biochips). The human genome consists of approximately 40,000 chromo-
somal genes.

Microarrays

Hybridization of fluorescence-marked tumor RNA with defined genetic probes on a glass chip.

« The number of probes varies from several hundred (low-density chips) to several thousand
(high-density chips), depending on the chip. Probes consist of PCR-amplified cDNA frag-
ments (100-3,000 base pairs) or oligonucleotides (25-80 base pairs)

« Hybridization of the sample RNA with the cDNA probe is indicated by a fluorescence signal

« Hybridization results (indicating gene expression patterns) are obtained by automated scan-
ning of the microarray chip

—»@—»

Tumor marked tumor-
Patient tissue cDNA or -cRNA
000000000000 ©00000000000
000000000000 000000000000
3 000000000000 gy 590600003060
000000000000 S00000000000
lolelelelelelele e el ete) @00000000000
000000000000 @00000000000Q
OOBOBO0000 000080000800
marked control- apply on analysis
cDNA or -cRNA microarray chip

Data Analysis

The large amount of data collected (with expression patterns of up to several thousand genes) re-

quires automated evaluation procedures. Analysis of numeric gene expression is carried out using

complex mathematical algorithms, e.g. cluster analysis. Cluster analysis results are presented as:

o “Dendrograms (Cluster Trees)”: tree-like presentation of gene groups with similar expression
patterns (cluster)

o “Heat Maps”: colored matrixes categorized into clusters that indicate gene expression levels of
differentially expressed genes by different shades of color

Microarray analysis is used mainly within the framework of clinical studies; potential applications
in clinical practice are under investigation. Indications:

Identification of Molecular Mechanisms of Tumor Development (» Chap. 1.2)
Elucidation of genetic contexts in tumor development and progression in experimental model
systems. Identification of tumor-specific targets forms the basis for the development of targeted
therapies.
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Diagnosis and Prognosis of Malignancies

In addition to conventional diagnostic techniques (e.g., immunohistology and molecular genetic
markers), global gene expression analysis allows for advanced classification and prognosis evalu-
ation of human neoplasias. In the future, these findings might have an influence on therapeutic
decisions. Clinical studies have proved the importance of genetic profiles (“molecular signature”)
for:

o Acute leukemias: subtyping and risk classification

« Diffuse large cell B-NHL: subtyping and risk classification

o Breast cancer: risk classification

Pharmacogenomics

Gene expression analysis permits predictions about the effectiveness and resistance of pharma-

ceuticals (» Chap. 3.8), which could form the basis for future individualized hematological and

oncological therapy

o The analysis of 95 genes possibly allows for the prediction of chemosensitivity or chemoresis-
tance of imatinib therapy in Ph+ CML and ALL.

Advantages of Gene Expression Analysis:
o Large amount of information due to parallel analysis: mapping of the entire transcriptome of a
cell population

Disadvantages:

o High costs of high-density chips

o Large amounts of data necessitating complex bioinformatic analyses

» For the majoity of tumor types, target genes, expression profiles and prognostic significance
have not been established

1. Baak JPA, Path FRC, Hermsen MAJA et al. Genomics and proteomics in cancer. Eur ] Cancer
2003;39:1199-215

2. Bullinger L, Dohner K, Bair E et al. Use of gene expression profiling to identify prognostic subclasses in
adult acute myeloid leukemia. N Engl ] Med 2004;350:1605-16

3. Ebert BL, Golub TR. Genomic approaches to hematologic malignancies. Blood 2004;104:923-32
Hubank M. Gene expression profiling and its application in studies of haematological malignancy. Br J
Haematol 2004;124:577-94

5. Quackenbush J. Microarray analysis and tumor classification. N Engl ] Med 2006; 354:2463-72
Ramaswamy S, Ross KN, Lander ES et al. A molecular signature of metastasis in primary solid tumors. Nat
Genet 2003;33:49-54

7. Rosenwald AR, Wright G, Chan WC et al. The use of molecular profiling to predict survival after chemo-
therapy for diffuse large-B-cell lymphoma. N Engl ] Med 2002;346:1937-47

8. Vande Vijver MJ, He YD, van't Veer L] et al. A gene-expression signature as a predictor of survival in
breast cancer. N Engl ] Med 2002;347:1999-2009

1. http://dc.nci.nih.gov/dc/ NCI, Molecular Classification of Cancer
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Tumor Markers

R. Engelhardt, S. Fetscher, F. Otto

Tumor markers are cellular products of malignant tumor tissue, which can be detected in periph-
eral blood and other body fluids. “Tumor markers” in a narrower sense are soluble antigens, hor-
mones, or enzymes which are produced by solid tumors and can be detected in circulating blood.

Tumor Products

o Tumor-associated antigens: AFP, CEA, CA 19-9, CA 15-3, CA 125

o Hormones: gastrin, calcitonin, insulin, BHCG, catecholamines, VIP

« Enzymes: NSE, PSA, LDH

o Serum proteins: immunoglobulins, Bence Jones protein, thyroglobulin

Tumor-induced Markers
o Acute phase proteins: ferritin, haptoglobin, $,-microglobulin, a,-globulin
o Enzymes: AP, yGT, LDH, GOT, GPT, CK

Tumor marker serum levels are affected by:

« Tumor parameters: tumor weight, metabolic activity, marker release due to active secretion /
necrosis / apoptosis, tumor perfusion / vascularization

o Therapy: effective treatment may cause transient marker release due to oncolysis (DD: tumor
progression under therapy), followed by marker level decrease / normalization

o Metabolic parameters: raised levels in connection with renal insufficiency, liver insufficiency,
and cholestasis

o Test methods: tumor marker test results can vary depending on the method applied — incon-
sistent reference values with different tests (esp. with CEA and CA 19-9), limited reproduci-
bility with different methods

Due to low sensitivity and specificity, tumor marker analysis tends to be of limited clinical conse-

quence. Specific indications for their use are therefore required. Usually, tumor markers are:

o Unsuitable for screening of asymptomatic patients (except PSA in connection with rectal digi-
tal examination and sonography in men over 50 years of age)

o Unsuitable for primary tumor diagnosis

o Unsuitable for proving malignancy in organ abnormalities (except BHCG detection or high
AFP levels in men)

o Potentially suitable for assessment of risk groups or symptomatic patients

o Suitable in individual cases for prognostic evaluation (CEA in colorectal carcinoma, AFP and
BHCG in germ cell tumors, B,-microglobulin in multiple myeloma)

Tumor marker analysis is mainly used for treatment evaluation and follow-up of treated patients for

better or earlier determination of tumor response (relapse, metastasis).

o Increase in tumor markers may be detectable several months before occurrence of clinical
symptoms

« Clinically relevant conclusions may be derived from tumor marker kinetics, not individual
values

Whether tumor marker analysis is indicated depends on the clinical relevance. For example:

o AFP and BHCG in germ cell tumors are meaningful due to therapeutic relevance.

« CA 19-9 in metastatic pancreatic carcinoma is of limited value — in palliative situations, the
approach is determined primarily by clinical symptoms. Here, tumor marker analysis is not
required.
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Tumors and “associated markers”

Tumor First-choice markers

Other markers (only indi-
cated in individual cases)

Bronchial carcinoma CEA, NSE CA 15-3, SCC, CYFRA 21-1
Biliary tract carcinoma CA19-9 CEA, CA 125

ENT tumors CEA SCC

Insulinoma Insulin -

Carcinoid HIAA -

Germ cell tumors AFP, BHCG NSE

Colorectal cancer CEA CA 19-9

Hepatic carcinoma AFP CEA, CA 19-9, CA 125
Gastric carcinoma CA 19-9 CEA, CA 72-4

Breast cancer CA 15-3 CEA, CA 125
Esophageal cancer CEA SCC

Ovarian cancer CA 125 CEA, CA 15-3, CA 19-9
Pancreatic carcinoma CA 19-9 CEA, CA 125
Pheochromocytoma Catecholamines Vanillylmandelic acid
Plasmocytoma Immunoglobulins B2-MG

Prostate cancer PSA PAP

Thyroid carcinoma TG, calcitonin CEA, NSE

Recommended Time Points for Tumor Marker Analysis

Preoperatively

Postoperatively: 2-10 days after surgery, then every 3 months, from third year on: every
6 months

Before changing treatment

In case of clinically suspected relapse or metastasis, or before continuing treatment of tumors
that cannot be measured with imaging techniques

Restaging

14-30 days after first detection of increased tumor marker levels

Brawer MK. Prostate-specific antigen: current status. CA Cancer J Clin 1999;49:264-81

Gion M, Mione R, Barioli P et al. Dynamic use of tumor markers: rationale, clinical applications and
pitfalls. Anticancer Res 1996;16:2279-84

Locker GY, Hamilton S, Harris J et al. ASCO 2006 Update of recommendations for the use of tumor mark-
ers in gastrointestinal cancer. ] Clin Oncol 2006;24:5313-27

Rapkiewicz AV, Espina V, Petricoin EF et al. Biomarkers of ovarian tumours. Eur ] Cancer 2004;40:2604—
12

Scher HI, Eisenberger M, D’Amico AV et al. Eligibility and outcomes reporting guidelines for clinical trials
for patients in the state of a rising prostate-specific antigen. Recommendations from the PSA Working
Group. ] Clin Oncol 2004;22:537-56

Solétormos G, Nielsen D, Schioler V et al. Monitoring different stages of breast cancer using tumour mark-
ers CA 15-3, CEA and TPA. Eur J Cancer 2004;40:481-6

ASCO Tumor Marker Guidelines
Oncolink, Tumor Marker Fact Sheet
Tumor Marker Fact Sheets

http://www.asco.org
http://oncolink.upenn.edu/
http://cancernet.nci.nih.org/
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Dg:

CD Antigens and Immunocytological Diagnosis

D. Behringer, E. Juttner, J. Burger, M. Burger

CD Antigens

Surface antigens which have been designated “clusters of differentiation” (CD). International
workshops periodically update the systematization of antigens on hematological cells and anti-
bodies suitable for their detection. The objective is to group antibodies which recognize the same
antigens into clusters, thereby providing an essential classification for diagnostic and therapeutic
purposes. So far, a total of 350 cell surface antigens are classified in the CD nomenclature. The
function of some of the identified antigens is not known. CD classification forms the basis of im-
munocytological diagnosis.

Immunocytology
Identification of membrane and intracytoplasmic molecules (antigens) on and in different cell
types using specific antibodies.

Besides cytology and cytochemistry, immunocytology is an established complementary method
in the diagnosis of leukemias and lymphomas. Immunological information is incorporated in the
REAL and WHO classifications of lymphomas (» Chap. 7.5) and in the French-American-British
Group (FAB) classification of leukemias (» Chap. 7.1). Interpretation of immunocytological find-
ings is based on the knowledge of the antigen expression patterns of normal cells.

Indications

o Acute leukemias: essential for primary diagnosis; follow-up only with “informative pheno-
type” (i.e., if the immunocytological findings give clear information)

« Lymphomas: non-Hodgkin’s lymphomas, hairy cell leukemia, plasmacytoma

« Myeloproliferative syndrome (MPS)/myelodysplastic syndrome (MDS): characterization of
blasts in the development of acute leukemia

o Organ infiltration by epithelial tumor cells: detection of cytokeratin-positive cells. The prog-
nostic value of “minimal tumor infiltration” (TNM stage M(i)) of the bone marrow is under
debate

o Cellular immune defect constellations

« Quantification of hematopoietic progenitor cells (CD34")

o Paroxysmal nocturnal hemoglobinuria (PNH)

Suitable Samples

o Peripheral blood (e.g., in EDTA)

o Lymph node aspirate or biopsy (in 0.9% saline, room temperature)
o Bone marrow aspirate (e.g., in 0.25% EDTA, 0.9% saline)

« Body fluids (at least 50 ml, in EDTA tubes)

o Liquor (atleast 5 ml, in plain sterile tube)

o Other aspirates, e.g., from skin (in 0.9% saline, with EDTA)

Immunocytological Analysis

o Quality / informative value of the analysis greatly depends on the promptness of sample pro-
cessing — transportation of samples immediately after collection. Generally, samples have to
be processed within 24 h.

o Immunocytological analysis is usually carried out with fluorochrome-labeled antibodies and a
flow cytometer. A limited number of cells (e.g., liquor, lymph nodes, organ aspirates, detection
of epithelial cells in tissues) require immunocytological staining of single cells on a slide.

« Immunocytological methods (use of unfixed cells) can make use of a larger antibody panel
than immunohistochemistry (use of formalin-fixed cells, paraffin embedding).

For an appropriate interpretation of immunocytology additional diagnostic test results and
the clinical picture generally have to be taken into account.

51



Part 2 Special Diagnostics

Acute Leukemias

Objectives of Inmunophenotyping of Acute Leukemias

Acute leukemias are classified according to the recommendations of the European Group for the

Immunophenotyping of Leukemias (EGIL).

o Classification: myeloid versus lymphatic, subgroups of AML and ALL (» Chap. 7.1)

o Definition of prognostically relevant subtypes, especially in B-lymphatic leukemia, less estab-
lished in AML

o Follow-up for the detection of residual leukemia cells (minimal residual disease, no routine
test as yet)

Classification of acute lymphatic leukemias

Type Criteria

B-lymphocytic? > 2 positive markers: CD19+, CD79a+, CD22+
Pro-B-ALL B-I No other positive B-cell markers

Common ALL (c-ALL) B-II In addition: CD10+

Pre-B-ALL B-1II In addition: cytoplasmic IgM+

Mature B-ALL B-IV Cytoplasmic / membranous, kappa+ or lambda+
T-lymphocytic® Cytoplasmic or membranous CD3+

Pro-T-ALL T-1 CD7+

Pre-T-ALL T-1I CD2+ / CD5+ / CD8+

Cortical T-ALL T-1II CDla+

Mature T-ALL T-IV Membranous CD3+ and CD1la-

/B T-ALL T-Va TCRa/p

y/8 T-ALL T-IVb TCRy/8

ALL with myeloid markers My+ ALL  Coexpression of 1-2 myeloid markers; however, no

sufficient criteria for biphenotypic acute leukemia

2 Usually TdT+ (except B-IV)
b Usually TdT+, HLA-DR-, and CD34-

Classification of acute myeloid leukemias

Type FAB  Criteria

Myelomonocytic - - > 2 positive markers: myeloperoxidase,
CD13, CD33, CD65, CD117

Erythocytic, immature - M6 Immunophenotypically non-classifiable

Erythrocytic, mature - M6 Glycophorin A positive

Megakaryocytic - M7 CD41+ and/or mCD61+ / cyCD61+

Poorly differentiated AML MO-AML MO Peroxidase / esterase / CD3 / CD79a /
CD22 negative

TdT-positive AML Tdt* AML - TdT*

AML with lymphatic markers ~ AML - Coexpression of 1-2 lymphatic mark-
ers; no criteria for biphenotypic acute
leukemia
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Biphenotypic acute leukemias (BAL)

Points B-cells T-cells Myeloid cells
2 CD79a, cylgM, cyCD22 mCD3, cyCD3, TCRa/B,  Myeloperoxidase, (lyso-
TCRy/d zyme)
1 CD10, CD19, CD20 CD2, CD5, CD8, CD10 CD13, CD33, CD65
0.5 TdT, CD24 TdT, CD7, CDla CD14, CD15, CD64,
CD117

BAL is defined as > 2 points for myeloid cells and > 1 point for lymphatic cells. Each positive marker results in
corresponding points

Undifferentiated Acute Leukemias
Rare subgroup of acute leukemias which cannot be further classified using the above mentioned
criteria. Usually CD34*, HLA-DR*, CD38*, and CD7".

Leukemic Lymphomas

Neoplastic lymphocytes and secondary (reactive) lymphatie proliferation are distinguished by:
o Detection of monoclonality (kappa or lambda light chain restriction)
o Overexpression or absence of markers (mature T-cell leukemias)

Diagnosis of a specific disease / lymphoma is only possible in conjunction with the morphology
and the clinical constellation. However, preliminary data with an immunophenotypic grading sys-
tem have shown that particularly for distinguishing CLL from other leukemic B-cell lymphomas,
immunophenotypic classification is highly consistent with the clinical diagnosis.

Classification of leukemic B-cell lymphomas

Antigen  Diagnosis

CLL PLL HCL FL MCL LPIC SLVL PCL
CD5 +++ +w = = +++ - + -
CD10 S = S ++ S S + S
CDl1l1c ++w + +++s = = + + =
CD19 +++ +++ +++ +++ +++ +++ +++ S
CD20 +++ +++ +++ +++ +++ +++ S =
CD23 +++ + S + S + + S
CD38 - - +w +w - ++ + +++5
CD103 S = +++s = S S + S
FMC7 +w +++ +++ +++ +++ + +++ =

CLL chronic lymphatic leukemia, PLL prolymphocytic leukemia, HCL hairy cell leukemia, FL follicular
lymphoma, MCL mantle cell lymphoma, LPIC lymphoplasmacytoid immunocytoma, SLVL splenic lymphoma
with villous lymphocytes, PCL plasma cell leukemia, — no antigen expression, + antigen expression in < 50%
of cases, ++ antigen expression in > 50% of cases, +++ full antigen expression, w weak antigen expression, s
strong antigen expression
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Classification of leukemic T-cell lymphomas

Antigen  Diagnosis
T-PLL SS / MF LGLL Adult TCL

TdT - - - -
CDla - - - -
CD2 +++ +++ +++ +++
CD3 +++ +++ +++ +++
CD4 + +++ + +++
CD5 +++ +++ +++ +++
CD7 +++ = + +
CD8 + - ++ -
CD25 = = = +++
CD56 - - ++ -
CD57 = = ++ =
HLA-DR - - - +

T-PLL T-prolymphocytic leukemia, SS / MF Sézary’s syndrome / mycosis fungoides, LGLL large granular
lymphocyte leukemia, TCL T-cell leukemia, — no antigen expression, + antigen expression in < 50% of cases,
++ antigen expression in > 50% of cases, +++ full antigen expression, w weak antigen expression, s strong
antigen expression

CD antigens and non-classified antigens

Antigen Normal cellular Comments
reactivity
CD1 Gp49 Thymocytes, DC, B Immature T-cell
(sub) marker
CD2 Gp50, LFA-3 ligand T, NK (sub) T-cell marker
CD3 T-cell receptor associ- T T-cell marker
ated
CD4 MHC class I receptor, T (sub), mono, my- Helper T-lymphocytes
HIV receptor eloid precursor
CD5 T, B (sub) T-cell marker, typical
for B-CLL
CD7 40 kDa protein T, NK, myeloid pre-
cursor (sub)
CD8 MHC class I receptor T (sub), NK (sub) Cytotoxic or suppres-
(gp32) sor T-cells
CD9 P24 Mono, thrombocytes,
pre-B
CD10 Gp100, common acute  B- and T-precursors, Typical c-ALL marker
leukemia antigen neutrophils
(CALLA)
CD11b Gp155/95, C3bi Mono, macrophages,
receptor neutrophils, NK

B B-lymphocytes, DC dendritic cells, Mono monocytes, NK natural killer cells, Sub subpopulation, T T-lym-

phocytes
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CD antigens and non-classified antigens (continued)

Antigen

Normal cellular
reactivity

Comments

CDl1c

CD13
CD14

CD15
CD16

CD19
CD20
CD21
CD22
CD23

CD24

CD25

CD30

CD33

CD34

CD38

CD40
CD41
CD43
CD44

CD45

CD54

CD55

CD56

CD57
CD59
CDe61

Gp150/95, adhesion
molecule

Aminopeptidase N
Gp55

X hapten
FcyRII, gp50-65

Gp95

p37/32

C3d/EBV receptor
Gp135

FcyRIL, low-affinity
IgE receptor

Gp41/38

IL-2 receptor (a chain)
Ki-1

67 kDa glycoprotein

105-120 kDa glyco-
protein

45 kDa protein

Gp50

GPIIb/IIIa, GPIIb
Leukosialin, gp95
Pgp-1, gp 80-95

Leukocyte common
antigen

Intercellular adhesion
molecule

Decay accelerating
factor

Gp220/135, isoform of
NCAM

HNK1
Prolectin

Integrin B3, Thr
GPIIIa

Mono, neutrophils,
NK, B (sub)

Mono, neutrophils

Mono, (neutrophils)

Neutrophils, (mono)

NK, neutrophils,
mono (sub)

B
Mature B
B (sub)
B

B (sub)

B, T (activated), neu-
trophils

T (activated), B (acti-
vated)

T

Mono, progenitor
cells, neutrophils

Myeloid / lymphatic
progenitors

T / B (activated), B
(sub), plasma cells

B

Thrombocytes

T, neutrophils

T, neutrophils, eryth-

rocytes
Leukocytes

Activated cells

Various cell types

NK, activated lympho-

cytes
NK, T, B (sub)
Various cell types

Thrombocytes

Strongly expressed in
hairy cell leukemia

Myeloid marker

LPS receptor, mono-
cyte marker

Myeloid marker

B-cell marker

Mature B-cell marker

B-cell marker
B-CLL marker

Hodgkin’s cells and
Ki-1 NHL

Myeloid marker

stem cell marker

Leukocyte marker

May be absent in PNH

B B-lymphocytes, DC dendritic cells, Mono monocytes, NK natural killer cells, Sub subpopulation, T T-lym-

phocytes
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CD antigens and non-classified antigens (continued)

Antigen Normal cellular Comments
reactivity
CD64 FcyRI, gp75 Mono
CD65 Ceramide dodecasac- Neutrophils, (mono) Line-specific myeloid
charide marker
CD68 Gpl110 Macrophages
CDé69 Gp32/28 Activated B, activated
T
CD71 Gpl10 Proliferating cells,
macrophages
CD79a Ig-a/Mb-1, part of B (immature, cyto- B-cell marker
B-cell receptor plasmic)
CD79% Part of B-cell receptor B (mature) B-cell marker
CD103 Receptor for E-cad- Lymphocytes, B (sub),  Characteristic of hairy
herin (HML-1) activated T cell leukemia
CD117 c-kit, stem cell factor Myeloid precursor
receptor
CD138 Syndecan-1 Plasma cells, epithelial ~ Plasma cell marker
cells
FMC-7 105 kDa glycoprotein B (mature)
HLA-DR Part of MHC-II B, activated T, mono,
complex precursor
Glycophorin A Sialinic acid-rich Erythrocytes, pro- Erythroid marker
polypeptide erythroblasts
Lactoferrin Lactoferrin Granulocytes, mature Marker for mature
myeloid cells myeloid cells
Myeloperoxidase ~ Myeloperoxidase Neutrophils, (mono), Myeloid marker
cytoplasmic
Lysozyme Lysozyme Mono, cytoplasmic Monocytic marker
only
TdT Terminal deoxynucle-  Lymphoid T- and B-
otidyl transferase precursor
TCRa/f a/p chains of the 95% of all T
T-cell receptor
TCRy/d y/8 chains of the T-cell 5% ofall T
receptor
Kappa Ig light chain type B (sub, membranous)
kappa
Lambda Ig light chain type B (sub, membranous)
lambda
Ig p chain IgM heavy chain B
Cytokeratin Epithelial cells Cytoplasmic epithelial
cell marker
HEA Human epithelial Epithelial cells Membrane-bound

antigen

epithelial marker

B B-lymphocytes, DC dendritic cells, Mono monocytes, NK natural killer cells, Sub subpopulation, T T-lym-
phocytes
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2.5 CD Antigens and Immunocytological Diagnosis

Ref:

Web:

10.

Bene M, Castoldi G, Knapp W et al. Proposals for the immunological classification of acute leukemias.
Leukemia 1995;9:1783-6

Bennett ], Catovskz D, Daniel M et al. Proposed revised criteria for the classification of acute myeloid
leukemias. Ann Intern Med 1985;103:626-9

Cheson B, Cassileth P, Head D et al. Report of the National Cancer Institute-sponsored workshop on
definitions of diagnosis and response in acute myeloid leukemia. J Clin Oncol 1990;8:813-9

Gratama JW, Sutherland DR, Keeney M. Flow cytometric enumeration and immunophenotyping of hema-
topoietic stem and progenitor cells. Semin Hematol 2001;38:139-47

Harris NL, Jaffe E, Stein H et al. A Revised European-American Classification of lymphoid neoplasms: a
proposal from the International Lymphoma Study Group. Blood 1994;84:1361-92

Harris NL, Jaffe ES, Diebold J et al. World Health Organization classification of neoplastic diseases of the
hematopoietic and lymphoid tissues: report of the Advisory Committee meeting, Airlie House, Virginia,
November 1997. ] Clin Oncol 1999;17:3835-49

Mason D et al (eds). Leucocyte Typing VII. Oxford University Press, 2001

Stetler-Stevenson M, Braylan RC. Flow cytometric analysis of lymphomas and lymphoproliferative disor-
ders. Semin Hematol 2001;38:111-23

Vardiman J, Harris NL, Brunning RD; the World Health Organization (WHO) classification of the myeloid
neoplasms. Blood 2002;100:2292-2302

Zola H, Swart B, Nicholson I et al. CD molecules 2005: Human cell differentiation molecules. Blood
2005;106:3123-3126

http://image.bloodline.net/ Picture Atlas, Bloodline
http://www.hlda8.org HLDA Workshop
http://mpr.nci.nih.quv/prow Flow Cytometry Database
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HLA System and MHC

C. Griillich, L. Houet, J. Finke

MHC = Major Histocompatibility Complex
HLA System = Human Leukocyte Antigen System, human MHC

The MHC is an array of highly polymorphic genes whose products (polymorphic membrane gly-
coproteins) are expressed on a multitude of cells. These are important for the immunological dis-
tinction of self (endogenous) and non-self (exogenous). The HLA system, the human MHGC, is
located on the short arm of chromosome 6 (region 6p21.31) and comprises approximately 200
genes divided into three classes. More than 40 genes of class I and class IT encode for the classic
histocompatibility antigens.

Structure of MHC antigens

peptide binding sites

1 |

o2 ol al B1

o3 U p2m a2 p2

i ReeRRaeeanReen e
888, BLLLEBEUELEERY 888

MHC class | MHC class Il

HLA Class | Antigens (MHC Class 1)

Classic types: HLA-A, -B, -C (serologically defined)

Others: HLA-E (T-lymphocytes), HLA-F, HLA-G (extravillous trophoblasts), HLA-H, HLA-J
(unknown function)

Expression: nucleated cells, especially cell types holding immunological function. Low expres-
sion on endocrine and mesenchymal cells (fibroblasts, neurons, myocytes). No expression on
sperm cells and placental trophoblasts

Structure: heavy a-chain (44 kDa), non-covalently attached to f2-microglobulin. Three extra-
cellular domains, a transmembranous region, and an intracellular component. The two outer
domains of the a-chain are binding sites for specific antigens (peptides of 8-10 amino acids)

HLA Class Il Antigens (MHC Class 1)

Classic types: HLA-DR, -DQ, -DP

Others: HLA-DM, -DO, molecular chaperones mediating the binding of peptides to MHC
molecules in the context of antigen presentation

Expression: constitutively expressed on B-cells, activated T-cells, macrophages, dendritic cells,
and thymic epithelial cells. Cytokine (TNF, IFNy)-induced expression on mononuclear phago-
cytes, endothelial and epithelial cells

Structure: heterodimers, heavy a-chain (33 kDa) and light f-chain (29 kDa). Both chains ex-
hibit two extracellular domains (al, a2 and B1, f2), a transmembranous region, and an intra-
cytoplasmic region. The binding site is open on both sides, consequently allowing attachment
of peptides of variable length (15-25 amino acids)

HLA Class Il

Historic term. Genes of class III do not code for histocompatibility antigens but mostly for
soluble molecules (complement system, tumor necrosis factor a and B, cytochrome P450,
HSP 70) which have a function in antigen processing



2.6 HLA System and MHC

Meth:

Phys:

Dg:

Population Genetics of HLA Antigens:

o Location of HLA genes on chromosome 6, recombinations are very rare.

« Each individual carries two alleles of every HLA locus, the expression is codominant. If the
two alleles differ, the individual is “heterozygous” in relation to this locus. If they are identical,
the individual is “homozygous”

« Children inherit one paternal and one maternal haplotype of HLA genes each; hence, regard-
ing HLA characteristics, siblings can be fully identical (theoretical probability 25%), haploi-
dentical (50%), or not identical (25%)

Nomenclature of HLA Antigens

« The notation of the HLA phenotype usually considers the HLA groups A, B, C, and DR, e.g.,
HLA-A1,2;B45,44;Cw4,6;DR1,7

« The notation of the HLA genotype is based on patterns according to the parental antigens, e.g.,
HLA-A1,B33,Cw6,DR1 / A2,B35,Cw4,DR7

o The antigen names are a combination of the gene locus (e.g., DQ-B1) and the allele number
(e.g., 03-03). The allele number comprises four digits indicating major group and subgroup. A
sometimes present fifth digit indicates a silent mutation which does not cause changes in the
amino acid sequence (e.g., DQB1*03031)

The remarkable allele polymorphism of the HLA genes concentrates on the region of the antigen
binding site and hence has decisive influence on antigen presentation. It is of central importance
in regulating the immune system by contributing to the differentiation between “self” and “non-
self” and molding the development of a mature T-cell repertoire

In contrast to B-lymphocytes, T-lymphocytes do not recognize antigens in their free, soluble form,
but only as peptides attached to a certain MHC molecule on the cell surface (“MHC Restriction”).
The MHC-antigen complex specifically interacts with the T-cell receptor (TCR)

Antigen Presentation

In principle, antigenic material can derive from exogenous (e.g., bacterial antigens) and endog-

enous (e.g., intracellularly synthesized viral proteins, tumor antigens, self-peptides) sources. Pro-

cessing and presentation of both types of antigen differ:

o Exogenous antigens: phagocytically incorporated by antigen presenting cells. After fusion of
phagosomes with lysosomes, the native protein is degraded with the aid of cellular proteases.
In the endoplasmic reticulum (ER), attachment of the peptide to MHC class II molecules takes
place. The peptide-MHC II complex is expressed on the cell surface and recognized by CD4+
T-cells

o Endogenous antigens: processing of endogenous antigens (after prior “ubiquitination,” i.e.,
binding to ubiquitin) in the proteasome. Transport of the processed peptides into the ER (with
the help of the TAP1/TAP2 heterodimer), where they are linked with de novo-synthesized
HLA class I and {,-microglobulin molecules. The peptide-MHC I complex is transported to
the cell surface via the Golgi apparatus, where it is specifically recognized by CD8+ T-cells

HLA Typing

Analysis of the expression of HLA antigens by:

o Conventional serology: usage of monoclonal antibodies or HLA-specific alloantisera (comple-
ment-dependent lymphocytotoxicity test). Primarily used for typing the major groups HLA-A
and -B, low resolution. Serological methods depend on expression of MHC molecules on the
cell surface and fail in case of non-vital cells or low MHC expression

o Molecular typing methods based on PCR utilize sequence-specific primers (“PCR-SSP”) and
oligonucleotides (“PCR-SSO”), respectively, for low / medium / high resolution

« DNA sequencing of HLA loci for detection of individual alleles. Molecular biological methods
of typing are better reproducible and should generally be used for typing HLA class IT and
HLA-C

o Mixed lymphocyte culture (MLC) for analysis of donor-recipient differences of class II genes

o A choice of HLA alleles currently differentiable via serological and molecular biological tech-
niques can be accessed via the following address: www.worldmarrow.org
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Indications for HLA Typing
HLA antigens/MHC molecules play an important role in:

Typing and choosing recipient and donor in case of allogeneic bone marrow or blood stem cell
transplantation (» Chap. 5.3). Especially relevant for transplantation are the four HLA groups
A, B, DR, and DQ

Typing and choosing recipient and donor in case of organ transplantation (heart, kidney, etc.)
Transfusion: HLA-matched substitution of thrombocytes in case of sensitization against for-
eign HLA class I molecules

Characterization of antigen-specific cellular response of the immune system (T-cell re-
sponse).

Cellular immunotherapy: active specific immunotherapy in tumor patients (malignant mela-
noma, bladder carcinoma, etc.) with defined HLA / tumor antigens in the framework of clini-
cal studies

Forensics: e.g., paternity testing

Disease association: association of specific HLA genotype and/or phenotype with certain dis-
eases (e.g., ankylosing spondylitis HLA-B27, Reiter’s disease HLA-B27, idiopathic hemochro-
matosis HLA-A 3, chronic hepatitis HLA-B B35, narcolepsy HLA-DR15-DQ6, diabetes mel-
litus type I HLA-DR4, rheumatoid arthritis HLA-DR4, psoriasis vulgaris HLA-Cw6)

Fisch P, Moris A, Rammensee HG et al. Inhibitory MHC class I receptors on gammadelta T cells in tumour
immunity and autoimmunity. Immunol Today 2000;21:187-191

Godsell DS. The molecular perspective: MHC. Oncologist 2005;10:80-1

Klein J, Sato A. The HLA System. N Engl ] Med 2000;243:702-9, 782-6

Marsh SG, Bodmer JG, Albert ED et al. Nomenclature for factors of the HLA system, 2000. Tissue Anti-
gens 2001;57:236-83

http://www.ashi-hla.org/ American Society for Histocompatibility and Immunogenetics
http://www.ihwg.org/ International Histocompatibility Working Group
http://www.worldmarrow.org WMDA, World Marrow Donor Association



3.1 Basic Principles of Chemotherapy

3.1

Pharm:

Basic Principles of Chemotherapy

D.P. Berger, R. Engelhardt, H. HenB

Pharmacokinetics and pharmacodynamics. Fundamental terms and influencing variables in appli-
cation, distribution, metabolism, and elimination of cytostatic drugs

application | | distribution and metabolism | | elimination |
Lenterohepatic circulation®

: |

gastrointestinal liver bilia
tract - metabolism Y
oral > . metabolism . first pass-effect” » excretion
- resorption . activation l
- oral bioavailability - deactivation faeces
circulation, intravascular compartment
i. v. »{ - intravascular metabolism
- plasma protein binding
L1 1
i. m. local distribution kidney
.s'tfl' | - metabolism - filtration '— renal
. th. - resorption - secretion elimination
.p. - reabsorption
intracavitary
Pharmacokinetics
Pharmacodynamics v

tissue, extravasal compartment
- distribution
- membrane permeability, lipophilicity

1!

intracellular compartment
» metabolism, activation, deactivation
- interaction with targets
(DNA/ RNA/ proteins, others)

|tissue distribution and cellular metabolism
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Ma: Targets of clinically used cytostatic drugs

Purmes‘ Purine antagonists
6-MP, 6-TG, MTX

99,
Pyrimidines Pyrimidine antagonists
€ 5FU, Ralfitrexed, MTX

\ @
Ribonukleotide-
reductaseinhibitor
Hydroxyurea

Nucleic acids

DNA-
Poly— @ Polymerase inhibitor

merases Cytarabine

DNA-Alkylants,
Intercalation
N-Lost-derivates
Nitrosoureas
Oxazaphosphorines,
Platinum derivates, Dacarbazine,
Thiotepa, Procarbazine,
Amsacrine, Treosulfane,
Mitomycin C, Anthra-
cyclines, Mitoxantrone

DNA

RNA

Topoisomerase-
inhibitors
Etoposide, Teniposide,
Anthracyclines,
Mitoxantrone,
Irinotecan, Topotecan

< Protein degradation
L-Asparaginase,
Alkyllysophospholipids

Protein

Inhibitors of mitosis
<€ Vinca-Alkaloids,
Taxanes

Mitosis

Topo topoisomerases, MP mercaptopurine, TG thioguanine, MTX methotrexate, FU fluorouracil
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Cell cycle and phase specifity of cytostatic drugs

not cell cycle specific

G2-/M-phase Nitrosoureas
Bleomycin M
Irinotecan, Topotecan Mitosis
Taxanes
Vinca-alkaloids rest
Go
S-/G2-phase Gy Gt <.J
Anthracyclines RNA/Protein-
Amsacrine, mitoxantrone Synthesis G1-phase
Etoposide, Temiposide Asparaginase
alkylating agents, Thiotepa DNA
Synthesis
S-phase S G1 —{S—phase
Oxazaphosphorines Piatin um comp ounds
Cytarabine, 6-MP Gemitabine
6-TG, MTX, 5-FU Mitomycin C
Hydroxyurea

MP mercaptopuine, TG thioguanine, MTX methotrexate

Mechanisms of Resistance

Resistance to cytostatic drugs limits the effect of chemotherapy. Types of resistance:

o Primary resistance (“a priori resistance”): pre-existing resistance against certain compounds
o Secondary resistance: acquired resistance following chemotherapy

Specific Mechanisms of Resistance

o “Multidrug resistance (MDR)” via P-glycoprotein (P170, membrane protein, 170 kDa): ATP-
dependent transport of naturally occurring toxins out of the cell — inhibition of effect of an-
thracyclines, vinca alkaloids, taxanes, epipodophyllotoxins. Physiological expression of P170
in gastrointestinal tract, biliary ducts, kidney. Induction of expression in malignant cells by
cytostatics.

o Topoisomerase II resistance due to changes of the target molecule DNA-topoisomerase II —
reduced effect of epipodophyllotoxins and anthracyclines.

o Antimetabolite resistance: altered expression of target enzymes (e.g., thymidylate synthase TS,
dihydrofolate reductase DHFR) — reduced effect of 5-FU, methotrexate, etc.

o Glutathione (GSH) and glutathione-S transferase (GST): reduced glutathione and GST contrib-
ute to intracellular detoxification of alkylating agents and platinum compounds — reduced
effect caused by increased intracellular GSH levels or increased expression of GST.

o O°-Alkyltransferase (AT): DNA-repairing enzyme, corrects alkylation of O® position of gua-
nine induced by nitrosoureas — reduces effect of carmustine, lomustine, nimustine.
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Mechanisms of cytoplasmic effect and resistance

Extracellular space Cytoplasmatic space

Uptake Activation 1
(aocrtg/%br:ig%)ort Activation Apoptosis modulation
(intracellular, bcl-2, bax, p53 etc.
C hepatic etc.)
blndlng to target
C (——> efficacy
\ cell death, apopt03|s)
Intra-
C nuclear space
P-Glycoprotein
Changes of /

target molecule

Repair
mechanisms
a Inactivation I
EI|m|nat|ont Cytochrome
P-Glycoprotein Glucuronidation etc.
GST etc.
v C; __
Inactivation
Elimination (intracellular,
(active transport hepatic etc.)
or diffusion)

C cytostatic, Ca active metabolite, Ci inactive metabolite, black cellular pharmacokinetic effec, red resistance
mechanisms

Ref: 1. Anderson CM. Drug profiles. In: Perry MC, Anderson CM, Doll DC et al. (eds) Companion Handbook to
the Chemotherapy Sourcebook, 2nd edn. Lippincott Williams & Wilkins, Philadelphia, 2004, pp 419-72
Chauncey TR. Drug resistance mechanisms in acute leukemia. Curr Opin Oncol 2001;13:21-6

3. Egorin MJ. Overview of recent topics in clinical pharmacology of anticancer agents. Cancer Chemother
Pharmacol 1998;42(Suppl):22-30

4. Fischer DS, Knobf MT, Durivage HJ et al. The Cancer Chemotherapy Handbook. Mosby, Philadelphia,
2003, pp 48-241

5. Rowinsky EK. The pursuit of optimal outcomes in cancer therapy in a new age of rationally designed
target-based anticancer agents. Drugs 2000;60(Suppl 1):1-14

6.  Skeel RT. Antineoplastic drugs and biological response modifiers. Classification, use and toxicity of clini-
cally useful agents. In: Skeel RT (ed) Handbook of Cancer Chemotherapy, 6th edn. Lippincott Williams &
Wilkins, Philadelphia, 2003, pp 53-156

Web: 1. http://www.druginfonet.com/ Drug Information, Information on Antineoplastic Agents

http://www.meds.com/DChome.html  Information on cytostatics
3. http://chemfinder.cambridgesoft.com  Chemical Data Base
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3.2 Cytostatic Drugs

Cytostatic Drugs

D.P. Berger, R. Engelhardt, H. HenB

Substance class Group Compound Abbreviation /
synonym
Alkylating agents Nitrogen mustard Busulfan BUS, BU
derivatives Chlorambucil CBL
Melphalan L-PAM, MPL
Bendamustine BM
Nitrosourea deriva- Nimustine ACNU
tives Carmustine BCNU
Lomustine CCNU
Oxazaphosphorines Cyclophosphamide CY, CTX
Ifosfamide IFO
Trofosfamide
Platinum derivatives Cisplatin CDDP, DDP
Carboplatin CBCDA
Oxaliplatin
Triazine Altretamine HMM
Tetrazines Dacarbazine DTIC
Temozolomide
Aziridines Thiotepa
Other Amsacrine AMSA, m-AMSA
Estramustine phos-
phate
Procarbazine PBZ
Treosulfan TREO
Antibiotics Anthracyclines Daunorubicin DNR
Doxorubicin Adriamycin, ADR,
DXR
Epirubicin EPI
Idarubicin IDA
Anthracenediones Mitoxantrone MITOX
Other Actinomycin D Dactinomycin,
DACT, ActD
Bleomycin BLEO
Mitomycin C MMC
Antimetabolites Antifolates Methotrexate MTX
Raltitrexed
Pemetrexed
Purine antagonists 6-Mercaptopurine 6-MP
6-Thioguanine 6-TG

aRNR ribonucleoside reductase
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Substance class Group Compound Abbreviation /
synonym
2’-Deoxycoformycin  Pentostatin, DCF
Fludarabine phos- F-Ara-ATP
phate
2-Chlorodeoxy- 2-CDA, cladribine
adenosine
Pyrimidine antagonists 5-Fluorouracil 5-FU
Capecitabine
Cytosine arabinoside ~ Cytarabine, AraC
Difluorodeoxycyti- Gemcitabine,
dine DFDC
UFT Tegafur-uracil
RNRe® inhibitors Hydroxyurea Hydroxycarbamide,
HU
Alkaloids Podophyllotoxin deriva- Etoposide VP-16
tives Teniposide VM26
Vinca alkaloids Vinblastine VBL
Vincristine VCR
Vindesine VDS
Vinorelbine VRLB
Taxanes Docetaxel Taxotere
Paclitaxel Taxol
Camptothecin derivatives  Irinotecan CPT-11
Topotecan
Enzymes L-asparaginase ASP
Other Arsenic derivative Arsenic trioxide As,05
Alkylphosphocholine Miltefosine HDPC
2RNR ribonucleoside reductase
Web: 1. http://www.druginfonet.com/ Drug Information Network
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2.
3.

http://chemfinder.cambridgesoft.com/
http://www.meds.com/DChome.html

Chemfinder Database
Dose Calculation of Cytostatics



3.2 Characteristics of Clinically Used Cytostatic Drugs

3.2.1

Chem:

MOA:

Pkin:

Se:

Ci:

Th:

Characteristics of Clinically Used Cytostatic Drugs

H. HenB, J. Scheele, R. Engelhardt, D.P. Berger

Altretamine (Hexamethylmelamine, HMM)
N,N,N’N’N,N-hexamethyl-1,3,5-triazine-2,4,6-triamine, hexamethylmelamine

N(CH,),

N—
(CHz),N—4 N
N

N(CH,),

DNA alkylation and intercalation, inhibition of DNA and RNA synthesis

+ Kinetics: good oral absorption (75-90%), half-life: t¥2 4-13 h
o Metabolism: extensive first-pass hepatic metabolism to active metabolites, hepatic degradation
(cytochrome P450-dependent), renal excretion of demethylated metabolites

«  Bone marrow: myelosuppression (20-40%), with neutropenia, thrombocytopenia, anemia

«  Gastrointestinal: nausea, vomiting, abdominal cramps, diarrhea, loss of appetite

o Liver: transaminase elevation (rare), impaired liver function

o Skin: alopecia (rare), erythema, pruritus, urticaria, allergic reactions

o Nervous system: dose-limiting peripheral and central neurotoxicity with irreversible neuropa-
thies, paresthesia, sensory disturbances, hallucinations, confusion, ataxia, lethargy, somno-
lence

o Local toxicity: damaged capsules extremely irritating to mucous membranes

o Other: cystitis (rare), severe hypotension with concurrent administration of altretamine and
monoamine oxidase inhibitors

Impaired liver function

Approved indications: ovarian cancer
Other areas of use: lymphomas, solid tumors (endometrial cancer, cervical cancer, small cell lung
cancer)

Dosage and Administration

« Oral administration after food, 260-320 mg/m?*/day (8-12 mg/kg/day) p.o., in 3-4 daily di-
vided doses, for 14-21 days, repeat every 4-6 weeks; in combination therapy 150-200 mg/m?*/
day (4 mg/kg/day)

« Dose modification » Chap. 3.2.4

o ATTN: cimetidine and barbiturates alter effect (t¥2) due to cytochrome P450 induction or
inhibition

o BEFORE TREATMENT: full blood count, liver and renal function tests, neurological evalu-
ation
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Amsacrine (AMSA, m-AMSA)
Chem: 4’-(9-Acridinylamino)-3’-methoxymethanesulfonanilide, alkylating agent, topoisomerase II in-

hibitor

H
H,CO Nyg ~CHy
HN
400
7
N

MOA: « DNA alkylation and intercalation, inhibition of topoisomerase II

o Cell-cycle-specific: S/G2 phases
Pkin: Kinetics: Half-life: t% 2 h, prolonged with impaired liver function

o Elimination: biliary and renal excretion of unchanged drug and metabolites
Se: « Bone marrow: myelosuppression dose-limiting, especially leukopenia, moderate thrombocy-

topenia, anemia
o Cardiovascular: arrhythmias, heart failure, cardiac arrest (especially in presence of hypokale-
mia)

« Gastrointestinal: nausea, vomiting (30%), mucositis (10%), diarrhea (10%)

o Liver: transient elevation of transaminases

o Skin: alopecia, jaundice, erythema (rare), urticaria, allergic reactions

o Nervous system: rare, peripheral and central neurotoxicity with headache, confusion, seizures

o Local toxicity (extravasation » Chap. 9.9): phlebitis, necrosis

o Other: orange urine
Ci: « Hypokalemia, electrolyte disturbances

o Impaired liver and renal function
Th: Approved indications: AML
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Dosage and Administration
« Standard dose: 75-150 mg/m?/day i.v. on days 1-5, repeat every 1-3 weeks

o Dose modification » Chap. 3.2.4, incompatibility » Chap. 3.2.6, stability » Chap. 3.2.7
« BEFORE TREATMENT: full blood count, urea and electrolytes, liver and renal function tests,

cardiac evaluation

Dosage and Administration
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Chem:

MOA:

Pkin:

Se:

Ci:

Th:

Arsenic Trioxide
Arsenic trioxide, As,O3

Induction of differentiation, apoptosis and DNA fragmentation of PML-RARa-positive cells in
acute promyelocytic leukemia, antiangiogenetic effect

o Kinetics: intravenous administration, intravascular binding to hemoglobin (96%), half-life: t¥2
12h
o Metabolism: hepatic degradation (90%), renal excretion (10%)

»  Bone marrow: myelosuppression (15%), with anemia, neutropenia, thrombocytopenia

o Cardiovascular: tachycardia (50%), QT prolongation, AV block, ventricular arrhythmia (tors-
ades de pointes)

o Gastrointestinal: nausea, vomiting, mucositis, sore throat, diarrhea, abdominal pain (50%),
gastrointestinal bleeding (rare), weight loss

o Liver: elevated transaminases, impaired liver function, hyperglycemia

« Kidney: hypokalemia, hypocalcemia, hypomagnesemia, impaired renal function (rare)

o Skin: dermatitis, erythema, urticaria, pruritus, cutaneous bleeding (ecchymosis, petechiae
(rare)), epistaxis (25%)

o Nervous system: headache (60%), insomnia, anxiety disorders, arthralgia, paresthesias

o Local toxicity: phlebitis, local edema, erythema

o Other: “differentiation syndrome”: fever, leukocytosis, cough, dyspnea, hypoxia, thoracic pain,
pleural / pericardial effusions, hypotension, edema. Treatment with corticosteroids (e.g., dexa-
methasone 10 mg twice a day). Coagulation disorders (rare), DIC (disseminated intravascular
coagulation)

o Severely impaired liver or renal function
o Electrolyte disturbances, QT prolongation (especially > 500 ms), AV conduction disorders

Approved indications: acute promyelocytic leukemia (APL, AML FAB M3) with translocation
t(15;17) or PML-RARa expression

Dosage and Administration

« Induction 0.15 mg/kg/day until remission, 8 weeks maximum, then no therapy for 3-6 weeks,
consolidation 0.15 mg/kg/day for 4-5 weeks

o BEFORE TREATMENT: full blood count, urea and electrolytes, liver and renal function tests,
ECG (exclude QT prolongation)
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L-Asparaginase (L-ASP), PEG-Asparaginase (Pegaspargase)
Chem: Enzyme derived from Escherichia coli or Erwinia carotovora. Covalently linked with polyethylene
glycol (PEG) to form PEG-asparaginase
MOA: + Catalyses hydrolysis of L-asparagine to L-asparaginic acid and ammonia, intravascular deple-
tion of asparagine and inhibition of protein synthesis of malignant lymphatic cells (normal
cells are capable of asparagine synthesis by induction of asparagine synthetase)
o Cell-cycle-specific: G1 phase
Pkin:  Kinetics: terminal half-life: t¥%» 8-30 h (depending on dose and compound), t% prolonged to
3-6 days with PEG-asparaginase
«  Elimination: metabolic degradation (proteolysis)
Se: « Gastrointestinal: moderate nausea / vomiting (60%), mucositis, loss of appetite, diarrhea (rare)
o Liver / pancreas: impaired liver function, elevated transaminases (50% of patients), hepatitis,
pancreatitis, hyperglycemia, impairment of clotting factor synthesis (especially fibrinogen and
antithrombin IIT), thromboembolic events, hemorrhage
o Kidney: transient increase of serum creatinine and uric acid, acute renal failure (rare) or se-
verely impaired renal function (rare)
o Nervous system: acute: reversible encephalopathy in 25-50% of patients: lethargy, somnolence,
confusion; chronic: psychotic organic brain syndrome
o Other: dose-limiting allergic reactions: fever, chills, urticaria, skin reactions, bronchospasm,
laryngospasm, asthma, anaphylactic shock. Reduced immunogenicity with PEG-asparaginase
Ci: « Known intolerance
e Pancreatitis
o Impaired liver function, pre-existing coagulation disorders
Th: Approved indications: ALL
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Other areas of use: AML, NHL, CML in lymphatic blast crisis, CLL

Dosage and Administration

L-Asparaginase 5,000-20,000 IU/m?/day i.v. for 10-20 days, i.m. application possible
PEG-asparaginase: 2,500 IU/m?*/day i.v. every 14-days, i.m. application possible

Dose modification » Chap. 3.2.4, incompatibility » Chap. 3.2.6, stability » Chap. 3.2.7
ATTN: coagulation disorders: if fibrinogen < 0.8 g/l or ATIII <70%, give fresh fro-
zen plasma (FFP) or ATIIL If fibrinogen < 0.5 g/l or QuicKs test <30%, end treatment.
Allergic Reactions: close observation of the patient, monitor blood pressure. Allergic reactions
must be treated acutely with antihistamines and corticosteroids. Change preparation if neces-
sary (allergic reactions commonly due to bacterial impurities)

BEFORE TREATMENT: full blood count, liver and renal function tests, blood glucose, clot-
ting studies. Pretherapy intradermal skin test (dose: 2 IU) to exclude possible hypersensitivity
is recommended
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Chem:

MOA:

Pkin:

Se:

Ci:

Th:

Azacytidine (5-aza-cytidine)

4-Amino-1-p-D-ribofuranosyl-s-triazin-2(1H)-one, pyrimidine nucleoside analog

Causes demethylation and hypomethylation of DNA, potentially with functional changes of
genes regulating differentiation and proliferation of hematopoietic cells — direct cytotoxicity
on abnormal hematopoietic cells in the bone marrow

Kinetics: terminal half-life t% after subcutaneous administration 2.5-4.2 h
Elimination: hepatic metabolism, renal elimination 85%, fecal excretion < 1%

Bone marrow: anemia, leucopenia, neutropenia, thrombocytopenia

Respiratory: cough, dyspnea, respiratory tract infections, pharyngitis

Cardiovascular: tachycardia, hypotension, atrial fibrillation (rare), cardiac failure (rare)
Gastrointestinal: nausea / vomiting, diarrhea, constipation, anorexia, abdominal pain

Liver / pancreas: impaired liver function, hepatic coma (rare)

Kidney: serum creatinine 1, impaired renal function, renal tubular acidosis (rare), hypokale-
mia

Skin: erythema, rash, injection site reactions, ecchymosis, pruritus

Nervous system: headache, confusion, dizziness, anxiety, depression, lethargy, insomnia, syn-
cope

Other: fever, infections, fatigue, weakness, rigors, arthralgia, myalgia, back pain, edema

Known intolerance to azacytidine or mannitol
Severe hepatic impairment, advanced malignant hepatic tumors
Severe renal impairment

Approved indications: MDS
Other areas of use: AML, CML, sickle cell disease, p-thalassemia, malignant mesothelioma

Dosage and Administration

75 mg/m?*/day s.c. days 1-7 every 4 weeks, or 105 mg/m?/day s.c. days 1-5 every 4 weeks. In-
travenous application possible

ATTN: azacytidine may be embryotoxic, teratogenic, and mutagenic in humans. Appropriate
precautions should be taken to avoid pregnancy and fathering. Monitoring of blood counts,
liver enzymes, and renal function required

BEFORE TREATMENT: full blood count, liver and renal function tests, electrolytes
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Bendamustine
Chem: Gamma-(1-methyl-5-bis(beta-chloroethyl)aminobenzimidazole-(2)-butyric ~ acid, alkylating
agent, nitrogen mustard derivative
CoH,Cl /CH3
N N
e
C2H,Cl \@ />fCOZH
N
MOA: Cross-linking of DNA single and double strands by alkylation, DNA-protein and protein-protein
linking
Pkin: « Kinetics: initial half-life: t%» 6-10 min, terminal t¥; 28-36 min
o Metabolism: hepatic hydrolysis to cytotoxically active p-hydroxy-bendamustine (f-OH-BM),
predominantly renal elimination
Se: o Bone marrow: myelosuppression
o Cardiovascular: arrhythmias, myocardial infarction (isolated cases)
 Gastrointestinal: nausea, vomiting, loss of appetite, constipation, diarrhea
o Skin: erythema, skin changes, alopecia, mucous membrane irritation
o Nervous system: weakness, fatigue, tiredness, peripheral neuropathy
o Local toxicity (extravasation » Chap. 9.9): phlebitis, necrosis with perivascular administra-
tion
Ci: o Impaired renal function
o Severely impaired liver function
Th: Approved indications: NHL, CLL, plasmacytoma, breast cancer
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Dosage and Administration

«+ Standard dose: 25 mg/m?/day i.v. for 3 weeks or longer

o Dose modification » Chap. 3.2.4, stability » Chap. 3.2.7

o BEFORE TREATMENT: full blood count, liver and renal function tests
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Chem:

MOA:

Pkin:

Se:

Ci:

Th:

Bleomycin

Antibiotic, mix of different bleomycins

NNO)OA

H C HN
CH(; HO CHs
|”
HO
L
H
HO OH O OH
OH
HO 9
o
NH,

DNA strand breaks, inhibition of DNA ligase, DNA intercalation
Cell-cycle-specific: G2/M phase

Kinetics: initial half-life: t/4 30 min, terminal t/» 2-5h

Metabolism: cytochrome P450-dependent hepatic activation, intracellular degradation (50%)
by aminohydrolase (low levels in lung and skin — organotoxic), renal excretion of unchanged
drug (50%) and metabolites

Bone marrow: mild myelosuppression

Pulmonary: dose-limiting interstitial pneumonitis and pulmonary fibrosis in up to 10% of
cases with cough, dyspnea, hypoxia. Cumulative toxicity especially with total doses > 300 mg,
increased in patients aged < 15 years and > 65 years

Gastrointestinal: nausea / vomiting, loss of appetite, mucositis, diarrhea

Skin: dose-dependent in 50% of patients: alopecia, erythema, urticaria, exanthema, striae, hy-
perpigmentation, edema, hyperkeratoses, nail changes, pruritus

Local toxicity: phlebitis, pain at injection site

Other: flu-like symptoms (fever, chills, myalgia). In 1% of patients allergic reactions up to ana-
phylaxis. Raynaud’s syndrome

Pre-existing lung disease (especially chronic obstructive pulmonary disease), previous lung
radiation, assisted ventilation with increased O, concentration
Severely impaired liver or renal function

Approved indications: testicular cancer, Hodgkin’s disease, NHL, squamous cell carcinoma (head
and neck region, esophagus, penis, cervix, vulva)
Other areas of use: solid tumors, instillation (malignant effusions)

Dosage and Administration

Standard dose: 15-30 mg absolute, 1-2x/week, administer i.v. / i.a. / s.c. or i.m. possible

With intracavitary administration (pleural effusion, pericardial effusion, urinary bladder)
30-180 mg absolute

Dose modification » Chap. 3.2.4, incompatibility » Chap. 3.2.6, stability » Chap. 3.2.7
ATTN: not to be given in combination with nephrotoxic or pneumotoxic drugs (busulfan,
cyclophosphamide, melphalan, mitomycin)

BEFORE TREATMENT: full blood count, liver and renal function tests (creatinine clearance),
pulmonary function tests. Pretherapy test dose (1-2 mg) to exclude possible hypersensitivity is
recommended
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Busulfan
Chem: Tetramethylene dimethane sulfonate, bifunctional alkylating agent
i i
HsC—ﬁ—O—CHZ— CH,—CH,— CH2—O—ﬁ—CH3
(0]
MOA: « DNA and RNA alkylation (N7 position of guanine), DNA strand breaks and cross-linking

Pkin: .

Se: .

Cell-cycle-specific: S/G2 phase

Kinetics: oral or intravenous administration, terminal half time t% 2.5 h, entering cerebrospi-
nal fluid

Metabolism: hepatic degradation to inactive metabolites (tetrahydrofuran, methane sulfonic
acid), renal excretion of unchanged drug and metabolites

Bone marrow: myelosuppression dose-limiting, long neutropenic phase (following treatment,
nadir between days 11 and 30), thrombocytopenia, anemia

Cardiovascular: hypertension, hypotension, tachycardia, thromboembolic events

Pulmonary: pulmonary fibrosis (“busulfan lung,” rare), especially with cumulative dose
> 3,000 mg (threshold dose 500 mg). Increased risk with lung radiation and assisted ventila-
tion with increased O, concentration

Gastrointestinal: moderate nausea / vomiting, mucositis, loss of appetite

Liver: transient disturbances of liver function, hepatic veno-occlusive disease (VOD) after
high-dose therapy

Skin: erythema, hyperpigmentation, alopecia

Nervous system: central nervous system toxicity (rare), with visual disturbances, confusion,
seizures, especially with high-dose therapy

Other: infertility, cataracts, gynecomastia (rare), other fibroses (rare): pulmonary, retroperito-
neal, endocardial. Hemorrhagic cystitis (rare)

Ci: Pre-existing lung disease (especially chronic obstructive pulmonary disease)

Th: Approved indications: CML (palliative), polycythemia vera
Other areas of use: other myeloproliferative diseases, conditioning prior to autologous / allogeneic
transplantation in patients with leukemia or lymphoma

Dosage and Administration
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Standard dose: 0.5-8 (-12) mg/day p.o. or 0.05-0.06 mg/kg body weight/day p.o.

High-dose therapy: 4 mg/kg body weight/day for 4 days (ATTN: only in transplant centers)
Stability » Chap. 3.2.7

ATTN: cumulative dose of > 500 mg: increased risk of pulmonary fibrosis

BEFORE TREATMENT: full blood count, liver and renal function tests (creatinine clearance),
pulmonary function tests
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Chem:

MOA:

Pkin:

Se:

Ci:

Th:

Capecitabine

Pyrimidine analog, antimetabolite

H
N N O
NNy Y
HiC O N_ A ©
F
HO OH

Inhibition of thymidylate synthetase by FAUMP and thymidine synthesis
Incorporated into RNA, inhibition of RNA synthesis by FUTP
Cell-cycle-specific: S phase

Kinetics: half-life: t¥2 0.7-1.2 h

Metabolism: oral administration, rapid and complete absorption. Intracellular conversion of
the prodrug by hepatic carboxylesterase to 5°-deoxy-5-fluorocytidine (5’DFCR), subsequent
intracellular metabolism by thymidine phosphorylase to 5-fluorouracil (5-FU), intracellular
activation and phosphorylation (formation of FAUMP, FUTP). Degradation in liver and intes-
tinal mucosa by dihydropyrimidine dehydrogenase (DPD)

Excretion: renal elimination of unchanged drug and metabolites

Bone marrow: myelosuppression with neutropenia, thrombocytopenia, anemia
Cardiovascular: lower limb edema, cardiac ischemia (rare, may occur with pre-existing coro-
nary heart disease), ECG changes

Gastrointestinal: diarrhea (40%), mild nausea / vomiting (40%), mucositis, abdominal pain,
stomatitis, loss of appetite

Liver: elevated transaminases (reversible), hyperbilirubinemia

Skin: hand-foot syndrome (palmar-plantar erythrodysesthesia, 50%), dermatitis (25%), alope-
cia

Nervous system: headache, paresthesias, dysgeusia, vertigo, insomnia, confusion (rare), ataxia
Other: fatigue, loss of appetite, fever, weakness, lethargy, mucositis, dehydration

Known hypersensitivity to fluorouracil (DPD deficiency)

Approved indications: colorectal cancer, breast cancer
Other areas of use: head and neck tumors, pancreatic cancer

Dosage and Administration

Standard dose: 2,000-2,500 mg/m?/day p.o. on days 1-14, every 3 weeks. To be taken with
water in 2 daily divided doses, 30 min after food

Dose modification » Chap. 3.2.4

BEFORE TREATMENT: full blood count, liver and renal function tests (creatinine clearance)
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Carboplatin (CBCDA)

Chem: cis-Diamine(1,1-cyclobutanedicarboxylato)platinum (II), platinum derivative
o}
O\ /NHZ
/Pt
J “NH,
o}
MOA: « Covalent binding of DNA and protein, DNA intercalation, strand breaks

o Cell-cycle-specific: G1/S phases

Pkin: o Kinetics: enters cerebrospinal fluid, initial half-life t/4 60-90 min, terminal t%2 3-6 h
o Metabolism: intracellular formation of reactive platinum complexes, renal excretion of un-
changed drug (60%) and metabolites (40%)

Se: « Bone marrow: myelosuppression, especially prolonged thrombocytopenia (dose-limiting),

leukopenia and cumulative disturbances of erythropoiesis

» Gastrointestinal: nausea / vomiting, loss of appetite, mucositis

o Liver: transient elevation of transaminases

« Kidney: nephrotoxicity (rare), electrolyte disturbances (Na* |, K* |, Mg** |)

o+ Skin: alopecia (rare), erythema, pruritus

+  Nervous system: peripheral neurotoxicity (rare, mainly in patients > 65 years), hearing disor-
ders (rare) or optic neuritis (rare)

o Local toxicity: pain at injection site

o Other: infertility, fever, chills, allergic reactions (rare)

Ci: « Impaired renal function, dehydration
o Pre-existing hearing disorders, acute infections

Th: Approved indications: epithelial ovarian cancer, cervical cancer, lung cancer, head and neck tu-
mors
Other areas of use: other solid tumors, refractory leukemia, lymphoma

Dosage and Administration

« Standard dose: 300-400 mg/m®/day i.v. on day 1, every 4 weeks

o Pharmacological dose calculation: calculation of total dose in mg according to the target AUC
(“area under the curve,” area under the concentration-time curve in mg/ml x min) and the
renal function (GFR, glomerular filtration rate in ml/min):

Dose = AUC x (GFR + 25)

o The target AUC for carboplatin is 5-7 mg/ml/min in monotherapy protocols and 4-6 mg/ml/
min in polychemotherapy protocols

« High-dose therapy: 500 mg/m*/day i.v. on days 1-3 (ATTN: only in transplant centers)

o Dose modification » Chap. 3.2.4, incompatibility » Chap. 3.2.6, stability » Chap. 3.2.7

« ATTN: not to be given in combination with nephrotoxic or ototoxic drugs (aminoglycosides,
NSAIDs, loop diuretics, etc.). Fluid replacement

o BEFORE TREATMENT: full blood count, liver and renal function tests (creatinine clearance)
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Chem:

MOA:

Pkin:

Se:

Ci:

Th:

Carmustine (BCNU)

1,3-Bis(2-chloroethyl)-1-nitrosourea, bifunctional alkylating agent

_CH,—CH,—Cl
Cl—HpC—HzC—HN—CO—N{
N=0

« DNA and RNA alkylation (O° position of guanine), DNA strand breaks, cross-linking
o Cell cycle non-specific (including GO phase)

 Kinetics: lipophilic compound, enters cerebrospinal fluid, initial half-life: t2 4-7 min, termi-
nal t% 20-70 min

o Metabolism: spontaneous hepatic degradation into inactive metabolites (isocyanate, diazohy-
droxide), renal excretion of unchanged drug and metabolites

o Bone marrow: prolonged and cumulative myelosuppression (dose-limiting), leukocyte and
thrombocyte nadir 3-5 weeks after administration

o Pulmonary: with repeated administration, interstitial pneumonitis, pulmonary infiltrates and
pulmonary fibrosis (cumulative toxicity)

« Gastrointestinal: nausea / vomiting for 8-24 h, mucositis, diarrhea; rarely: esophagitis, ulcers,
gastrointestinal bleeding

o Liver: transient elevation of transaminases, hepatic veno-occlusive disease (VOD) with high-
dose therapy

o Kidney: impaired renal function

o Skin: alopecia, dermatitis, erythema, hyperpigmentation

o Nervous system: peripheral and central neurotoxicity with confusion, psychotic organic brain
syndrome, neuroretinitis, optic neuritis, ataxia

o Local toxicity (extravasation » Chap. 9.9): venous irritation, necrosis

o Other: infertility

o Pre-existing disorders of bone marrow function, acute infections
o Severe liver or renal disorders

Approved indications: CNS tumors, cerebral metastases, multiple myeloma, lymphomas, gastroin-
testinal tumors
Other areas of use: breast cancer, melanoma

Dosage and Administration

« Standard dose: 100 mg/m®/day i.v. with protection from light, on days 1-2, every 6-8 weeks

 High-dose therapy: 300-600 mg/m?*/day i.v. on day 1 (ATTN: only in transplant centers)

« Dose modification » Chap. 3.2.4, incompatibility » Chap. 3.2.6, stability » Chap. 3.2.7

o ATTN: cumulative, delayed, and prolonged myelotoxicity. Increased risk of pulmonary toxic-
ity with total cumulative dose > 1,000 mg/m”. Increased toxicity with concurrent administra-
tion of metronidazole, cimetidine, or verapamil.

« BEFORE TREATMENT: full blood count, liver and renal function tests (creatinine clearance),
pulmonary function tests
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Chem:

MOA:

Pkin:

Se:

Ci:

Th:

82

Chlorambucil

4-(4-[Bis(2-chloroethyl)amino]phenyl)butanoic acid, alkylating agent

_ CH,—CH,—Cl
HOOC—HZC—HZC—H2C@N\

CH,— CH,— Cl

DNA and RNA alkylation, DNA strand breaks, cross-linking
Cell cycle non-specific (including GO phase)

Kinetics: oral bioavailability 60-100%, terminal half-life: t¥2 1.5-2.5 h
Metabolism: hepatic degradation into active (aminophenylacetic acid) and inactive metabo-
lites, renal excretion of unchanged drug (1%) and metabolites

Bone marrow: myelosuppression dose-limiting, neutropenia, thrombocytopenia with standard
dose (see below) usually only moderate

Pulmonary: pulmonary fibrosis (rare), especially with cumulative dose > 2,000 mg
Gastrointestinal: mild nausea / vomiting, loss of appetite

Liver: transient elevation of transaminases, severe hepatotoxicity (very rare)

Skin: erythema, urticaria, alopecia

Nervous system: rarely, peripheral / central neurotoxicity

Other: infertility (especially with cumulative dose > 400 mg), fever, cystitis (rare)

Pre-existing myelosuppression, acute infections

Approved indications: CLL, NHL, Hodgkins disease
Other areas of use: multiple myeloma, Waldenstrém’s macroglobulinemia, ovarian cancer, breast
cancer, testicular tumors, trophoblastic tumors

Dosage and Administration

Standard dose: oral administration, once a day with food, various protocols, e.g.:

- 0.05-0.2 mg/kg body weight/day p.o. for 3-6 weeks, thereafter daily maintenance dose of
2 mg absolute p.o.

- 0.4 mg/kg body weight/day p.o. on day 1, every 2-4 weeks

- 18-30 mg/m?*/day p.o. on day 1, every 2 weeks

— 16 mg/m?/day p.o. on days 1-5, every 4 weeks

ATTN: cumulative dose > 2,000 mg: increased risk of pulmonary fibrosis. Increased side ef-

fects with concurrent administration of phenylbutazone derivatives or phenobarbital

BEFORE TREATMENT: full blood count, liver and renal function tests
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Chem:

MOA:

Pkin:

Se:

Ci:

Th:

Cisplatin (CDDP)
cis-Diamminedichloroplatinum(II), platinum derivative

cl NH,
N/
Pt
7\
cl NH

3

» Covalent binding of platinum complexes to DNA, RNA, and proteins, cross-linking
«  Cell-cycle-specific: G1/S phases

o Kinetics: half-life: initial t¥% 25-50 min, terminal t¥% 60-90 h
o Metabolism: formation of reactive platinum complexes, renal excretion (90%) of unchanged
drug and metabolites, biliary excretion (10%)

« Bone marrow: myelosuppression, leukopenia, thrombocytopenia, anemia

o Cardiovascular: arrhythmias (rare), heart failure

o Gastrointestinal: severe nausea / vomiting (prolonged, duration > 24 h), loss of appetite, muco-
sitis, diarrhea, enteritis

o Liver: transient elevation of transaminases

o Kidney: electrolyte changes (Ca** |, Mg** |, K* |, Na* |), cumulative nephrotoxicity with renal
tubular damage (dose-limiting), probably from inadequate hydration

o Skin: alopecia, dermatitis

o Nervous system: ototoxicity and peripheral neurotoxicity (dose-limiting, cumulative, with total
doses > 100-200 mg/m?), dysgeusia, focal encephalopathy (rare), visual disturbances, optic
neuritis, vertigo

o Local toxicity (extravasation » Chap. 9.9): phlebitis, necrosis

o Other: infertility, allergic reactions (rare)

Impaired renal function, dehydration, hearing disorders, acute infections

Approved indications: testicular tumors, ovarian cancer, bladder cancer
Other areas of use: solid tumors (head and neck region, lungs, esophagus, cervix, endometrium,
prostate, osteosarcoma, melanoma), NHL

Dosage and Administration

« Standard dose: various protocols:
- Low dose: 15-20 mg/m?/day i.v. on days 1-5, every 3-4 weeks
— Medium dose: 50-75 mg/m*/day i.v. on days 1 + 8, every 3-4 weeks
— High dose: 80-120 mg/m?/day i.v. on day 1, every 3-4 weeks

« Dose modification » Chap. 3.2.4, incompatibility » Chap. 3.2.6, stability » Chap. 3.2.7

o ATTN: not to be given in combination with nephrotoxic drugs (aminoglycosides, NSAIDs,
loop diuretics, etc.). Fluid replacement, aim: urine volume > 200 ml/h, with electrolyte re-
placement (K*, Mg*") if necessary. Cumulative neurotoxicity and ototoxicity (with total dose
>100-200 mg/m?).

o BEFORE TREATMENT: full blood count, electrolytes, liver and renal function tests (creati-
nine clearance), audiometry and neurological evaluation, if necessary. Fluid administration
1,000-2,000 ml (with KCl and MgSO,), osmotic diuresis
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Cladribine (2-CDA)

Chem: 2-Chloro-deoxyadenosine, purine analog, antimetabolite
NH,
NN >
PN
Cl N N
HOH,C 0o

HO

MOA: « Inhibition of DNA polymerase  and ribonuclease reductase
o Induction of DNA strand breaks, depletion of NAD and ATP
o Cell cycle non-specific (including GO phase)

Pkin: o Kinetics: enters cerebrospinal fluid, half-life: initial t% 35 min, terminal t% 7 h
o Metabolism: intracellular formation of the active triphosphate derivative, 2-chlorodeoxy-ATP,
by deoxycytidine kinase

o Elimination: renal excretion

Se: « Bone marrow: myelosuppression dose-limiting, with neutropenia (30%) and thrombocytope-

nia, lymphopenia (100%)

+ Gastrointestinal: moderate nausea / vomiting (15% of patients), diarrhea

o Liver: transient elevation of transaminases

« Kidney: impaired renal function, especially with inadequate fluid replacement

o Skin: erythema (rare), up to toxic epidermolysis

o Nervous system: peripheral or central neurotoxicity in 15% of patients

o Other: immunosuppression with T-cell deficiency (CD4+ | |, CD8+ |), infections, fever (60%),
tiredness (50%), headaches

Ci: Severely impaired renal function

Th: Approved indications: hairy cell leukemia
Other areas of use: NHL, CLL, CML, acute leukemia, mycosis fungoides

Dosage and Administration
o Standard dose: usually given for one cycle only, no repeat. Various protocols:
— 0.1 mg/kg body weight/day, on days 1-7 (continuous infusion)
— 0.14 mg/kg body weight/day c.i.v. on days 1-5 (2-h infusion)
o Dose modification » Chap. 3.2.4, incompatibility » Chap. 3.2.6, stability » Chap. 3.2.7
o BEFORE TREATMENT: full blood count, liver and renal function tests (creatinine clearance)
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3.2 Characteristics of Clinically Used Cytostatic Drugs

Chem:

MOA:

Pkin:

Se:

Ci:

Th:

Cyclophosphamide

2-[Bis(2-chloroethylamino)]-tetrahydro-2H-1,3,2-oxazaphosphine-2-oxide
Oxazaphosphorine, alkylating agent

(0] _ _
O\IFLN/CH2 CH,— Cl
|
(/N ™ CH,— CH,— Cl

+ DNA and RNA alkylation, DNA strand breaks, cross-linking, DNA synthesis |
o Cell-cycle-specific: S phase

« Kinetics: oral bioavailability 90-100%, half-life: terminal t% 4-8 h

o Metabolism: initial hepatic hydroxylation by the microsomal cytochrome P450 monooxygen-
ase system, release of active metabolite (phosphoramide mustard) in plasma and tissue, he-
patic degradation into inactive metabolites. Renal excretion of active and inactive metabolites,
dialyzable

+ Bone marrow: myelosuppression dose-limiting, leukopenia (nadir 8-14 days after administra-
tion) and thrombocytopenia, anemia

« Cardiovascular: in 5-10% of cases with high-dose therapy, acute myocarditis / pericarditis,
heart failure, hemorrhagic myocardial necrosis

o Pulmonary: with high-dose therapy, pulmonary fibrosis (rare), pneumonitis

Gastrointestinal: nausea, vomiting (especially with doses > 600 mg/m?/day), mucositis, stoma-
titis, loss of appetite

« Liver: transient elevation of transaminases, cholestasis (rare)

« Kidney / genitourinary tract: hemorrhagic cystitis (dose-limiting), especially with high-dose
therapy, bladder fibrosis, impaired renal function

o Skin: alopecia, erythema, hyperpigmentation, nail changes, dermatitis

o Nervous system: with high-dose therapy: acute encephalopathy

o Other: infertility, immunosuppression, fever, allergic reactions

Severely impaired liver or renal function, acute infections, cystitis, urinary tract obstruction

Approved indications: lymphomas, multiple myeloma, ovarian cancer, breast cancer
Other areas of use: leukemias, solid tumors, immunosuppression, severe autoimmune diseases

Dosage and administration

» Standard dose: oral or intravenous administration, various protocols:
- 50-200 mg/m?/day p.o. on days 1-14 in the morning, every 28 days
- 500-1,000 mg/m?*/day i.v. on day 1 in the morning, every 21 days

 High-dose therapy: up to 16,000 mg/m?*/day i.v. (ATTN: only in hematology / oncology cen-
ters)

+ Dose modification » Chap. 3.2.4, incompatibility » Chap. 3.2.6, stability » Chap. 3.2.7

o ATTN: prophylaxis of hemorrhagic cystitis starting with a dose of > 400 mg/m?/day: fluid re-
placement (urine volume > 200 ml/h), mesna. Effects enhanced by barbiturates (cytochrome
P450 activation) and cimetidine

« BEFORE TREATMENT: full blood count, liver and renal function tests (creatinine clearance)
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Part 3 Pharmacology and Pharmacotherapy

Cytarabine (Cytosine Arabinoside, Arabinosylcytosine, AraC)

Chem: 4-Amino-1-B-D-ribofuranosyl-2(1H)-pyrimidinone, deoxycytidine analog, antimetabolite
NH,
N7
A
O N
HOH,C o
HO OH
MOA: + Incorporated into DNA, inhibition of DNA polymerases, DNA synthesis |

o Cell-cycle-specific: S phase

Pkin: o Kinetics: Half-life: initial tY% 12 min, terminal t¥ 2 h, enters cerebrospinal fluid
o Metabolism: intracellular phosphorylation to active ara-CMP and ara-CTP, hepatic degrada-
tion into inactive metabolites (ara-U, ara-UMP) by deamination, renal excretion of metabo-
lites

Se: o Bone marrow: myelosuppression dose-limiting, leukopenia, thrombocytopenia, anemia

o Pulmonary: with high-dose therapy acute pulmonary toxicity, pulmonary edema, ARDS
(“acute respiratory distress syndrome”) — intensive care unit necessary

« Gastrointestinal: nausea / vomiting, mucositis, diarrhea, loss of appetite. Rarely with high-dose
therapy, pancreatitis, ulcers, bowel necrosis, esophagitis

o Liver: transient elevation of transaminases, cholestasis

o Skin: alopecia, dermatitis, erythema, exanthema, keratitis

o Nervous system: peripheral and central neurotoxicity. Cerebral and cerebellar disorders, espe-
cially in older patients (> 60 years) and with high-dose therapy. With intrathecal administra-
tion: acute arachnoiditis, leukoencephalopathy

o Other: fever, myalgia, arthralgia, bone and muscle pain, flu-like symptoms, conjunctivitis

Ci: Severely impaired liver or renal function, pre-existing CNS disease
Th: Approved indications: AML, ALL, CML in blast crisis, NHL

Dosage and Administration
o Standard dose: various protocols:
— Low-dose AraC: 10-20 mg/m®/day s.c. daily, for 21 days
— Medium-dose AraC: 100 mg/m? twice a day i.v. on days 1-7 or 200 mg/m?/day c.i.v. on
days 1-7
— High-dose AraC: 1,000-3,000 mg/m? twice a day i.v. on days 1-6 (ATTN: only in hematol-
ogy centers), with prophylactic administration of dexamethasone i.v. and as eye drops
— Intrathecal (40-50 mg absolute) or intramuscular administration possible
o Dose modification » Chap. 3.2.4, incompatibility » Chap. 3.2.6, stability » Chap. 3.2.7
o BEFORE TREATMENT: full blood count, liver and renal function tests (creatinine clearance),
neurological evaluation if necessary
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3.2 Characteristics of Clinically Used Cytostatic Drugs

Chem:

MOA:

Pkin:

Se:

Ci:

Th:

Dacarbazine (DTIC)

5-(3,3-Dimethyl-1-triazeno)imidazole-4-carboxamide, tetrazine derivative, alkylating agent

CIHS
N
N” “CH,

Il
N H

N
H2N—COIN/>

DNA methylation and direct DNA toxicity, alkylating agent
Cell cycle non-specific (including GO phase)
Inhibition of purine, RNA and protein synthesis

Kinetics: half-life: initial t% 20-80 min, terminal t% 3-5h

Metabolism: hepatic activation (by microsomal oxidases) into MTIC (monomethyl triazeno
imidazole carboxamide), renal excretion of unchanged drug (40%) and metabolites (50%),
minor hepatobiliary and pulmonary excretion

Bone marrow: myelosuppression dose-limiting, leukopenia, thrombocytopenia

Pulmonary: pneumonitis (rare)

Gastrointestinal: severe nausea / vomiting, loss of appetite, mucositis (rare), diarrhea

Liver: transient elevation of transaminases, hepatic veno-occlusive disease (VOD, rare), he-
patic necrosis

Kidney: impaired renal function (rare)

Skin: erythema, exanthema, photosensitivity, alopecia (rare)

Nervous system: rarely central nervous system disorders (headache, visual disturbances, confu-
sion, lethargy, seizures), paresthesias

Local toxicity (extravasation » Chap. 9.9): local thrombophlebitis, necrosis

Other: rarely, flu-like symptoms (fever, chills, myalgia), allergic reactions, hypotension

Severely impaired liver or renal function

Approved indications: malignant melanoma, Hodgkin’s disease
Other areas of use: soft tissue sarcoma, osteosarcoma, renal cell carcinoma

Dosage and Administration

Standard dose: intravenous administration, with protection from light, various protocols:

— 150-250 mg/m?/day i.v. on days 1-5, every 3-4 weeks

- 375 mg/m*/day iv. on days 1 + 15, every 3-4 weeks

- 750-850 mg/m?*/day i.v. on day 1, every 4 weeks

Dose modification » Chap. 3.2.4, incompatibility » Chap. 3.2.6, stability » Chap. 3.2.7
ATTN: patients should avoid sunlight (photosensitivity). Antiemetic prophylaxis mandatory
BEFORE TREATMENT: full blood count, liver and renal function tests (creatinine clearance)
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Part 3 Pharmacology and Pharmacotherapy

Dactinomycin (Actinomycin D)

Chem: Peptide antibiotic
L-Pro L-Pro
7 N
Sar D-Val D-Val S?r
M-Meval L-Thr O O LThr M-Meval
NA~ NAT
o) 0]
N NH,
A
@) (@)
MOA: « DNA intercalation, inhibition of RNA and protein synthesis
o Inhibition of topoisomerase II
Pkin: +  Kinetics: strong tissue binding, half-life: terminal t% 30-40 h
«  Metabolism: hepatic degradation, renal and biliary excretion of unchanged drug (70%) and
metabolites
Se: « Bone marrow: prolonged myelosuppression (dose-limiting), neutropenia, thrombocytopenia,
anemia

+ Gastrointestinal: severe nausea / vomiting, mucositis, gastrointestinal ulcers, diarrhea, loss of
appetite, dysphagia

o Liver: hepatitis (rare), impaired liver function, hepatomegaly, ascites

+ Kidney: impaired renal function (rare)

o Skin: alopecia, acne, erythema, exanthema, desquamation, hyperpigmentation, delayed tissue
reaction in a previously irradiated site (“radiation recall reaction”), rarely allergic reactions up
to anaphylaxis

o Local toxicity (extravasation » Chap. 9.9): phlebitis, necrosis

o Other: rarely, flu-like symptoms (fever, myalgia)

Ci:  Severely impaired liver or renal function
o Acute infections (especially varicella, Herpes zoster)

Th: Approved indications: Wilms' tumor, soft tissue sarcomas, testicular cancer, choriocarcinoma,
uterine cancer
Other areas of use: trophoblastic tumors, AML, osteosarcomas, melanomas, endometrial cancer,
ovarian cancer

Dosage and Administration
o Standard dose: various protocols:
- 0.25-0.6 mg/m?*/day i.v. on days 1-5, every 3-5 weeks
- 1.0-2.0 mg/m?*/day i.v. on day 1, every 3-5 weeks
- 35-50 pg/kg as an isolated limb perfusion
o Dose modification » Chap. 3.2.4, incompatibility » Chap. 3.2.6, stability » Chap. 3.2.7
o BEFORE TREATMENT: full blood count, liver and renal function tests (creatinine clearance)
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3.2 Characteristics of Clinically Used Cytostatic Drugs

Chem:

MOA:

Pkin:

Se:

Ci:

Th:

Daunorubicin (DNR, Rubidomycin), Liposome-encapsulated Daunorubicin

Anthracycline, antineoplastic glycoside antibiotic

HO NH,

o DNA intercalation, induction of DNA strand breaks, generation of free oxygen radicals, inhi-
bition of topoisomerase II
o Cell-cycle-specific: S/G2 phases

+ Kinetics: half-life: terminal t%2 15-48 h
o Metabolism: hepatic degradation to active (daunorubicinol) and inactive metabolites, aglycon
formation, biliary (50%) and renal (< 20%) excretion

«  Bone marrow: myelosuppression (dose-limiting), leukopenia and thrombocytopenia
« Cardiovascular: acute and chronic cardiotoxicity (dose-limiting)

— Acute: ECG changes, arrhythmias, ischemia, infarction

— Chronic: congestive cardiomyopathy with decreased left ventricular ejection fraction
(LVEF)

—  Risk factors: pre-existing cardiac disorders, age < 15 or > 60 years, fast bolus injection, me-
diastinal radiation, total dose of > 500-600 mg/m”. Liposome-encapsulated daunorubicin
shows reduced cardiotoxicity

o Gastrointestinal: nausea, vomiting, mucositis, stomatitis, diarrhea (rare)

o Liver: transient elevation of transaminases

o Skin: exanthema, urticaria, alopecia, delayed tissue reaction in a previously irradiated site (“ra-
diation recall reaction”), nail changes, hyperpigmentation (rare)

o Local toxicity (extravasation » Chap. 9.9): causes severe necrosis

o Other: infertility, peripheral neuropathy (rare), red urine

o Cardiac disease (arrhythmias, myocardial infarction, coronary heart disease, heart failure)
o Severely impaired liver function, acute infections

Approved indications: ALL, AML (daunorubicin), AIDS-associated Kaposi’s sarcoma (liposome-
encapsulated daunorubicin)
Other areas of use: NHL, CML, neuroblastoma

Dosage and Administration

«  Daunorubicin: 45-60 mg/m?/day i.v. on days 1-3, every 4 weeks

o Liposome-encapsulated daunorubicin: 40 mg/m>/day i.v. every 2 weeks

o Dose modification » Chap. 3.2.4, incompatibility » Chap. 3.2.6, stability » Chap. 3.2.7

o ATTN: cumulative threshold dose 500-600 mg/m? with daunorubicin

« BEFORE TREATMENT: full blood count, liver and renal function tests (creatinine clearance),
cardiac evaluation, echocardiogram / radionuclide ventriculography
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Part 3 Pharmacology and Pharmacotherapy
Decitabine (5-aza-2’-deoxycytidine)
Chem: 4-Amino-1-(2-deoxy-B-D-erythro-pentofuranosyl)-1,3,5-triazin-2(1H)-one, pyrimidine nucleo-
side analog
NH,
Ay
L
N (0]
HO
O
HO
MOA: « Inhibition of DNA methyltransferase after incorporation into DNA
o Causes demethylation and hypomethylation of DNA, potentially with functional changes of
genes regulating differentiation, proliferation, and apoptosis
Pkin: o Kinetics: terminal half-life t/2 0.5 £ 0.3 h
 Elimination: deamination by cytidine deaminase (liver, granulocytes, intestinal epithelia)
Se: o Bone marrow: anemia, leucopenia, neutropenia, thrombocytopenia
o Respiratory: cough, dyspnea, respiratory tract infections, pneumonia, pharyngitis
o Cardiovascular: tachycardia, atrial fibrillation (rare), cardiac failure (rare), myocardial infarc-
tion (rare)
+ Gastrointestinal: nausea / vomiting, diarrhea, constipation, anorexia, abdominal pain
« Liver / pancreas: transient elevation of liver enzymes, bilirubin 1
« Kidney: dysuria (rare), impaired renal function, hypokalemia, hypomagnesemia
o Skin: erythema, rash, ecchymosis, pruritus, alopecia
o Nervous system: headache, dizziness, confusion, anxiety, depression, lethargy, insomnia
o Other: fever, infections, fatigue, weakness, rigors, arthralgia, back pain, edema, hyperglyce-
mia
Ci: « Known hypersensitivity to decitabine
« Uncontrolled active infection
Th: Approved indications: MDS (intermediate-1, intermediate-2, high-risk IPSS groups)
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Other areas of use: AML, CML, sickle cell anemia

Dosage and Administration

« 15 mg/m?*/day c.i.v. over 3 h every 8 h for 3 days, repeat every 6 weeks for a minimum of 4 cy-
cles

o ATTN: decitabine may be embryotoxic, teratogenic, and mutagenic in humans. Appropriate
precautions should be taken to avoid pregnancy and fathering. Monitoring of blood counts,
liver enzymes, and renal function recommended

o BEFORE TREATMENT: full blood count, liver and renal function tests, electrolytes



3.2 Characteristics of Clinically Used Cytostatic Drugs

Chem:

MOA:

Pkin:

Se:

Ci:

Th:

Docetaxel

Taxane derivative, plant alkaloid, mitotic inhibitor

Stabilization of tubulin polymers, inhibition of spindle formation, mitotic arrest
Cell-cycle-specific: M phase

Kinetics: highly protein bound, half-life: terminal t¥2 10-19 h
Metabolism: hepatic degradation, cytochrome P450-dependent hydroxylation, biliary excre-
tion (> 80-90%), renal excretion (< 10-20%)

Bone marrow: myelosuppression dose-limiting, neutropenia, thrombocytopenia, anemia
Cardiovascular: arrhythmias (rare), symptoms of ischemia

Gastrointestinal: nausea / vomiting, mucositis, diarrhea, constipation

Liver: transient elevation of transaminases, liver impairment (rare)

Skin: alopecia, dermatotoxicity (50-75%): erythema, exanthema, pruritus, dysesthesia, nail
changes, epidermolysis (rare)

Nervous system: peripheral neurotoxicity (40-70%) with paresthesias and motor disturbances,
paralytic ileus (rare), rarely central nervous system disorders (weakness, visual disturbances,
seizures)

Local toxicity (extravasation » Chap. 9.9): phlebitis, necrosis

Other: hypersensitivity reactions (flushing, urticaria, transient myalgia, hypotension (rare),
bronchospasm, angioedema). Fatigue, reduced performance status, loss of appetite, fluid re-
tention (increased capillary permeability) with weight gain, edema, hypotension, pleural effu-
sion, ascites (especially with cumulative dose > 400 mg/m?®)

Severely impaired liver function, pre-existing cardiac disease

Approved indications: lung cancer, breast cancer
Other areas of use: ovarian cancer, gastrointestinal tumors, bladder cancer, prostate cancer, head
and neck tumors, sarcomas

Dosage and Administration

Standard dose: 60-100 mg/m®/day i.v. on day 1, every 3 weeks or 35 mg/m?/day, weekly for
6 weeks

Dose modification » Chap. 3.2.4, incompatibility » Chap. 3.2.6, stability » Chap. 3.2.7
ATTN: fluid retention with cumulative dose > 400 mg/m?

BEFORE TREATMENT: full blood count, electrolytes, liver and renal function tests, cardiac
evaluation. Premedication with dexamethasone; H1 blockers, H2 blockers, and diuretics may
be given if required
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Part 3 Pharmacology and Pharmacotherapy
Doxorubicin (DXR, Adriamycin, ADR), Liposome-encapsulated Doxorubicin
Chem: Anthracycline, hydroxydaunorubicin, antineoplastic glycoside antibiotic
(o} OH o
OH
QUL =
H,CO O HO H o
H,C o
HO NH,
MOA: « DNA intercalation, induction of DNA strand breaks, generation of free oxygen radicals, inhi-
bition of topoisomerase II
o Cell-cycle-specific: S/G2 phases
Pkin: +  Kinetics: 70% plasma protein-bound, half-life: triphasic pattern, terminal t% 21-90 h
o Metabolism: hepatic degradation to active (doxorubicinol) and inactive metabolites, aglycon
formation. Biliary (50%) and renal (< 10%) excretion
Se: «  Bone marrow: myelosuppression (dose-limiting), leukopenia, thrombocytopenia
« Cardiovascular: cardiotoxicity (dose-limiting)
- Acute cardiotoxicity: ECG changes, arrhythmias, ischemia, infarction
- Chronic cardiotoxicity: congestive cardiomyopathy with decreased LVEF
- Risk factors: pre-existing cardiac disorders, age < 15 or > 60 years, rapid bolus injection,
mediastinal radiation, total dose of 400-550 mg/m?

 Gastrointestinal: nausea / vomiting, mucositis, stomatitis, diarrhea (rare)

o Skin: exanthema, urticaria, alopecia, delayed tissue reaction in a previously irradiated site (“ra-
diation recall reaction”), nail changes, hyperpigmentation (rare); reversible erythrodysesthesia
with liposome-encapsulated doxorubicin

o Local toxicity (extravasation » Chap. 9.9): causes severe necrosis

o Other: fever, allergic reactions, red urine

Ci: o Cardiac disease (arrhythmias, myocardial infarction, coronary heart disease, heart failure)
o Severely impaired liver function, acute infections
Th: Approved indications: solid tumors (e.g., small cell lung cancer, breast cancer, ovarian cancer, en-
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dometrial cancer, bladder cancer, thyroid cancer, sarcomas, Wilms’ tumor), malignant lymphomas
(e.g., Hodgkin’s disease, multiple myeloma, NHL), AML, ALL

Dosage and Administration

« Doxorubicin: 45-75 mg/m?/day every 21-28 days, 10-20 mg/m?/day i.v. weekly
High-dose therapy: 90-150 mg/m®/day (ATTN: only in transplant centers)

« Liposome-encapsulated doxorubicin: 20-50 mg/m?*/day i.v. every 3-4 weeks

o Dose modification » Chap. 3.2.4, incompatibility » Chap. 3.2.6, stability » Chap. 3.2.7

o ATTN: cumulative threshold dose 400-550 mg/m?* with doxorubicin

o BEFORE TREATMENT: full blood count, liver and renal function tests (creatinine clearance).
Cardiac evaluation with echocardiography or radionuclide ventriculography



3.2 Characteristics of Clinically Used Cytostatic Drugs

Chem:

MOA:

Pkin:

Se:

Ci:

Th:

Epirubicin (EPI)

Anthracycline, antineoplastic glycoside antibiotic

Cece

H,CO O HOH O

[0}
OH
OH

H4C o

HO NH,

» DNA intercalation, induction of DNA strand breaks, generation of free oxygen radicals, inhi-
bition of topoisomerase II
o Cell-cycle-specific: /G2 phases

o Kinetics: half-life: triphasic pattern, terminal t¥2 18-45 h
o Metabolism: hepatic degradation, glucuronidation, biliary (50%) and renal (< 10%) excretion

o Bone marrow: myelosuppression (dose-limiting), leukopenia and thrombocytopenia
o Cardiovascular: less cardiotoxic than daunorubicin or doxorubicin:
- Acute cardiotoxicity: ECG changes, arrhythmias, ischemia, infarction
- Chronic cardiotoxicity: congestive cardiomyopathy with decreased LVEF
- Risk factors: pre-existing cardiac disorders, age < 15 or > 60 years, rapid bolus injection,
mediastinal radiation, cumulative dose > 900-1,000 mg/m?
o Gastrointestinal: nausea / vomiting, mucositis, stomatitis, diarrhea (rare)
o Skin: exanthema, urticaria, delayed tissue reaction in a previously irradiated site (“radiation
recall reaction”), nail changes, hyperpigmentation (rare). Moderate alopecia
o Local toxicity (extravasation » Chap. 9.9): causes severe necrosis
o Other: infertility, allergic reactions, red urine

o Cardiac disease (arrhythmias, myocardial infarction, coronary heart disease, heart failure)
o Severely impaired liver function

Approved indications: solid tumors: (lung cancer, breast cancer, ovarian cancer, gastrointestinal
tumors, prostate cancer, soft tissue sarcoma), lymphomas

Dosage and Administration

« Standard dose: 40-100 mg/m?/day i.v. every 3—4 weeks or 15-30 mg/m?/day i.v. weekly

 High-dose therapy: 120-180 mg/m?*/day (ATTN: only in transplant centers)

« Topical administration: intravesical instillation in bladder cancer

o Dose modification » Chap. 3.2.4, incompatibility » Chap. 3.2.6, stability » Chap. 3.2.7

o ATTN: cumulative threshold dose 900-1,000 mg/m?

o BEFORE TREATMENT: full blood count, liver and renal function tests (creatinine clearance).
Cardiac evaluation with echocardiogram or radionuclide ventriculography
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Part 3 Pharmacology and Pharmacotherapy
Estramustine Phosphate
Chem: Estra-1,3,5(10)-triene-3,17-diol(17beta)-, 3-[bis(2-chloroethyl)carbamate]
Combination molecule with estradiol and alkylating moieties
?H
O=p—OH
]
o
Cl—H,C—H,C \N/U\O
Cl—HpC—H,C~
MOA: « Estrogen-like effect, antigonadotropic effect
o Alkylating agent: DNA and RNA alkylation, DNA strand breaks, cross-linking
» Interaction with tubulin, interference with formation of microtubules, mitotic arrest
Pkin: + Kinetics: oral bioavailability 75%, absorption inhibited by calcium-rich beverages / foods
(milk, etc.). Half-life: initial t% 90 min, terminal t¥% 20-24 h
o Metabolism: dephosphorylation, cleavage of carbamide bond with release of estrogen moiety
and bifunctional alkylating agent, biliary and renal excretion of metabolites
Se: + Bone marrow: moderate myelosuppression (rare)
o Cardiovascular: cardiovascular disorders in 10-25% of patients: phlebitis, thromboembolism,
angina pectoris symptoms, ischemia, heart failure, edema
 Gastrointestinal: nausea / vomiting, loss of appetite, diarrhea (rare)
o Liver: transient elevation of transaminases, cholestasis (rare)
o Skin: erythema, skin irritation, pruritus, alopecia
o Local toxicity (extravasation » Chap. 9.9): local phlebitis
o Other: gynecomastia (50% of patients, prophylactic breast irradiation possible before therapy).
Loss of libido, impotency (20-50%), paresthesia in perineum or prostatic area. Allergic reac-
tions
Ci: o Thrombophilia, thromboembolism, cardiovascular disease
o Impaired liver function, gastrointestinal ulcers, Herpes zoster
Th: Approved indications: prostate cancer
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Dosage and Administration

Intravenous administration: 350-450 mg/day i.v. daily, for 5-10 days

Oral administration: 3 x 280 mg/day for 28 days. With response, continue treatment with
2 x 280 mg/day

Dose modification » Chap. 3.2.4, incompatibility » Chap. 3.2.6, stability » Chap. 3.2.7
ATTN: reduced absorption with oral intake of calcium-containing foods or beverages (milk,
calcium-containing water, etc.)

BEFORE TREATMENT: full blood count, liver and renal function tests, cardiac evaluation



3.2 Characteristics of Clinically Used Cytostatic Drugs

Chem:

MOA:

Pkin:

Se:

Ci:

Th:

Etoposide (VP-16), Etoposide Phosphate

4’-Demethylepipodophyllotoxin 9-(4,6-0-ethylidene-beta-D-glucopyranoside
Epipodophyllotoxin derivative, plant alkaloid, topoisomerase II inhibitor. Etoposide phosphate is
a water-soluble phosphate ester of the plant alkaloid etoposide.

HSC_VO

o} O,
HO

o Inhibition of topoisomerase IT — mitotic arrest — DNA strand breaks
o Cell-cycle-specific: G2/S/M phases

 Kinetics: oral bioavailability 30-70%, half-life: terminal t% 4-14 h. Etoposide phosphate is
phosphorylated to etoposide with t'2 7 min

o Metabolism: hepatic degradation, renal and biliary excretion of unchanged drug and metabo-
lites

«  Bone marrow: myelosuppression (dose-limiting), neutropenia, thrombocytopenia

o Cardiovascular: arrhythmias (rare), hypotension with intravenous administration, ischemia

o Gastrointestinal: nausea / vomiting (mainly with oral administration), mucositis, dysphagia,
diarrhea, constipation, loss of appetite

o Liver: transient elevation of transaminases

o Skin: moderate alopecia, erythema (rare), hyperpigmentation, pruritis

o Nervous system: rarely peripheral neuropathy or central nervous systems disorders

o Other: infertility, allergic reactions (fever, chills, bronchospasm, skin reactions), anaphylaxis

o Severely impaired liver or renal function, neurological disorders
« Pre-existing cardiac disease (especially angina pectoris / coronary heart disease)

Approved indications: lung cancer, testicular cancer, ovarian cancer, choriocarcinoma, Hodgkin’s
disease, NHL, AML
Other areas of use: gastrointestinal tumors, sarcomas, breast cancer

Dosage and Administration

o Etoposide: 50 mg/m*/day p.o. on days 1-21, or 50-120 mg/m*/day i.v. on days 1-5, every
3-4 weeks
— High-dose therapy: 500 mg/m*/day i.v. on days 1-3 (ATTN: only in transplant centers)

o Etoposide phosphate: 100 mg etoposide is equivalent to 113.6 mg etoposide phosphate

o Dose modification » Chap. 3.2.4, incompatibility » Chap. 3.2.6, stability » Chap. 3.2.7

o ATTN: calcium antagonists may enhance etoposide cytotoxicity

o BEFORE TREATMENT: full blood count, liver and renal function tests (creatinine clearance)
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Fludarabine (2-Fluoro-ara-AMP, Fludarabine Phosphate)
Chem: 9-B-D-Arabinosyl-2-fluoroadenine, purine analog, antimetabolite
NH,
N
N7 \>
)l\ 7
F N N

H,PO,—HOHC 0

HO
HO
MOA: Incorporated into DNA and RNA, inhibition of DNA polymerase a, ribonucleotide reductase,
DNA primase and ligase
Pkin: o Kinetics: half-life: initial t% 0.6-2 h, terminal t%2 7-20 h

o Metabolism: dephosphorylation in plasma, intracellular rephosphorylation by deoxycytidine
kinase, formation of active triphosphate derivative F-Ara-ATP, renal excretion

Se: o Bone marrow: myelosuppression dose-limiting, leukopenia, thrombocytopenia, anemia

« Cardiovascular: acute cardiotoxicity with arrhythmias (rare), hypotension

o Pulmonary: acute pulmonary toxicity (rare), dyspnea, interstitial infiltrates

« Gastrointestinal: nausea / vomiting (rare), mucositis, loss of appetite, diarrhea

o Liver: transient elevation of transaminases, cholestasis (rare)

o Skin: moderate alopecia (rare), erythema (rare), dermatitis

o Nervous system: peripheral neuropathy with paresthesias (15% of patients), central nervous
system disorder with somnolence, weakness, confusion, delayed CNS toxicity with higher
doses, demyelination, visual disturbances, seizures, coma

o Other: immunosuppression with T-cell deficiency (CD4+ ||, CD8+ |) and increased in-
cidence of opportunistic infections. Fever, myalgia. Isolated cases of tumor lysis syndrome

(» Chap. 9.6)
Ci: Severely impaired renal function
Th: Approved indications: B-CLL

Other areas of use: other low malignant NHL, cutaneous T-cell lymphomas, Hodgkin’s disease.
High-dose therapy before stem cell transplantation

Dosage and Administration

« Standard dose: 20-30 mg/m?*/day i.v. on days 1-5, repeat every 3—4 weeks

o Dose modification » Chap. 3.2.4, incompatibility » Chap. 3.2.6, stability » Chap. 3.2.7

o BEFORE TREATMENT: full blood count, liver and renal function tests (creatinine clearance),
exclude pre-existing neuropathy
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3.2 Characteristics of Clinically Used Cytostatic Drugs

Chem:

MOA:

Pkin:

Se:

Ci:

Th:

Fluorouracil (5-FU)

5-Fluoro-2,4(1H, 3H)-pyrimidinedione, pyrimidine analog, antimetabolite

NH,

HN
A
N

H

O

Inhibition of thymidylate synthetase by FAUMP — thymidine synthesis |, incorporated into
RNA, inhibition of RNA synthesis by FUTP
Cell-cycle-specific: S phase

Kinetics: enters cerebrospinal fluid, half-life: initial t'» 8-14 min, terminal t¥2 5 h

Metabolism: intracellular activation and phosphorylation (formation of FAUMP, FUTP etc.).
Degradation in liver and intestinal mucosa by dihydropyrimidine dehydrogenase (DPD). Meta-
bolic elimination (90%), renal excretion (10%)

Bone marrow: myelosuppression dose-limiting, mainly with bolus administration, leukopenia,
thrombocytopenia, anemia

Cardiovascular: acute cardiotoxicity with arrhythmias (rare), angina pectoris, ischemia up to
myocardial infarction in isolated cases

Gastrointestinal: nausea / vomiting, loss of appetite, in some cases severe mucositis / diarrhea
(delayed toxicity), dose-limiting, especially following continuous infusion

Skin: conjunctivitis, lacrimation 1, dermatitis, erythema, palmar-plantar erythrodysesthesia,
hyperpigmentation, moderate alopecia

Nervous system: rarely central nervous system disorder (somnolence, confusion), reversible
cerebellar disorder (ataxia, vertigo, tiredness, speech disorders)

Other: allergic reactions, thrombophlebitis, fever

Severely impaired liver function, pre-existing stomatitis / diarrhea
DPD deficiency

Approved indications: gastrointestinal tumors, breast cancer
Other areas of use: ovarian cancer, cervical cancer, prostate cancer, bladder cancer, head and neck
tumors. Topical application: solar keratoses, Bowen’s disease, basal cell carcinoma

Dosage and Administration

Standard dose: various protocols:

- 400-1,000 mg/m?*/day i.v. on days 1-5, every 2-4 weeks

- 600-1,000 mg/m?*/day i.v. on day 1, every 7-14 days

— Continuous infusion 2,600 mg/m?*/week c.v.i.

— Intra-arterial administration as regional chemotherapy (e.g., liver perfusion)

Dose modification » Chap. 3.2.4, incompatibility » Chap. 3.2.6, stability » Chap. 3.2.7
BEFORE TREATMENT: full blood count, liver and renal function tests (creatinine clearance)

Folinic Acid (Calcium Folinate):

Folinic acid increases cytotoxic effect of 5-FU
Combination therapy 5-FU + folinic acid: always administer folinic acid before 5-FU
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Part 3 Pharmacology and Pharmacotherapy
Gemcitabine (DFDC)
Chem: 2,2’-Difluorodeoxycytidine, pyrimidine analog, antimetabolite
NH,
N~ |
o)\N
HOH,C o
F
HO F
MOA: « Inhibition of ribonucleotide reductase, inhibition of deoxycytidine deaminase, incorporated
into DNA by DNA polymerases, induction of DNA strand breaks
o Cell-cycle-specific: G1/S phases
Pkin: « Kinetics: negligible plasma protein binding, half-life: initial t% 8 min, terminal t%2 14 h
o Metabolism: intracellular activation by phosphorylation. Deamination in plasma. Metabolized
into cytostatically inactive metabolite 2’-deoxydifluorouridine in liver, kidney, and other tis-
sues. Renal (10%) and metabolic (90%) excretion
Se: « Bone marrow: pronounced myelotoxicity (dose-limiting) with neutropenia in 25% of patients,
thrombocytopenia (rare) in 25% of patients, anemia
o Pulmonary: pulmonary edema (rare)
 Gastrointestinal: nausea, vomiting (15%), diarrhea (rare), mucositis (rare)
o Liver: transient elevation of transaminases
+ Kidney: moderate proteinuria / hematuria, hemolytic uremic syndrome (rare)
o Skin: erythema, pruritus, alopecia (rare), edema
o Other: peripheral edema, flu-like symptoms (may be treated with paracetamol); in rare cases
infusion reactions (flushing, dyspnea, facial edema, headache, hypotension)
Ci: Severely impaired liver and renal function
Th: Approved indications: non-small cell lung cancer, breast cancer, pancreatic cancer, bladder cancer,
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ovarian cancer, lymphoma
Other areas of use: testicular tumors

Dosage and Administration

Standard dose: 1,000 mg/m?/day i.v. on days 1, 8, 15, repeat on day 29
Dose modification » Chap. 3.2.4, incompatibility » Chap. 3.2.6, stability » Chap. 3.2.7
BEFORE TREATMENT: full blood count, liver and renal function tests



3.2 Characteristics of Clinically Used Cytostatic Drugs

Chem:

MOA:

Pkin:

Se:

Ci:

Th:

Hydroxyurea (Hydroxycarbamide)

Hydroxycarbamide, antimetabolite

H,N— CO—NH—OH

Inhibition of ribonucleotide reductase, inhibition of DNA synthesis
Cell-cycle-specific: S phase

Kinetics: oral bioavailability 80-90%, enters cerebrospinal fluid, half-life: t%» 2-5 h
Metabolism: rapid hepatic inactivation, predominantly renal excretion of unchanged drug
(50%) and inactive metabolites (50%)

Bone marrow: myelosuppression dose-limiting with leukopenia, thrombocytopenia, anemia,
megaloblastosis in bone marrow

Pulmonary: acute pulmonary toxicity with diffuse pulmonary infiltration (rare), pulmonary
edema

Gastrointestinal: moderate nausea, vomiting, loss of appetite. In rare cases mucositis, diarrhea,
constipation

Liver: transient elevation of transaminases, cholestasis (rare)

Kidney: renal function disorders (rare) with proteinuria, hyperuricemia

Skin: exanthema, erythema (especially face and neck), hyperpigmentation (rare), nail changes,
alopecia, delayed tissue reaction in a previously irradiated site (“radiation recall reaction”)
Nervous system: peripheral / central neurotoxicity (rare)

Other: flu-like symptoms (rare), fever

Severely impaired liver or renal function

Approved indications: CML
Other areas of use: myeloproliferative syndromes, cervical cancer, prostate cancer

Dosage and Administration

Standard dose: 500-1,000 mg/m?/day (or 15-30 mg/kg body weight/day) daily p.o.; with long-
term therapy, dose is adjusted according to leukocyte count

With solid tumors: 2,000-3,000 mg/m?*/day (or 60-80 mg/kg body weight/day) every third
day

Dose modification » Chap. 3.2.4

BEFORE TREATMENT: full blood count, liver and renal function tests (creatinine clearance)
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Part 3 Pharmacology and Pharmacotherapy

Idarubicin (IDA)

Chem: 4-Demethoxydaunorubicin, anthracycline, antineoplastic glycoside antibiotic

MOA: .

Pkin: .

Se: .

Ci: .

DNA intercalation, induction of DNA strand breaks, generation of free oxygen radicals, inhi-
bition of topoisomerase II
Cell-cycle-specific: S/G2 phases

Kinetics: oral bioavailability 30-35%, enters cerebrospinal fluid, half-life: triphasic pattern, ter-
minal t¥% 6-25 h

Metabolism: hepatic degradation active (idarubicinol) and inactive metabolites, aglycon for-
mation, biliary (50%) and renal (10%) excretion

Bone marrow: myelosuppression (dose-limiting), leukopenia and thrombocytopenia

Cardiovascular: less cardiotoxic than other anthracyclines:

— Acute cardiotoxicity: ECG changes, arrhythmias, ischemia, infarction

—  Chronic cardiotoxicity: congestive cardiomyopathy (rare)

— Risk factors: pre-existing cardiac disorders, age < 15 or > 60 years, rapid bolus injection,
mediastinal radiation, cumulative dose > 150-290 mg/m>

Gastrointestinal: nausea, vomiting (80%), mucositis, stomatitis, diarrhea (rare)

Liver: transient elevation of transaminases

Skin: dermatitis, exanthema, urticaria, alopecia, delayed tissue reaction in a previously irradi-

ated site (“radiation recall reaction”), palmar-plantar erythrodysesthesia (rare)

Local toxicity (extravasation » Chap. 9.9): causes severe necrosis

Other: infertility, fever, allergic reactions, red urine

Severe cardiac disorders (arrhythmias, myocardial infarction, coronary heart disease, heart
failure, etc.)
Severely impaired liver and renal function, acute infections

Th: Approved indications: AML, ALL
Other areas of use: breast cancer, CML in blast crisis

Dosage and Administration
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Standard dose: 10-12 mg/m? i.v. or 35-50 mg/m” p.o. on days 1-3, every 3-4 weeks

Dose modification » Chap. 3.2.4, incompatibility » Chap. 3.2.6, stability » Chap. 3.2.7
ATTN: cumulative threshold dose of 150-290 mg/m?

BEFORE TREATMENT: full blood count, liver and renal function tests. Cardiac evaluation,
echocardiogram or radionuclide ventriculography if risk factors present



3.2 Characteristics of Clinically Used Cytostatic Drugs

Chem:

MOA:

Pkin:

Se:

Ci:

Th:

Ifosfamide

N,3-Bis(2-chloroethyl)tetrahydro-2H-1,3,2-oxazaphosphorin-2-amine 2-oxide
Oxazaphosphorine, bifunctional alkylating agent

I
O\FI’—N—CHz—CHz—CI
N—CH,—CH,—ClI

DNA and RNA alkylation, DNA strand breaks, DNA intercalation, DNA synthesis |
Cell-cycle-specific: S phase

Kinetics: half-life: terminal t%2 5-6 h

Metabolism: slow hepatic hydroxylation by microsomal cytochrome P450 oxidase, release of
active metabolite (isophosphoramide mustard) in plasma and tissue, hepatic degradation into
inactive metabolites, renal excretion of unchanged drug (15-55%) and metabolites

Bone marrow: myelosuppression dose-limiting, leukopenia and thrombocytopenia
Gastrointestinal: acute and delayed nausea (50%), vomiting, mucositis, diarrhea, loss of appe-
tite

Liver: transient elevation of transaminases, cholestasis (rare)

Genitourinary: hemorrhagic cystitis, impaired renal function

Skin: alopecia (80%), erythema (rare), urticaria (rare), nail changes, hyperpigmentation, der-
matitis

Nervous system: acute encephalopathy and cerebellar neurotoxicity, especially in the presence
of impaired renal function or acidosis: confusion, psychosis, ataxia, seizures, somnolence,
coma (prophylaxis: sodium carbonate, treatment: methylene blue)

Other: infertility, fever

Severely impaired liver or renal function, acute infections
Cystitis, urinary tract obstruction

Approved indications: testicular tumor, lung cancer, ovarian cancer, cervical cancer, pancreatic
cancer, soft tissue sarcomas, lymphomas
Other areas of use: breast cancer, osteosarcoma

Dosage and Administration

Standard dose: various protocols:

- 1,200-2,400 mg/m?/day i.v. mornings, for 3-5 days

- 4,000-8,000 mg/m?/day c.i.v. for 24 h

Dose modification » Chap. 3.2.4, incompatibility » Chap. 3.2.6, stability » Chap. 3.2.7
ATTN: prophylaxis of hemorrhagic cystitis: fluid replacement (aim: urine volume > 200 ml/
h), administration of mesna. Effects enhanced by barbiturates (cytochrome P450 activation)
and cimetidine

BEFORE TREATMENT: full blood count, liver and renal function tests (creatinine clearance);
alkalinization
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Part 3 Pharmacology and Pharmacotherapy

Irinotecan (CPT-11)

Chem: Camptothecin analog, topoisomerase I inhibitor

MOA: « Inhibition of topoisomerase I, DNA religation || — DNA strand breaks and DNA intercala-
tion
o Cell-cycle-specific: G2/M phases
Pkin: o Kinetics: ubiquitous distribution, enters cerebrospinal fluid, third space fluid accumulation
(pleural effusions, ascites), half-life: t}» 14-18 h
o Metabolism: intracellular activation by carboxylesterase to active metabolite SN-38 (7-ethyl-
10-hydroxy-camptothecin), hepatic degradation to inactive metabolites, biliary and renal ex-
cretion of active and inactive metabolites
Se: o Bone marrow: myelosuppression dose-limiting, neutropenia, eosinophilia, thrombocytopenia,
anemia
o Cardiovascular: thromboembolic events (rare)
« Gastrointestinal: nausea, vomiting, loss of appetite, delayed and in some cases severe diarrhea
with mucositis (5-10 days after administration) in 10-20% of patients
o Liver: transient elevation of transaminases
+ Kidney: reversible decrease of renal function, microscopic hematuria
« Hematology: alopecia, erythema
o Other: acute cholinergic syndrome (acute diarrhea, salivation, lacrimation, etc. within 24 h
of administration) especially with doses > 300 mg/m?; treat with atropine 0.25-1 mg. Fever,
weakness, reduced performance status.
Ci: Pre-existing diarrhea, acute infections
Th: Approved indications: metastatic colorectal cancer

Other areas of use: gastrointestinal tumors, lung cancer, ovarian cancer, cervical cancer

Dosage and Administration

102

Standard dose: various protocols:

- 250-350 mg/m*/day i.v. on day 1, every 3 weeks

- 100-125 mg/m?*/day i.v. on days 1, 8, 15, 22, every 6 weeks

Dose modification » Chap. 3.2.4, incompatibility » Chap. 3.2.6, stability » Chap. 3.2.7
ATTN: for severe delayed diarrhea, loperamide may be given. With diarrhea in the neutrope-
nic phase, there is a risk of gram-negative sepsis

BEFORE TREATMENT: full blood count, liver and renal function tests (creatinine clearance)



3.2 Characteristics of Clinically Used Cytostatic Drugs

Chem:

MOA:

Pkin:

Se:

Ci:

Th:

Lenalidomide

3-(4-Amino-1-oxo 1,3-dihydro-2H-isoindol-2-yl)piperidine-2,6-dione, thalidomide analog

NH,

N
o} N

o

Mechanism of action not fully characterized. Proposed mechanisms include:

Immunomodulation: immunosuppressive properties, proinflammatory cytokines |, anti-in-
flammatory cytokines 1, tumor necrosis factor |, cyclooxygenase-2 (COX-2) |
Anti-angiogenic properties

Direct antineoplastic / cytotoxic activity in cells of lymphatic origin

Kinetics: rapid oral absorption, peak plasma concentration after 0.6-1.5 h, protein binding
30%, half-life t¥2 3 h
Metabolism: renal excretion (> 65% as unchanged drug)

Bone marrow: severe myelosuppression (80%), with leukopenia, neutropenia (59%), thrombo-
cytopenia (62%), anemia

Pulmonary: cough, dyspnea, upper respiratory tract infections, pneumonia

Cardiovascular: edema, chest pain, atrial fibrillation, cardiac failure, myocardial infarction,
hypertension, thromboembolic events, pulmonary embolism

Gastrointestinal: nausea / vomiting, diarrhea, anorexia, constipation, abdominal pain
Hepatic: transient increase of liver enzymes, hyperbilirubinemia

Kidney: dysuria, serum creatinine 1, hypokalemia, hypomagnesemia

Skin: erythema, pruritis, rash, dry skin, ecchymosis, petechiae, sweating

Nervous system: headache, dizziness, confusion, depression, insomnia, peripheral neuropathy
Other: fever, fatigue, infections, arthralgia, myalgia, back pain, asthenia, hypothyroidism

Pregnant women or women capable of becoming pregnant. Female patients must use two dif-
ferent methods of contraception. Male patients must use condoms.
Hypersensitivity to lenalidomide

Approved indications: MDS with deletion 5q- and transfusion-dependent anemia, multiple mye-
loma
Other areas of use: MDS (non-5q-)

Dosage and Administration

Standard dose: 10 mg p.o. daily

ATTN: potential for life-threatening human birth defects. Appropriate precautions should be
taken to avoid pregnancy and fathering. In order to avoid fetal exposure to lenalidomide, in
the US the drug is only available under a special restricted distribution program. Hemato-
logical toxicity (neutropenia, thrombocytopenia) requires weekly monitoring. Significantly
increased risk of deep venous thrombosis and pulmonary embolism

BEFORE TREATMENT: full blood count, liver and renal function tests, electrolytes, thyroid
function tests, pregnancy test (in women of childbearing potential)
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Part 3 Pharmacology and Pharmacotherapy
Lomustine (CCNU)
Chem: 1-(2-Chloroethyl)-3-cyclohexyl-1-nitrosourea, alkylating agent
L CH,—CH,—ClI
<:>— HN—CO —N__
N=0
MOA: « DNA and RNA alkylation (O° position of guanine), DNA strand breaks, cross-linking, inhibi-
tion of DNA polymerase and RNA synthesis
o Cell cycle non-specific (including GO phase)
Pkin:  Kinetics: high oral availability, lipophilic compound, enters cerebrospinal fluid, half-life: t%2
2 h, t% of the metabolites 5-72 h
o Metabolism: hepatic hydroxylation (cytochrome P450) to active metabolites, spontaneous deg-
radation to inactive metabolites, renal excretion of unchanged drug and metabolites
Se: « Bone marrow: prolonged and cumulative myelosuppression (dose-limiting), leukopenia and
thrombocytopenia after 4-6 weeks, anemia
o Pulmonary: pulmonary infiltrates and pulmonary fibrosis (cumulative)
 Gastrointestinal: nausea / vomiting (within 6-24 h), mucositis, diarrhea, loss of appetite
o Liver: transient elevation of transaminases
+ Kidney: impaired renal function (cumulative nephrotoxicity)
o Skin: erythema, pruritis, moderate alopecia, dermatitis, hyperpigmentation
o Nervous system: peripheral and central neurotoxicity, psychotic organic brain syndrome, optic
neuritis, confusion, ataxia
o Other: infertility, amenorrhea, fatigue
Ci: o Pre-existing bone marrow dysfunction, acute infections
o Severely impaired liver or renal function
Th: Approved indications: Hodgkin’s disease, CNS tumors, melanomas, lung cancer
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Other areas of use: brain metastases, NHL, multiple myeloma, breast cancer, ovarian cancer,
colorectal cancer

Dosage and Administration

Standard dose: 80-130 mg/m?/day p.o. on day 1, every 6-8 weeks

Dose modification » Chap. 3.2.4

ATTN: cumulative, delayed and prolonged myelotoxicity. Cumulative nephrotoxicity and pul-
monary toxicity (with doses > 1,200-1,500 mg/m?)

BEFORE TREATMENT: full blood count, liver and renal function tests (creatinine clearance),
pulmonary function tests



3.2 Characteristics of Clinically Used Cytostatic Drugs

Chem:

MOA:

Pkin:

Se:

Ci:

Th:

Melphalan (MPL)

4-[Bis(2-chloroethyl)amino]-L-phenylalanine
L-phenylalanine mustard (L-PAM), alkylating agent

HoN
2
| /CH2—CH2—CI
HoC —H,C @N\
| CH,— CH,—Cl
HOOC

o DNA and RNA alkylation, DNA strand breaks, cross-linking
o Cell-cycle-specific: S/G2 phases

 Kinetics: oral bioavailability, interindividual variation (20-90%), half-life: initial t¥2 6-8 min,
terminal t%» 1-4 h

o Metabolism: spontaneous degradation by hydrolysis to inactive dechlorinated metabolites, re-
nal excretion of unchanged drug (10-15%) and metabolites

o Bone marrow: delayed myelosuppression (dose-limiting), leukopenia, thrombocytopenia, last-
ing up to 4-6 weeks, hemolytic anemia (rare)

o Pulmonary: pulmonary fibrosis (rare), pneumonitis, especially with high-dose therapy

« Gastrointestinal: nausea, vomiting, mucositis, loss of appetite, diarrhea, especially after high-
dose therapy

o Liver: hepatic veno-occlusive disease (VOD) after high-dose therapy

o Skin: alopecia (rare), exanthema, erythema, urticaria, pruritus, edema

o Other: infertility (amenorrhea, oligospermia). Allergic reactions/anaphylaxis (rare). Inad-
equate ADH secretion syndrome (rare), hyponatremia

Severely impaired renal function

Approved indications: multiple myeloma, ovarian cancer
Other areas of use: breast cancer, thyroid cancer, testicular tumors, limb perfusion (melanoma),
high-dose therapy before stem cell transplantation

Dosage and Administration
o Standard dose: various protocols:
- 0.1-0.2 mg/kg body weight/day (8-10 mg/m*/day) p.o., for 4-5 days
- 0.25 mg/kg body weight/day (10-15 mg/m?*/day) p.o. for 4-7 days, every 4-6 weeks
+ High-dose therapy: 140-200 mg/m?*/day i.v. on day 1 (ATTN: only in transplant centers)
« Dose modification » Chap. 3.2.4, incompatibility » Chap. 3.2.6, stability » Chap. 3.2.7
o BEFORE TREATMENT: full blood count, liver and renal function tests (creatinine clearance)
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Part 3 Pharmacology and Pharmacotherapy

Mercaptopurine (6-MP, Purinethol)

Chem: 1,7-dihydro-6H-purine-6-thione, purine analog (hypoxanthine analog), antimetabolite
S
N
HN AN
|\ | /CH
\N N
MOA: « Inhibition of de novo purine synthesis and purine conversion, chromosome breaks

o Cell-cycle-specific: S phase

Pkin: » Kinetics: oral bioavailability 5-35% (interindividual variation), first-pass hepatic metabolism,
half-life: terminal t; 0.5-3 h
o Metabolism: intracellular activation with formation of various active metabolites (ribonucleo-
tide derivatives). Hepatic degradation by xanthine oxidase (— half-life prolonged if xanthine
oxidase inhibitors given, e.g., allopurinol), biliary (80-85%) and renal (5-20%) excretion

Se: o Bone marrow: myelotoxic (dose-limiting), leukopenia, thrombocytopenia, anemia

 Gastrointestinal: moderate nausea, vomiting, loss of appetite in 25% of patients, mucositis,
diarrhea, abdominal pain

o Liver: transient elevation of transaminases, cholestasis in 30% of patients, severe liver impair-
ment in isolated cases, hepatic veno-occlusive disease (VOD)

« Kidney: reversible decrease of renal function, hyperuricemia

o Skin: dermatitis (rare), exanthema, hyperpigmentation, moderate alopecia

o Other: fever, immunosuppression

Ci: Severely impaired liver function

Th: Approved indications: ALL
Other areas of use: AML, CML, NHL, polycythemia vera, chronic inflammatory diseases

Dosage and Administration

« Standard dose: 70-100 mg/m?/day p.o. daily (1.5-2.5 mg/kg body weight/day)

o Dose modification » Chap. 3.2.4

o ATTN: reduce dose to 25% with concurrent administration of allopurinol

o BEFORE TREATMENT: full blood count, liver and renal function tests (creatinine clearance)
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3.2 Characteristics of Clinically Used Cytostatic Drugs

Chem:

MOA:

Pkin:

Se:

Ci:

Th:

Methotrexate (MTX, Amethopterin)

4-Amino-10-methylfolic acid derivate, antimetabolite

CH

HN_ N N
i o COOH
NN CHZ—T@CO—NH ~—<_/COOH
|

Dihydrofolate reductase | — tetrahydrofolic acid formation | — DNA synthesis |
Cell-cycle-specific: S phase

Kinetics: 50-70% plasma protein-bound, half-life: terminal t%» 8-10 h
Metabolism: hepatic inactivation by 7-hydroxylation (20-45%), renal and biliary excretion of
unchanged drug (80%) and metabolites (20%)

Bone marrow: myelosuppression (dose-limiting), leukopenia, thrombocytopenia

Pulmonary: pneumonitis (rare), pulmonary fibrosis

Gastrointestinal: pronounced mucositis (dose-limiting), moderate nausea / vomiting, diarrhea,
gastrointestinal bleeding (rare)

Liver: impaired liver function, elevated transaminases

Kidney: renal tubular damage (dose-limiting), especially with acidic urine (pH < 7.0)

Skin: dermatitis, erythema, exanthema, pruritus, conjunctivitis, alopecia (rare), palmar-plan-
tar erythrodysesthesia

Nervous system: reversible acute encephalopathy, leukoencephalopathy, confusion, motor and
sensory disturbances, seizures, coma

Other: allergic reactions anaphylaxis, vasculitides

“Third space” fluid deposits: pleural effusions, ascites, etc.
Impaired renal and liver function, gastrointestinal ulcers

Approved indications: leukemias, malignant lymphomas, meningeal leukemia, solid tumors, pso-
riasis vulgaris, rheumatoid arthritis
Other areas of use: immunosuppression with allogeneic stem cell transplantation

Dosage and Administration

Low-dose: 20-60 mg/m*/day i.v. weekly or 4-6 mg/m®/day p.o. on days 1-3

Medium-high dose: 500 mg/m?/day i.v. every 2-3 weeks with leucovorin rescue

High-dose: up to 12,000 mg/m” i.v. with leucovorin rescue. ATTN: only at hematology/oncol-
ogy centers. High risk of severe side effects

May be administered intrathecally (maximum 15 mg absolute), orally or intramuscularly
Dose modification » Chap. 3.2.4, incompatibility » Chap. 3.2.6, stability » Chap. 3.2.7
ATTN: not to be given in combination with nephrotoxic drugs. Not to be given in combina-
tion with acetylsalicylic acid, penicillin, sulfonamides, phenytoin (renal excretion |). Accu-
mulates in fluid-filled spaces (pleural effusions, ascites) — t% 11 — toxicity 11

BEFORE TREATMENT: full blood count, liver and renal function tests (creatinine clearance).
Fluid replacement (urine volume > 200 ml/h), alkalinization (urine pH > 7.4)

Folinic Acid (Calcium Folinate, Leucovorin):

Folinic acid is an antidote for medium-high dose and high-dose methotrexate therapy
Folinic acid is usually started 24 h after methotrexate and given for at least 36 h (with close
monitoring of the serum methotrexate level)
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Miltefosine
Chem: 2-(Hexadecoxy-oxido-phosphoryl)oxyethyl-trimethyl-ammonium
Alkylphosphocholine
CH,— (CH,);s— 0 —PO; — (CH,), — N'(CH,),
MOA: « Inhibition of the membrane-based enzyme systems
Pkin: « Topical application — no evidence of effective systemic levels
Se: o Skin: with local application: pruritis, erythema, tense feeling in skin, skin dryness, desquama-

tion, burning

Ci: « Concurrent radiotherapy
o Large nodular / deep-seated metastases with simultaneous skin involvement

Th: Approved indications: cutaneous metastases of breast cancer
Dosage and Administration
« Standard dose: 1 x /day in the first week to the involved skin area, thereafter twice a day, 1-

2 drops per 10 cm?, not more than 5 ml/day in total
o Hormone therapy or chemotherapy may be given concurrently
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3.2 Characteristics of Clinically Used Cytostatic Drugs

Chem:

MOA:

Pkin:

Se:

Ci:

Th:

Mitomycin C (MMC)

Antineoplastic antibiotic, aziridine derivative, bifunctional alkylating agent

O  CH,—O0—CO—NH,
OCH,

HsC N N
o}

DNA alkylation, cross-linking, DNA depolymerization, generation of free radicals — strand
breaks
Cell-cycle-specific: G1/S phases

Kinetics: half-life: initial t% 8 min, terminal t¥% 50 min
Metabolism: intracellular activation by opening of the aziridine ring, hepatic degradation to
inactive metabolites, renal excretion of unchanged drug (25%) and metabolites

Bone marrow: cumulative myelosuppression (dose-limiting), often severe and prolonged leu-
kopenia and thrombocytopenia (lasting up to 6-8 weeks). In rare cases microangiopathic he-
molytic anemia (MAHA)

Cardiovascular: heart failure (rare), ischemia

Pulmonary: pulmonary toxicity (pneumonitis, fibrosis) in up to 10% of patients
Gastrointestinal: moderate nausea / vomiting, loss of appetite, mucositis

Liver: impaired liver function (rare), transient elevation of transaminases

Kidney: impaired renal function (rare), hemolytic uremic syndrome

Skin: alopecia, erythema, photosensitivity

Nervous system: headache (rare), visual disturbances, paresthesia

Local toxicity (extravasation » Chap. 9.9): local phlebitis, necrosis

Other: fever (rare), allergic reactions, fatigue

Severely impaired liver or renal function
Pre-existing cardiac or pulmonary disease (coronary heart disease, COPD, etc.)

Approved indications: gastric cancer, pancreatic cancer
Other areas of use: head and neck tumors, gastrointestinal tumors, lung cancer, bladder cancer,
breast cancer, prostate cancer, cervical cancer

Dosage and Administration

Standard dose: various protocols:

Monotherapy: 10-20 mg/m?*/day i.v. on day 1, every 6-8 weeks

Polychemotherapy: 5-10 mg/m?*/day i.v. on day 1, every 6 weeks

Topical use: bladder instillation: 20-40 mg absolute

Dose modification » Chap. 3.2.4, incompatibility » Chap. 3.2.6, stability » Chap. 3.2.7
BEFORE TREATMENT: full blood count, liver and renal function tests (creatinine clearance),
cardiopulmonary evaluation
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Mitoxantrone
Chem: 1,4-Dihydroxy-5,8-bis[[2-[(2-hydroxyethyl)amino]ethyl]amino]anthraquinone dihydrochloride
Dihydroxyanthracenedione, synthetic anthracycline analog
OH O NH — CH,— CH, — NH— CH, — CH, — OH
OH O NH — CH, — CH, — NH — CH, — CH, — OH
MOA: « DNA intercalation, induction of DNA strand breaks, inhibition of topoisomerase II
o Cell-cycle-specific: S/G2 phases
Pkin: o Kinetics: enters cerebrospinal fluid, tissue accumulation, half-life: terminal t% 40-190 h
o Metabolism: hepatic degradation, side chain oxidation, renal and biliary excretion of un-
changed drug and metabolites
Se: o Bone marrow: myelosuppression dose-limiting, especially leukopenia
o Cardiovascular: chronic cardiotoxicity: cardiomyopathy, heart failure (less pronounced in
comparison to doxorubicin) from total cumulative dose > 160 mg/m?
« Gastrointestinal: moderate nausea / vomiting, mucositis, gastrointestinal bleeding (rare), ab-
dominal pain, diarrhea
o Liver: transient elevation of transaminases, cholestasis (rare)
« Kidney: transient disturbances of renal function
o Skin: moderate alopecia, allergic reactions, dermatitis, pruritus, blue discoloration of sclera /
finger nails / injection site and urine (normalized after 48 h)
«  Other: infertility, headache, allergic reactions (rare)
Ci: « Severely impaired liver and renal function, acute infections
o Pre-existing cardiac disease, myocardial impairment, previous anthracycline administration at
the maximum tolerated cumulative dose
Th: Approved indications: prostate cancer, AML

110

Other areas of use: CML, NHL, cerebral tumors, lung cancer, breast cancer, hepatocellular cancer,
high-dose therapy before stem cell transplantation

Dosage and Administration

o Standard dose: various protocols:
- Solid tumors: 12-14 mg/m*/day i.v. on day 1, every 3 weeks
- Acute leukemia (in combination with cytarabine): 10-12 mg/m?/day i.v. on days 1-5

o Dose modification » Chap. 3.2.4, incompatibility » Chap. 3.2.6, stability » Chap. 3.2.7

o ATTN: cumulative threshold dose 160 mg/m? (increased risk of cardiotoxicity)

o BEFORE TREATMENT: full blood count, liver and renal function tests (creatinine clearance).
Cardiac evaluation, echocardiogram / radionuclide ventriculography if risk factors present



3.2 Characteristics of Clinically Used Cytostatic Drugs

Chem:

MOA:

Pkin:

Se:

Ci:

Th:

Nimustine (ACNU)

1-(4-Amino-2-methyl-5-pyrimidinyl)methyl-3-(2-chloroethyl)-3-nitrosourea
Alkylating agent

N=  CHp—CH,—Cl
HaC—( )~ HaC—HN—CO—N__
N N=0

NH,

DNA and RNA alkylation (O° position of guanine), DNA strand breaks, cross-linking, inhibi-
tion of DNA polymerase and RNA synthesis
Cell cycle non-specific (including GO phase)

Kinetics: lipophilic compound, enters cerebrospinal fluid, half-life: t% 30-60 min
Metabolism: spontaneous degradation into inactive metabolites, renal excretion of unchanged
drug and metabolites

Bone marrow: prolonged and cumulative myelosuppression (dose-limiting), leukopenia and
thrombocytopenia, with slow recovery

Gastrointestinal: nausea / vomiting, mucositis, diarrhea

Liver: transient elevation of transaminases

Kidney: impaired renal function (rare)

Skin: alopecia, dermatitis, hyperpigmentation

Nervous system: peripheral and central neurotoxicity

Other: infertility

Pre-existing bone marrow dysfunction, acute infections
Severely impaired liver or renal function

Approved indications: malignant gliomas, cerebral metastases, lung cancer, breast cancer, gastric
cancer, colorectal cancer, CML, Hodgkin’s disease, NHL

Dosage and Administration

Standard dose: 90-100 mg/m*/day (or 2-3 mg/kg body weight/day) iv. on day1, every
4-8 weeks

Dose modification » Chap. 3.2.4, incompatibility » Chap. 3.2.6, stability » Chap. 3.2.7
ATTN: cumulative, delayed and prolonged myelotoxicity

BEFORE TREATMENT: full blood count, liver and renal function tests (creatinine clearance)
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Part 3 Pharmacology and Pharmacotherapy

Oxaliplatin
Chem: Trans-1-diaminocyclohexane oxalato-platinum, platinum derivative
NH, O
N\ /7 co
FNto
NH, 0~
MOA: o Platinum-DNA adduct with inhibition of DNA synthesis, DNA intercalation, cross-links, in-

hibition of RNA synthesis, inhibition of DNA repair mechanisms
o Cell cycle non-specific (including GO phase)

Pkin: «  Kinetics: highly protein bound (70-95%), half-life: terminal t% 9 days
o Metabolism: spontaneous formation of active metabolites, predominantly renal excretion of
platinum and oxaliplatin metabolites

Se: « Bone marrow: moderate myelosuppression, neutropenia

+ Gastrointestinal: nausea, vomiting, diarrhea

o Liver: transient elevation of transaminases

« Kidney: reversible decrease of renal function (rare)

o Skin: moderate alopecia (rare)

o Nervous system: acute (< 1%): peripheral paresthesias and acute laryngeal / pharyngeal dyses-
thesia with a feeling of suffocation, induced / exacerbated by exposure to cold. Chronic (45%):
cumulative peripheral sensory neuropathy (dose-limiting) with dysesthesia, paresthesia of the
limbs, after total dose > 900-1,000 mg/m?, exacerbated by exposure to cold, reversible after a
few months in some cases

o Local toxicity (extravasation » Chap. 9.9): causes necrosis

o Other: allergic reactions, fatigue, arthralgia

Ci: « Severely impaired renal function
o Pre-existing bone marrow dysfunction
o Pre-existing peripheral sensory neuropathy
« Known intolerance to platinum

Th: Approved indications: colorectal carcinoma
Other areas of use: lung cancer, esophageal cancer, ovarian cancer, head and neck tumors

Dosage and Administration

o Standard dose: various protocols:
- 100-130 mg/m*/day i.v. on day 1, every 3 weeks
— 85-100 mg/m?/day i.v. on day 1, every 2 weeks

o Dose modification » Chap. 3.2.4, incompatibility » Chap. 3.2.6, stability » Chap. 3.2.7

o ATTN: cumulative, dose-limiting peripheral neurotoxicity with total cumulative dose
> 1,000 mg/m?

o BEFORE TREATMENT: full blood count, liver and renal function tests (creatinine clearance),
neurological evaluation
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3.2 Characteristics of Clinically Used Cytostatic Drugs

Chem:

MOA:

Pkin:

Se:

Ci:

Th:

Paclitaxel

Taxane derivative, plant alkaloid, mitotic inhibitor

« Stabilization of tubulin polymers, inhibition of the spindle function, mitotic arrest
o Cell-cycle-specific: M phase

o Kinetics: highly protein-bound, half-life: initial t¥%» 20 min, terminal t% 6 h (paclitaxel) to 27 h
(protein-bound paclitaxel)

o Metabolism: hepatic degradation, cytochrome P450-dependent hydroxylation, biliary excre-
tion (25%), renal excretion (< 10%)

o Bone marrow: myelosuppression dose-limiting, especially neutropenia, moderate thrombocy-
topenia, anemia

o Cardiovascular: cardiac conduction disorders (rare), arrhythmias, ischemia

o Gastrointestinal: nausea / vomiting, mucositis / diarrhea (rare)

o Liver: transient elevation of transaminases, hepatic impairment (rare)

o Skin: alopecia, erythema, nail changes

o Nervous system: peripheral neurotoxicity with paresthesias (especially with single doses
> 175 mg/m?/day or total cumulative dose > 1,000 mg/m?), paralytic ileus (rare), in rare cases
central nervous system disorders (headache, weakness, visual disturbances, seizures)

o Local toxicity (extravasation » Chap. 9.9): phlebitis, necrosis

o Other: hypersensitivity reactions in 1-3% of patients (flushing, urticaria, transient myalgia
/ arthralgia, hypotension (rare), bronchospasm, angioedema, anaphylaxis), fatigue, reduced
performance status, loss of appetite

Severely impaired liver function, pre-existing cardiac disease, neuropathy

Approved indications (paclitaxel): breast cancer, ovarian cancer, lung cancer, Kaposis’s sarcoma
Approved indications (protein-bound paclitaxel): metastatic breast cancer

Other areas of use: esophageal cancer, gastric cancer, bladder cancer, cervical cancer, prostate can-
cer, head and neck tumors, melanomas

Dosage and Administration

« Monotherapy: 175-200 mg/m*/day i.v. on day 1 every 21 days or 80-100 mg/m®/day i.v. on
day 1 weekly

« Polychemotherapy: 135-185 mg/m?/day i.v. on day 1 every 21 days or 60-100 mg/m?/day i.v.
on day 1 weekly

« Protein-bound paclitaxel: 260 mg/m?/day i.v. on day 1 every 3 weeks

o Dose modification » Chap. 3.2.4, incompatibility » Chap. 3.2.6, stability » Chap. 3.2.7

o ATTN: administration sequence important: always administer paclitaxel prior to cisplatin /
carboplatin, but after anthracyclines (doxorubicin / epirubicin)

o BEFORE TREATMENT: full blood count, urea and electrolytes, liver and renal function tests
(creatinine clearance), cardiac evaluation. Premedication with steroids (dexamethasone), H1/
H2 inhibitors (clemastine, famotidine), diuretics if necessary
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Part 3 Pharmacology and Pharmacotherapy
Pemetrexed
Chem: L-Glutamic acid, N-[4-[2-(2-amino-4,7-dihydro-4-oxo-1H-pyrrolo[2,3-d]pyrimidin-5-yl)ethyl]-
benzoyl], folic acid antagonist, antimetabolite
0 COONa
COONa
MOA:  Inhibition of thymidylate synthetase, dihydrofolate reductase and glycinamide ribonucleotide
formyltransferase — inhibition of RNA synthesis
o Cell-cycle-specific: S phase
Pkin: Kinetics: half-life: terminal t%2 20 h
«  Metabolism: negligible hepatic degradation, renal excretion of unchanged drug (70-90%) and
metabolites
Se: o Bone marrow: myelosuppression with neutropenia, thrombocytopenia, anemia
o Cardiovascular: pericarditis (rare)
 Gastrointestinal: nausea / vomiting (35%), mucositis, diarrhea, loss of appetite
o Liver: transient elevation of transaminases, hepatic impairment/hepatitis (rare)
o Skin: alopecia, erythema, palmar-plantar erythrodysesthesia (hand-foot syndrome)
o Nervous system: sensory peripheral neuropathy and acute neurotoxicity from functional folate
deficiency — folic acid / vitamin B;, prophylaxis
o Other: fatigue, reduced performance status
Ci: Pre-existing neurological disorders
Th: Approved indications: pleural mesothelioma, lung cancer (NSCLC)
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Other areas of use: breast cancer, colon cancer, pancreatic cancer, head and neck tumors

Dosage and Administration

Standard dose: 500 mg/m®/day i.v. on day 1, every 3 weeks

Dose modification » Chap. 3.2.4

BEFORE TREATMENT: full blood count, liver and renal function tests. Prophylactic admin-
istration of folic acid 350-1,000 pg (starting 5 days before therapy and until 21 days after ther-
apy) and vitamin B12 1,000 pg i.m. (1 week before therapy, as well as after every 3rd therapy
cycle)



3.2 Characteristics of Clinically Used Cytostatic Drugs

Chem:

MOA:

Pkin:

Se:

Ci:

Th:

Pentostatin (DCF)

2’-Deoxycoformycin, purine analog, antimetabolite

OH

N
HN | \>
=S

HOH,C o

HO

Inhibition of adenosine deaminase, inhibition of ribonucleotide reductase — inhibition of
DNA synthesis
Inhibition of homocysteine hydrolase, lymphocytotoxic effects

Kinetics: half-life: initial t% 9 min, terminal t%2 5-14 h
Metabolism: intracellular degradation to nucleotides, renal excretion (> 90%)

Bone marrow: myelosuppression dose-limiting, pronounced leukopenia, lymphopenia, throm-
bocytopenia, anemia

Cardiovascular: arrhythmias (rare), ECG changes, heart failure

Pulmonary: cough, dyspnea, pulmonary infiltrates (rare)

Gastrointestinal: moderate nausea / vomiting (50%), diarrhea (rare) / mucositis, dysgeusia
Liver: transient elevation of transaminases, hepatitis (rare)

Kidney: decreased renal function (increased incidence with inadequate hydration), renal tubu-
lar damage (rare), renal failure

Skin: erythema / exanthema (25%), with increased photosensitivity in some cases, pruritus,
exfoliative dermatitis, keratoconjunctivitis, periorbital edema

Nervous system: central nervous system disorders (headache, tiredness, etc.), progressive en-
cephalopathy (rare), seizures, coma

Other: immunosuppression with T-cell deficiency, peripheral edema, fever, myalgia, headache,
allergic reactions

Impaired renal function (creatinine clearance < 60 ml/min)
Skin changes, central nervous system disorders

Approved indications: hairy cell leukemia
Other areas of use: cutaneous T-cell lymphomas, NHL

Dosage and Administration

Standard dose: 4 mg/m?*/day i.v. every 14 days

Dose modification » Chap. 3.2.4, incompatibility » Chap. 3.2.6, stability » Chap. 3.2.7
ATTN: due to the risk of decreased renal function, adequate fluid replacement necessary
(1,000-2,000 ml). Not to be given in combination with fludarabine or cytarabine (pneumo-
toxic)

BEFORE TREATMENT: full blood count, liver and renal function tests (creatinine clearance)
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Part 3 Pharmacology and Pharmacotherapy
Procarbazine
Chem: N-Isopropyl-alpha-(2-methylhydrazino)-p-toluamide
CH,4
I
H30—NH—NH—CH2@ CO—NH—(|)H
CH,4
MOA: « DNA alkylation and depolymerization, methylation, inhibition of DNA, RNA and protein syn-
thesis
o Cell-cycle-specific: S phase
Pkin: « Kinetics: oral bioavailability 95-100%, enters cerebrospinal fluid, half-life: t2 7 min, initial t%
30-90 min, terminal t% 60 min
o Metabolism: hepatic cytochrome P450-dependent activation, degradation to inactive metabo-
lites, renal excretion
Se: o Bone marrow: delayed myelosuppression (dose-limiting), nadir after 3-5 weeks
+ Cardiovascular: tachycardia, hypotension
« Gastrointestinal: nausea / vomiting, mucositis (rare), dysphagia, diarrhea, loss of appetite
o Liver: transient elevation of transaminases
+ Skin: alopecia (rare), erythema, exanthema, photosensitivity, hyperpigmentation, allergic re-
actions
o Nervous system: central nervous system disorders (headache, somnolence, agitation, depres-
sion, visual disturbances, hallucinations, ataxia, nystagmus, seizures) or mild reversible pe-
ripheral neurotoxicity
o Other: flu-like symptoms (fever, chills, myalgia, arthralgia), gynecomastia, infertility (amenor-
rhea, azoospermia)
Ci: « Severely impaired liver or renal function
o Glucose-6-phosphate dehydrogenase (G6PD) deficiency
Th: Approved indications: Hodgkin’s disease, NHL
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Other areas of use: plasmacytoma, CNS tumors, lung cancer, melanoma, polycythemia vera

Dosage and Administration

Standard dose: 100 mg/m*/day p.o. on days 1-14, every 21-28 days

Dose modification » Chap. 3.2.4

ATTN: Procarbazine is a monoamine oxidase inhibitor; interactions:

- Alcohol: intolerance, flushing, tachycardia, neurological disorders

— Antihistamines, barbiturates, phenothiazines, narcotics: synergistic effects, overdosage

— Tricyclic antidepressants, L-dopa, sympathomimetics, tyramine-containing foods (milk
products, red wine, etc.): hypertension, hypertensive crisis, coma

BEFORE TREATMENT: full blood count, liver and renal function tests



3.2 Characteristics of Clinically Used Cytostatic Drugs

Chem:

MOA:

Pkin:

Nw:

Ci:

Th:

Raltitrexed

Folate analogue, quinazoline derivative

o] H
H3?‘@_H/N COOH
HIN N H COOH
PN O
H;C” °N

Inhibition of thymidylate synthetase — de novo thymidine synthesis | — DNA synthesis |
DNA fragmentation
Cell cycle specific: S phase

Kinetics: 93% plasma protein-bound, half-life: terminal t¥ 168 h

Metabolism: intracellular conversion to polyglutamate forms, long-term intracellular reten-
tion

Elimination: predominantly renal (>50%)

Bone marrow: myelosuppression dose-limiting, especially neutropenia, mostly mild to moder-
ate

Gastrointestinal system: nausea, vomiting, anorexia, less frequently mucositis, diarrhea

Liver: reversible increase in transaminases

Skin: alopecia, dermatitis, erythema

Other: asthenia, fever

Severe hepatic and renal impairment

Approved indications: colorectal cancer

Dosage and Administration

Standard dose: 3 mg/m?*/day i.v. on day 1, every 3 weeks

Dose modification » Chap. 2.2.4, incompatibility » Chap. 2.2.7, stability » Chap. 2.2.8
ATTN: folic acid, folinic acid or vitamin preparations must not be given immediately prior to
or during drug administration

BEFORE TREATMENT: full blood count, liver and renal function tests
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Part 3 Pharmacology and Pharmacotherapy
Temozolomide
Chem: 3,4-Dihydro-3-methyl-4-oxoimidazo(5,1-d)-as-tetrazine-8-carboxamide
Methazolastone, alkylating agent
0 NH,
N
NZ N
N N/ 4
N
Ho My
0]
MOA: Alkylating drug, DNA methylation at O° and N” positions of guanine, DNA strand breaks
Pkin: « Kinetics: enteric absorption after protonation in the stomach, 100% bioavailability, enters cere-
brospinal fluid, half-life: t% 90-130 min
o Metabolism: activation to monomethyl triazeno imidazole carboxamide (MTIC), hepatic deg-
radation, renal excretion of unchanged drug and metabolites, minor hepatobiliary and pulmo-
nary excretion
Se: o Bone marrow: myelosuppression dose-limiting, with leukopenia, lymphopenia, thrombocyto-
penia, anemia
 Gastrointestinal: nausea, vomiting, loss of appetite, constipation, mucositis (rare), diarrhea
o Liver: transient elevation of transaminases
o Skin: erythema, exanthema, photosensitivity, alopecia (rare)
o Nervous system: rarely, central nervous system disorders: headache, fatigue, vertigo, dysgeusia,
paresthesias, seizures
o Other: fever, edema (rare)
Ci: Severe myelosuppression
Th: Approved indications: malignant gliomas: glioblastoma multiforme, anaplastic astrocytoma
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Other areas of use: cerebral tumors, melanomas

Dosage and Administration

« Standard dose: 200 mg/m?/day p.o. on days 1-5, repeat after 4 weeks

« For patients who have previously received chemotherapy, initial dose is 150 mg/m?/day on
days 1-5 with repeat after 4 weeks, increasing dose to 200 mg/m?/day

o Dose modification » Chap. 3.2.4

o ATTN: avoid sunlight

o BEFORE TREATMENT: full blood count, liver and renal function tests



3.2 Characteristics of Clinically Used Cytostatic Drugs

Chem:

MOA:

Pkin:

Se:

Ci:

Th:

Teniposide (VM-26)

4’-Demethylepipodophyllotoxin 9-(4,6-O-2-thenylidene-beta-D-glucopyranoside)
Epipodophyllotoxin derivative, plant alkaloid, topoisomerase II inhibitor

/N

S

HO

H,CO OCHg
OH

Inhibition of topoisomerase II — DNA strand breaks — mitotic arrest
Cell-cycle-specific: G2 / S / M phases

Kinetics: > 95% protein-bound, half-life: terminal t%2 5-14 h
Metabolism: cytochrome P450 hepatic degradation (90%), renal excretion (10%)

Bone marrow: myelosuppression dose-limiting, especially neutropenia, anemia (rare) and
thrombocytopenia (rare)

Cardiovascular: hypotension with rapid intravenous administration

Gastrointestinal: nausea / vomiting (25%), mucositis (rare), diarrhea, gastrointestinal / perfo-
ration (rare)

Liver: transient elevation of transaminases, hepatic veno-occlusive disease (VOD, rare)

Skin: moderate alopecia, erythema (rare), hyperpigmentation

Nervous system: rarely, peripheral neuropathy (paresthesias) or central nervous system disor-
ders (headache, confusion, weakness, fatigue, seizures)

Other: infertility, allergic reactions (fever, chills, bronchospasm, skin reactions), anaphylaxis

Severely impaired liver or renal function, pre-existing neurological disorders

Approved indications: ALL, lymphomas, CNS tumors
Other areas of use: small cell lung cancer

Dosage and Administration

Standard dose: various protocols:

- 20-60 mg/m*/day i.v. on days 1-5, every 2-3 weeks

- 100-250 mg/m?*/day i.v. on day 1, weekly for 4-8 weeks

— 165 mg/m*/day i.v. on days 1 + 4, weekly for 4 weeks

Dose modification » Chap. 3.2.4, incompatibility » Chap. 3.2.6
BEFORE TREATMENT: full blood count, liver and renal function tests
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Part 3

Pharmacology and Pharmacotherapy

Chem:

MOA:

Pkin:

Ci:

Th:

120

Thalidomide

Alpha-(N-phthalimido)glutarimide

Mechanism of action not fully characterized. Proposed mechanisms include:

Immunomodulation: immunosuppressive properties, proinflammatory cytokines |, anti-in-
flammatory cytokines 1, tumor necrosis factor a |, leukocyte migration |
Anti-angiogenic properties, endothelial cell proliferation |

Kinetics: oral bioavailability 90%, peak plasma concentration reached after 2.9-5.7 h, protein
binding 55-66%, half-life t/%5 5.5-7.3 h
Metabolism: non-enzymatic hydrolysis in plasma

Bone marrow: leukopenia, neutropenia

Pulmonary: cough, dyspnea, upper respiratory tract infections, pneumonia

Cardiovascular: edema, chest pain, atrial fibrillation, cardiac failure, myocardial infarction,
tachycardia, bradycardia, orthostatic hypotension, thromboembolic events, pulmonary embo-
lism

Gastrointestinal: nausea, anorexia, constipation, abdominal pain

Hepatic: transient increase of liver enzymes, hyperbilirubinemia

Kidney: dysuria, hypocalcemia

Skin: erythema, pruritis, rash, alopecia, Stevens-Johnson syndrome / toxic epidermal necroly-
sis (rare)

Nervous system: headache, dizziness, drowsiness, somnolence, anxiety, tremor, confusion, pe-
ripheral neuropathy, seizures (rare)

Other: fever, fatigue, infections, arthralgia, myalgia, back pain, asthenia, hypothyroidism

Pregnant women or women capable of becoming pregnant. Female patients must use two dif-
ferent methods of contraception. Male patients must use condoms.
Hypersensitivity to thalidomide

Approved indications: multiple myeloma (newly diagnosed, first line with dexamethasone), ery-
thema nodosum leprosum (ENL)
Other areas of use: MDS, Crohn’s disease, graft-versus-host disease (GvHD)

Dosage and Administration

Standard dose: 100-800 mg p.o. daily

ATTN: potential for life-threatening human birth defects. Appropriate precautions should be
taken to avoid pregnancy and fathering. In order to avoid fetal exposure to thalidomide, in
the US the drug is only available under a special restricted distribution program. Significantly
increased risk of deep venous thrombosis and pulmonary embolism. Avoid concomitant use
of alcohol, CNS depressants, and medications associated with peripheral neuropathy
BEFORE TREATMENT: full blood count, liver and renal function tests, electrolytes, thyroid
function, neurological status, pregnancy test (in women of childbearing potential)



3.2 Characteristics of Clinically Used Cytostatic Drugs

Chem:

MOA:

Pkin:

Se:

Ci:

Th:

6-Thioguanine (6-TG)

2-Aminopurine-6(1H)-thione, purine analog (guanine analog), antimetabolite

S

Inhibition of de novo purine synthesis and purine conversion, chromosome breaks
Cell-cycle-specific: S phase

Kinetics: oral bioavailability variable (10-60%), interindividual variation in absorption over
8-12 h, half-life: terminal t¥% 1.5-11 h

Metabolism: intracellular activation and formation of various effective metabolites (ribonucle-
otide and deoxyribonucleotide derivatives), hepatic degradation, biliary excretion of metabo-
lites

Bone marrow: myelotoxicity dose-limiting, leukopenia, thrombocytopenia, anemia (rare)
Gastrointestinal: mild nausea, vomiting, loss of appetite, mucositis, diarrhea, intestinal perfo-
ration in isolated cases

Liver: transient elevation of transaminases, cholestasis (rare), hepatic veno-occlusive disease
(VOD) in isolated cases

Kidney: impaired renal function (rare), renal failure (rare)

Skin: erythema (rare), dermatitis

Nervous system: loss of vibration sensitivity, gait disorders

Severely impaired liver function
Approved indications: ALL, AML, CML

Dosage and Administration

Standard dose: 80-200 mg/m?/day (2-3 mg/kg body weight/day) p.o. daily, for 5-20 days, to
be taken on an empty stomach with fluids

Dose modification » Chap. 3.2.4

BEFORE TREATMENT: full blood count, liver function tests
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Part 3 Pharmacology and Pharmacotherapy

Thiotepa
Chem: Tris(1-aziridinyl)phosphine sulfide, aziridine, alkylating agent
i
H,C CH
“In—P—N]] *
H,C” |l CH,
(0]
|
N
/ \
H,C—CH,
MOA: « DNA, RNA and protein alkylation, DNA strand breaks, cross-linking, inhibition of nucleic
acid synthesis and protein synthesis
o Cell-cycle-specific: S / G2 phases
Pkin: o Kinetics: readily enters cerebrospinal fluid, half-life: initial t% 8 min, terminal t¥22-3 h

o Metabolism: rapid decay in plasma, formation of bifunctional alkylating metabolites (main me-
tabolite is TEPA, i.e., triethylenephosphoramide), renal excretion of unchanged drug (< 10%)
and metabolites

Se: o Bone marrow: myelosuppression dose-limiting, cumulative, leukopenia, thrombocytopenia

and anemia (rare)

 Gastrointestinal: nausea, vomiting, mucositis, loss of appetite, diarrhea, enteritis, especially
after high-dose therapy

o Liver: transient elevation of transaminases

o Genitourinary: impaired renal function (especially with high-dose therapy); with intravesical
instillation: abdominal pain, hematuria, dysuria, ureteric obstruction

o Skin: erythema, dermatitis, alopecia (rare) after high-dose therapy, hyperpigmentation

o Nervous system: central neurotoxicity (headache, confusion, paresthesias, muscle weakness,
somnolence, coma), especially with cumulative doses > 1,100 mg/m?

+  Other: infertility, hyperuricemia, fever (rare), allergic reactions

Ci: Severely impaired liver or renal function

Th: Approved indications:
« Systemic: breast cancer, ovarian cancer, chronic leukemias, lymphomas
o Local: bladder tumors, condylomata, malignant effusions

Dosage and Administration

o Due to good local tolerance, intravenous, intra-arterial, subcutaneous, intravesical, intrathe-
cal, and intracavitary (intrapleural, intraperitoneal) administration possible

o Standard dose:
- Systemic: 12-16 mg/m?/day i.v. on day 1 weekly or every 2-4 weeks
— Local application: instillation of 15-60 mg absolute weekly, for 4 weeks

« High-dose therapy regimens: 125-150 mg/m?*/day i.v. for 4 days on days 1-4 (ATTN: only in
transplant centers)

o Incompatibility » Chap. 3.2.6, stability » Chap. 3.2.7

« BEFORE TREATMENT: full blood count, liver and renal function tests (creatinine clearance)
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3.2 Characteristics of Clinically Used Cytostatic Drugs

Chem:

MOA:

Pkin:

Se:

Ci:

Th:

Topotecan

Camptothecin analog, topoisomerase I inhibitor

CH,N(CH,), (e}

Inhibition of topoisomerase I, DNA religation || — DNA strand breaks and intercalation
Cell-cycle-specific: G2 / M phases

Kinetics: ubiquitous distribution, enters cerebrospinal fluid, accumulates in “third space” fluid
deposits (pleural effusions, ascites), half-life: terminal t%2 2-6 h

Metabolism: plasma degradation, renal excretion of unchanged drug (40-50%) and metabo-
lites

Bone marrow: myelosuppression dose-limiting, leukopenia (80%) and thrombocytopenia,
anemia

Gastrointestinal: diarrhea (30%), nausea, vomiting (10%), loss of appetite, mucositis

Liver: transient elevation of transaminases, hyperbilirubinemia

Kidney: impaired renal function, microscopic hematuria

Skin: alopecia, erythema, urticaria (rare), pruritis

Nervous system: headache, peripheral neurotoxicity (rare)

Other: fever, fatigue, reduced performance status, dyspnea (rare), arthralgia (rare), myalgia

Acute infection
“Third space” fluid deposits (ascites, pleural effusions)

Approved indications: ovarian cancer, small cell lung cancer, cervical carcinoma
Other areas of use: AML, NHL, cerebral metastases

Dosage and Administration

Standard dose: 1.5 mg/m?*/day i.v. on days 1-5, every 3 weeks

Dose modification » Chap. 3.2.4, incompatibility » Chap. 3.2.6, stability » Chap. 3.2.7
ATTN: with combination therapy regimens, topotecan must be administered prior to cispla-
tin. Dose must be increased with concurrent administration of anticonvulsive therapy
BEFORE TREATMENT: full blood count, liver and renal function tests (creatinine clearance)
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Treosulfan
Chem: L-Threitol-1,4-bis (methanesulfonate), bifunctional alkylating agent
i T i
Hy,C— ﬁ—O—CHZ—CH— CH— CH2—O—ﬁ—CH3
|
(0] OH o
MOA: « DNA and RNA alkylation (N7 position of guanine), of DNA strand breaks, cross-linking
o Cell-cycle-specific: S / G2 phases
Pkin: «  Kinetics: oral bioavailability 90%, half-life: terminal t¥2 1.5-2 h
o Metabolism: spontaneous activation in plasma, degradation to inactive metabolites, renal ex-
cretion of unchanged drug (15%) and metabolites
Se: o Bone marrow: myelosuppression dose-limiting, long neutropenic phase, thrombocytopenia
o Pulmonary: pulmonary fibrosis (rare), allergic alveolitis, pneumonia
« Gastrointestinal: moderate nausea / vomiting, mucositis, diarrhea
o Liver: transient disturbances of liver function, cholestasis
o Skin: erythema, urticaria, pruritis, hyperpigmentation, alopecia
o Nervous system: paresthesias
o Local toxicity (extravasation » Chap. 9.9): phlebitis, necrosis
o Other: hemorrhagic cystitis (rare), allergic reactions, flu-like symptoms
Ci: Pulmonary function disorders, pre-existing bone marrow dysfunction
Th: Approved indications: ovarian tumors
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Other areas of use: lung cancer (NSCLC), esophageal cancer, head and neck tumors

Dosage and Administration

o Standard dose: various protocols:
- Intravenously: 5,000-8,000 mg/m?/day i.v. on day 1, every 21-28 days
—  Orally: 750-1,250 mg/day p.o. on days 1-28, every 56 days to be taken with food

o Incompatibility » Chap. 3.2.6, stability » Chap. 3.2.7

o BEFORE TREATMENT: full blood count, liver and renal function tests, pulmonary function
evaluation



3.2 Characteristics of Clinically Used Cytostatic Drugs

Chem:

MOA:

Pkin:

Se:

Ci:

Th:

Trofosfamide

N,N,3-Tris(2-chloroethyl)tetrahydro-2H-1,3,2-oxazaphosphorin-2-amine 2-oxide
Oxazaphosphorine, alkylating agent

O CH,—CH,—Cl
ol I
P—N—CH, — CH,— Cl

N—CH,— CH,—Cl

DNA and RNA alkylation, DNA strand breaks, cross-linking, inhibition of DNA synthesis
Cell-cycle-specific: S phase

Kinetics: oral bioavailability > 95%, half-life: terminal t/» 4-8 h

Metabolism: hepatic hydroxylation by microsomal cytochrome P450 monooxygenase to 4-
hydroxytrofosfamide, active metabolites released in plasma and tissues, hepatic degradation,
renal excretion of unchanged drug (5-15%) and metabolites

Bone marrow: Myelosuppression dose-limiting, leukopenia and thrombocytopenia
Gastrointestinal: moderate nausea / vomiting, loss of appetite

Liver: transient elevation of transaminases

Genitourinary: hemorrhagic cystitis with high-dose therapy or prolonged treatment (dose-
limiting)

Skin: alopecia

Other: moderate immunosuppression

Severely impaired liver or renal function, acute infections
Cystitis, urinary tract obstruction

Approved indications: maintenance therapy for hematological neoplasms (e.g., CLL, Hodgkin’s
disease, NHL, plasmacytoma, Waldenstrém’s macroglobulinemia) and solid tumors (e.g., ovarian
cancer, breast cancer, small cell lung cancer, seminoma)

Dosage and Administration

Oral administration with plenty of fluids, standard dose:

— Initial therapy: 150-200 mg/m?/day p.o.

— Maintenance dose: 25-100 mg/m*/day p.o.

Dose modification » Chap. 3.2.4

ATTN: enhances the effects of sulfonylureas. Effects enhanced by barbiturates (cytochrome
P450 activation) and cimetidine

BEFORE TREATMENT: full blood count, liver and renal function tests
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UFT (Tegafur-Uracil)
Chem: Tegafur: 5-fluoro-1-tetrahydro-2-furanyl-2,4(1H,3H)-pyrimidinedione
Uracil: 2,4(1H,3H)-pyrimidinedione
o [0}
F
HN | HN |
O
H
O
Tegafur Uracil
MOA: Tegafur (Ftorafur) is metabolized in vivo to 5-FU. Uracil inhibits further degradation of 5-FU
— t¥ prolonged
Inhibition of thymidylate synthetase by FAUMP — thymidine synthesis |
Incorporated into RNA, inhibition of RNA synthesis by FUTP
Cell-cycle-specific: S phase
Pkin: Metabolism: Conversion to 5-FU intracellular activation and phosphorylation (formation of
FAUMP, FUTP, etc.). Degradation in liver and intestinal mucosa by dihydropyrimidine dehy-
drogenase is reduced by uracil, metabolic (90%), renal (10%) excretion
Se: Bone marrow: mild myelosuppression
Cardiovascular: rarely acute cardiotoxicity with arrhythmias, ischemia, myocardial infarction
in isolated cases
Gastrointestinal: nausea, vomiting, diarrhea, abdominal pain
Liver: elevated transaminases, bilirubin 1 (rare)
Kidney: proteinuria (rare) and hematuria
Skin: erythema, pruritis, dermatitis, pigmentation disorders, alopecia (especially with long-
term use), palmar-plantar erythrodysesthesia
Nervous system: in rare cases central nervous system changes (headache, vertigo, somnolence,
confusion), dysgeusia
Other: fever, fatigue, reduced performance status, arthralgia
Ci: Severely impaired liver function
Pre-existing stomatitis / diarrhea / myelosuppression
CyP2A6 deficiency
Th: Approved indications: colorectal cancer
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Other areas of use: gastrointestinal tumors, breast cancer, other solid tumors

Dosage and Administration

« Standard dose: 300 mg/m?/day p.o. for 28 days, then no therapy for 7 days
o Dose modification » Chap. 3.2.4, stability 2 years at room temperature
o« BEFORE TREATMENT: full blood count, liver and renal function tests



3.2 Characteristics of Clinically Used Cytostatic Drugs

Chem:

MOA:

Pkin:

Se:

Ci:

Th:

Vinblastine

Vincaleukoblastine, alkaloid extracted from Vinca rosea, mitotic inhibitor

|
H;C CO,CH4

Binds to tubulin — formation of mitotic spindle microtubules | — mitotic arrest
Inhibition of DNA-dependent RNA polymerases — RNA synthesis |
Cell-cycle-specific: G2 / M phases

Kinetics: half-life: initial t¥2 < 5 min, terminal t% 20-64 h
Metabolism: hepatic activation (deacetylation), hepatic metabolism (cytochrome P450-depend-
ent), biliary (30%) and renal (25%) excretion

Bone marrow: myelosuppression dose-limiting, neutropenia, thrombocytopenia (rare) / ane-
mia

Cardiovascular: cardiovascular disorders, hypertension, hypotension

Pulmonary: pulmonary toxicity with acute interstitial pneumonitis / bronchospasm when
given in combination with mitomycin

Gastrointestinal: mild nausea / vomiting, diarrhea, mucositis, constipation (in severe cases
paralytic ileus), intestinal spasm (rare), gastrointestinal bleeding (rare)

Skin: moderate alopecia, erythema, exanthema, photosensitivity

Nervous system: moderate peripheral neurotoxicity (cumulative) with paresthesias, motor dis-
turbances (rare), less pronounced than with vincristine or vindesine

Local toxicity (extravasation » Chap. 9.9): phlebitis, necrosis

Other: muscle spasms in mandible/ neck / back / limbs

Impaired liver function, hepatic radiation, neuropathies, acute infections

Approved indications: malignant lymphomas, testicular cancer, breast cancer, choriocarcinoma,
Kaposi’s sarcoma
Other areas of use: other solid tumors, CML

Dosage and Administration

Standard dose: various protocols:

- Polychemotherapy: 6 mg/m*/day i.v. on day 1 every 7-14 days

— Monotherapy: 4 mg/m?/day i.v. on day 1 every 7 days, gradually increase by 2 mg/m?*/day
each week up to a maximum of 18 mg/m?/day

Dose modification » Chap. 3.2.4, incompatibility » Chap. 3.2.6, stability » Chap. 3.2.7

ATTN: Cumulative neurotoxicity, enhanced by cisplatin, etoposide, paclitaxel. Regular neuro-

logical examination. Increased risk of paralytic ileus with administration of opiates

BEFORE TREATMENT: full blood count, liver and renal function tests (creatinine clearance),

neurological evaluation. Constipation prophylaxis

127



Part 3 Pharmacology and Pharmacotherapy

Vincristine
Chem: 22-Oxovincaleukoblastine, alkaloid extracted from Vinca rosea, mitotic inhibitor
MOA: o Binds to tubulin — formation of mitotic spindle microtubules | — mitotic arrest

Pkin: .

Se: .

Inhibition of DNA-dependent RNA polymerases — RNA synthesis |
Cell-cycle-specific: G2 / M phases

Kinetics: half-life: initial t% < 5 min, terminal t% 23-85 h
Metabolism: hepatic metabolism, biliary excretion (> 70-80%), minor renal excretion

Bone marrow: mild myelosuppression, especially neutropenia

Cardiovascular: cardiovascular disorders, hypertension, hypotension

Pulmonary: interstitial pneumonitis / bronchospasm (esp. when given in combination with
mitomycin C)

Gastrointestinal: constipation / ileus, nausea / vomiting, mucositis

Kidney: polyuria (ADH secretion |), dysuria, urinary retention (bladder atony)

Skin: moderate alopecia, erythema

Nervous system: peripheral neurotoxicity (cumulative, dose-limiting), autonomic neurotoxic-
ity, in some cases cranial nerve deficits and central nervous system disorders: hypesthesia,
paresthesias, motor disorders, areflexia, in rare cases paralysis, ataxia, ileus, optic atrophy /
blindness, seizures

Local toxicity (extravasation » Chap. 9.9): phlebitis, necrosis

Other: muscle spasms / pain in mandible / neck / back / limbs, fever (rare), pancreatitis (rare)

Ci: Impaired liver function, hepatic radiation, manifest neuropathies, constipation

Th: Approved indications: lymphomas, leukemias, solid tumors (e.g., breast cancer, lung cancer, sarco-
mas, Wilms’ tumor, neuroblastoma)
Other areas of use: other solid tumors

Dosage and Administration
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Standard dose: 1.0-1.4 mg/m?/day i.v. on day 1, maximum single dose 2 mg (1 mg in patients
over 65 years)

Dose modification » Chap. 3.2.4, incompatibility® Chap. 3.2.6, stability » Chap. 3.2.7
ATTN: regular neurological examination. Cumulative neurotoxicity (especially with total
doses > 20 mg). Neurotoxicity enhanced by cisplatin, etoposide, paclitaxel. Increased risk of
ileus with administration of opiates

BEFORE TREATMENT: full blood count, liver and renal function tests (creatinine clearance),
neurological evaluation. Constipation prophylaxis



3.2 Characteristics of Clinically Used Cytostatic Drugs

Chem:

MOA:

Pkin:

Se:

Ci:

Th:

Vindesine

3-Carbamoyl-4-deacetyl-3-de(methoxy-carbonyl) vincaleukoblastine sulfate
Mitotic inhibitor

|
HsC  CONH,

Binds to tubulin — formation of mitotic spindle microtubules | — mitotic arrest
Inhibition of DNA-dependent RNA polymerases — RNA synthesis |
Cell-cycle-specific: G2 / M phases

Kinetics: half-life: initial t% < 5 min, terminal t% 20-24 h
Metabolism: hepatic metabolism (cytochrome P450-dependent), biliary excretion (> 80-90%)
and renal excretion (10-15%)

Bone marrow: myelosuppression (dose-limiting), especially neutropenia

Cardiovascular: cardiovascular disorders, hypertension, hypotension

Pulmonary: interstitial pneumonitis / bronchospasm (esp. when given in combination with
mitomycin C)

Gastrointestinal: constipation, nausea / vomiting (rare), mucositis

Skin: alopecia (more pronounced than with vincristine), erythema

Nervous system: peripheral, autonomic and central neurotoxicity similar to vincristine, but less
pronounced: hypesthesia, paresthesias, motor disorders, areflexia

Local toxicity (extravasation » Chap. 9.9): phlebitis, necrosis

Other: muscle spasms / pain in mandible / neck / back / limbs, fever (rare), pancreatitis (rare)

Impaired liver function, hepatic radiation, neuropathies, constipation

Approved indications: leukemias, lymphomas, melanoma, lung cancer, breast cancer, esophageal
cancer, testicular tumors, head and neck tumors
Other areas of use: other solid tumors, plasmacytoma

Dosage and Administration

Standard dose: various protocols:

- 3-4 mg/m?*/day i.v. on day 1, every 7-14 days, maximum single dose: 5 mg absolute

- 1.0-1.3 mg/m®/day i.v. for 5-7 days, every 3 weeks

Dose modification » Chap. 3.2.4, incompatibility » Chap. 3.2.6, stability » Chap. 3.2.7
ATTN: regular neurological examination. Cumulative neurotoxicity enhanced by cisplatin,
etoposide, paclitaxel. Risk of ileus with administration of opiates

BEFORE TREATMENT: full blood count, liver and renal function tests, neurological evalua-
tion. Constipation prophylaxis
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Vinorelbine
Chem: 3’4’-Didehydro-4’-deoxy-8’-norvincaleukoblastine, mitotic inhibitor
|
HsC  CO,CHj4
MOA: « Binds to tubulin — formation of mitotic spindle microtubules | — mitotic arrest

« Inhibition of DNA-dependent RNA polymerases — RNA synthesis |
o Cell-cycle-specific: G2 / M phases

Pkin: «  Kinetics: oral bioavailability 20-40%, half-life: initial t¥2 < 5 min, terminal t% 18-49 h
o Metabolism: hepatic metabolism to active and inactive metabolites, biliary excretion (35-80%),
minor renal excretion (15-30%)

Se: o Bone marrow: myelosuppression dose-limiting, neutropenia, thrombocytopenia / anemia

(rare)

+ Gastrointestinal: nausea / vomiting / diarrhea / mucositis / constipation (rare)

o Skin: moderate alopecia

o Nervous system: peripheral neurotoxicity (cumulative) with paresthesias, motor disorders
(rare), less pronounced than with vincristine or vindesine

o Local toxicity (extravasation » Chap. 9.9): phlebitis, necrosis

o Other: muscle spasms / pain in mandible / neck / back / limbs (rare)

Ci: Impaired liver function, radiotherapy, neuropathies

Th: Approved indications: non-small cell lung cancer, breast cancer
Other areas of use: other solid tumors

Dosage and Administration

« Standard dose: 30 mg/m?/day i.v. on day 1, weekly

o Dose modification » Chap. 3.2.4, incompatibility » Chap. 3.2.6, stability » Chap. 3.2.7

o ATTN: regular neurological examination. Cumulative neurotoxicity, enhanced by cisplatin,
etoposide, paclitaxel. Risk of paralytic ileus with administration of opiates

o BEFORE TREATMENT: full blood count, liver and renal function tests, neurological evalua-
tion. Constipation prophylaxis
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3.2 Check List Cytostatic Treatment

3.2.2

Def:

Meth:

Ref:

Web:

Check List Cytostatic Treatment

D.P. Berger

Every cytostatic treatment carries the risk of adverse and potentially life-threatening effects.
Therefore, it is imperative to observe general treatment guidelines as well as specific precautions

for certain cytostatics.

The procedures listed below are mandatory in all patients before and during cytostatic treatment.
However, this list is not exhaustive. Additional measures may be indicated, depending on the pa-
tient’s general condition, pre-existing disorders, and the disease situation.

Recommended procedures / check-ups in cytostatic therapy

Compounds

Procedures / tests

All cytostatics

+ Anthracyclines, amsacrine,
mitoxantrone

o Asparaginase
+ Bleomycin, busulfan
o Carmustine, lomustine

» Cisplatin

 Cladribine, fludarabine, pento-
statin

+ Cyclophosphamide, ifosfamide

o Methotrexate

» 6-Mercaptopurine

¢ Pemetrexed

o Taxanes

« Vinca alkaloids

Case history, clinical examination; exhaustive patient
counseling and obtaining of informed consent before
treatment; information on sperm / oocyte preservation
(» Chaps. 4.10.1, 4.10.2), and potentially necessary sup-
portive measures (transfusion therapy, antiemesis, etc.)
Blood count, liver / renal function tests, inflammation
parameters

Serum bilirubin, ECG, with suspected cardiopathies /
cardiac insufficiency: echocardiography or radionuclide
ventriculography

Blood glucose, lipase, coagulation status, neurostatus
Pulmonary function, chest x-rays
Pulmonary function, chest x-rays, neurostatus

Creatinine clearance, serum magnesium, neurostatus,
possibly audiometry, fluid therapy, osmotic diuresis

Lymphocyte subpopulations (especially CD4- / CD8-
positive T-cells), neurostatus

Fluid therapy, mesna, alkalization

Creatinine clearance, rule out ascites and pleural ef-
fusion, fluid therapy, alkalization, possibly leucovorin
rescue, methotrexate serum levels

Dose reduction in case of simultaneous administration
of allopurinol

Prophylactic administration of folic acid and vitamin B;,

Cardiac check-up, neurostatus, premedication with
steroids and H1/H2 blocker

Serum bilirubin, neurostatus, constipation prophylaxis

. Ginsberg JP, Womer WB. Preventing organ-specific chemotherapy toxicity. Eur ] Cancer 2005;41:2690-700
2. Lee WM. Drug-induced hepatotoxicity. N Engl ] Med 2003;349:474-85

http://www.druginfonet.com/

2. http://www.meds.com/DChome.html

Drug information
Information on Cytostatics
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Meth:

Ref:

Web:
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Drug Dosage Calculation Based on Body Surface Area (BSA)

C.l. Miiller, D.P. Berger, M. Engelhardt

Many important pharmacokinetic parameters (e.g., renal function, liver function) correlate par-
ticularly with the body surface area (BSA). Therefore, dosage recommendations for cytostatics are
generally based on the patient’s body surface area (in m*). Height and weight are used to caculate
BSA.

Normal-weight Patients
Body surface area (BSA) calculation is based on empirical formulas:

Body Surface Area Calculation by Mosteller

Body Surface Area (m?) = ( Height (cm) x Weight (kg) / 3,600 )°*

Body Surface Area Calculation by Gehan and George

Body Surface Area (m?*) = 0.0235 x Height (cm)®***** x Weight (kg)*****°

Simplified formulas are not sufficiently accurate for clinical use and should not be used for calcu-
lating the dosage of cytostatics. Sufficiently accurate alternatives used in everyday clinical practice
are slide charts, BSA tables, or so called nomograms. Alternatively, many internet pages provide
online body surface area calculations or offer BSA calculators for download.

Obese Patients

In obese patients, various cytostatic dosages have to be adapted to the body weight.

Rule of thumb:

o With palliative indication: limiting of body surface area-based cytostatic dosage to a maxi-
mum 2m?>

o With curative indication: dosage calculation based on “ideal body weight” (IBW) or “adapted
IBW” (» Chap. 3.2.4)

1. Bailey BJ, Briars GL. Estimating the surface area of the human body. Stat Med 1996;15:1325-32

2. Baker SD, Verweij ], Rowinsky EK et al. Role of body surface area in dosing of investigational anticancer
agents in adults, 1991-2001. ] Natl Cancer Inst 2002;94:883-8

3. Gehan EA, George SL. Estimation of human body surface area from height and weight. Cancer Chemother
Rep 1970;54:225-35
Mosteller RD. Simplified calculation of body-surface area. N Engl ] Med 1987;317:1098
Reilly JJ, Workman P. Normalization of anti-cancer drug dosage using body weight and surface area: is it
worthwhile? Cancer Chemother Pharmacol 1993;32:411-8

1. http://www.halls.md/body-surface-area/refs.htm BSA, Formulas and Comments
http://www.halls.md/body-surface-area/bsa.htm BSA Calculation
3. http://www.ultradrive.com/bsac.htm BSA Calculation



3.2 BSA

Nomogram for determination of the body surface area of an adult

200 2.8 150
o6 140
1 .
% 130
180 24 120
290 110
170
100
2.0
160 1.9 90
18 80
150 17
1.6 70
140
1.5
1.4 60
130
1.3
50
120 1.2
11
40
110 10
35
0.9
100 0.85 30
height body surface area (BSA) weight
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Dose Adjustment of Cytostatic Drugs

W. Digel

The individual doses of cytostatic drugs should be adapted to the current status of the patient.
Primarily, the following parameters should be taken into consideration: hematological situation,
liver function, renal function, performance status, expected toxicity (e.g., cardiotoxicity, oto- /
neurotoxicity, mucosal toxicity) and comorbidities.

Renal Parameters: Creatinine Clearance

Calculation

Creatininey,;,. (mg/dl) x Urine Volume (ml)

Creatinine Clearance (ml/min) =
Creatinines,,,,, (mg/dl) x Time (min)

Estimation
Body Weight (kg) x (140 - A
3 Creatinine Clearance (ml/min) = ody Weight (kg) x ( ge)
Creatinineg,,,, (mg/dl) x 72
Body Weight(kg) x (120 — A
Q Creatinine Clearance (ml/min) = ° Y. .elg (k) x ( ge)
Creatinines,, (mg/dl) x 72
Liver Parameters

The following parameters are used to evaluate liver function:

« Bilirubin, alkaline phosphatase

o Transaminases (AST, ALT), yGT

o Synthetic capacity (coagulation parameters, Quick’s test score)

Bone Marrow Function
Generally, bone marrow toxicity is the dose-limiting side effect of cytostatic treatment
interval(exceptions: bleomycin, vincristine, L-asparaginase).

ATTENTION:

o Whether dose adjustment is necessary or whether it is preferable to delay the treatment inter-
val, has to be decided in each individual case.

o In cases of prolonged neutropenia after chemotherapy, the administration of hematopoietic
growth factors (e.g., G-CSF) should be considered.

o If bone marrow damage / suppression of normal hematopoiesis can be attributed to the pri-
mary disease (leukemia, lymphoma with bone marrow involvement, etc.), dose reduction
based on blood count parameters is not indicated.

Recommended dose adjustment according to bone marrow function

Leukocyte count (/) Thrombocyte count (/ul) Dose (%)
> 3,500 >100,000 100
3,000-3,500 75,000-100,000 75
2,500-3,000 50,000-75,000 50
< 2,500 < 50,000 0




3.2 Dose Adjustment

Ref:

Web:

Body Weight and Chemotherapy

In obese patients, dose adjustment of cytostatics to body weight is required. This is of particular

importance for cyclophosphamide and etoposide / VP-16 in the frame of high-dose chemother-

apy.

« In these cases, dose should be based on the “ideal body weight” (IBW).

o If the IBW is more than 15 kg below the real body weight (which is usually the case with
highly obese patients), dose adjustment should be based on the “adapted ideal body weight”
(AIBW).

Ideal Body Weight (IBW)

Height in cm
PASS

3 IBW =50kg +23x ( -60)

Height in cm
2.53

) IBW =455kg +23 x ( -60)

Adjusted Ideal Body Weight (AIBW)

AIBW = IBW + 0.4 x (Actual Body Weight - IBW)

Dose Modification Table

General rules of cytostatic drug dose adjustment based on hepatic and renal functions are given in
the table below. Manufacturers’ recommendations and relevant literature have been incorporated.
Since data can vary considerably, the cytostatic dosage should be determined discerningly, taking
into consideration the patient’s general status.

All data are percentages of the standard dosages specified in the respective therapy protocols.

1. Canal P, Chatelut E, Guichard S. Practical treatment guide for dose individualisation in cancer chemo-
therapy. Drugs 1998;56:1019-38

2. Donelli MG, Zucchetti M, Munzone E et al. Pharmacokinetics of anticancer agents in patients with im-
paired liver function. Eur ] Cancer 1998;34:33-46

3. Ibrahim S, Honig P, Huang SM et al. Clinical pharmacology studies in patients with renal impairment: past
experience and regulatory perspectives. ] Clin Pharmacol 2000;40:31-8

4. Lichtman SM, Villani G. Chemotherapy in the elderly: pharmacologic considerations. Cancer Control
2000;7:548-56

5. Marx GM, Blake GM, Galani E et al. Evaluation of the Cockroft-Gault, Jelliffe and Wright formulae in
estimating renal function in elderly cancer patients. Ann Oncol 2004;15:291-5

6.  Stevens LA, Coresh ], Greene Tet al. Assessing kidney function — measured and estimated glomerular
filtration rate. N Engl ] Med 2006; 354:2473-83

1. http://www.druginfonet.com/ Drug Information (with specialist information)
2. http://chemfinder.camsoft.com/ Data Base of Chemical Compounds

3. http://www.meds.com/DChome.htm] Information on Cytostatics

4. http://www.manuelsweb.com/IBW.htm IBW calculator

5. http://medcal3000.com/CreatinineCLhtm Creatinine Clearance Calculator

6. http://nephron.com/cgi-bin/cgsi.cgi GEFR calculator

135



Pharmacology and Pharmacotherapy

Part 3

9)eI UOTJeI)[Ij Je[NISWO[S YD QUIUTEID ¥a.) ‘WOTIBIIPUIRIIUOD 1) ‘OSeUTWesuer) aje)redse [y
anpea reurtou Joddn x 9 < asejeydsoyd surrexe Yipmq
anfea fewiou 1addn x ¢z < asejeydsoyd surfexe yIm.

uonoUNJSAp I9AT[ 3m syuanjed ur A[snonned asn

Aousmornsut [eua1 Ym syuanjed ur A[snonned asn

(Vao-7) suiquped

1D amjosqy 09 >
uorPUNYSAp 1A Ym sjuaned ur L[snonned asn %001 09 < (utu/qur) Y15 unyedsiy
1D 2AnR[Y 06 <
%09 081 < 0'g-T°¢
%SL 081-09 0¢-G'T IO 2aneRY or >
%001 09 > 1> %001 01 < (urw/[un) 419 aunsnuire’)
IO 2aneRY =
%0% 0%-91
%09 65-1%
uonouNysAp JAT [3m syuanjed ur A[snonned asn %001 09< (utw/qur) YJI9 uneidoqren
paymads 10N 0g >
%SL 05-0¢
uonouNysAp J9AT s syuanjed ur A[snonned asn %00T 0S < (utw/qur) YJI5 surqeade)
AP[oom 991M) UIALS USYM UOTIONPAT ON
%SC-09 o1 >
%0S-GL 09-01
uorPUNYSAp 1A Ym sjuaned ur Ljsnonned asn %001 09 < (utw/qur) Yo urAwoarg
uonouUNJsAp J9AT[ [3m syuanjed ur A[snonned asn Kouarognsurt feuar yym syuared ur A[nyares asn sursnwepuag
uorPUNYSAp 1A Y3m sjuaned ur £jsnonned asn QUON aseurderedsy
1D 24AnR[Y 081< 0°¢<
%05 081-09 0¢-G'T
%001 09 > 1> %GL §I< (Ip/3ur) “"*Seax) QULIDBSWY

uonounysAp J9AI Y3m syuanjed ur A[snonneds aspn

Kouamygnsur [euar yim sjuanjed ur A[njareds asn

(NINH) durweianry

asoq (/01) 1SV (1p/8ur) urqnuyrg

aso JTury BEIELIIALE |

uon unysAp ISAT[ YIIM UONIBIYIPOW SO

uondunysAp [eUdI Y)IM UOTIRIYIPOUI 30

punoduwo)

uorduny uebio padnpal Jo ased ui $J13e3s014d JO JuswWIsN(pe SSOP PIPUIWIWOIAI :3|ge) UoedYIpow 3s0q

O
o
—



9)eI UONJEI)[J JB[NISWO[S Y5 ‘QUIUNEIID 2.7 ‘UOTIedIPUTLIIUOD [) ‘dSeururesuer) djejredse [y
anpea reuriou Joddn x 9 < asejeydsoyd surrexe YipMq
anfea ewtou 1addn x ¢z < asejeydsoyd surfexe Y.

3.2 Dose Adjustment

uonouUNJSAp I9AT[ 3m syuanjed ur A[snonned asn Kouaroynsurt feuar ym syuared ur A[snorned asn suT)snurensyg
10 2ane[RYy 06<
%ST 08T < 0'6-T'¢
%09 081-09 0€-S'1

%001 09 > S1> uorounysAp [euar Jofew yym syuanied ur uonONPaI 3soq upiqnidg
IO 2ane[RYy 06<
%ST 08T < 06-T'¢
%09 081-09 0€-S'1

%001 09 > ST > %G/ 01 > (urw/w) Y45 upIqnioxoq
IO 2aneRYy q09 < SI<
%SL 209-0¢ -

%001 o€ > - (uoryeurwI[d [BUAI JUBdYTUSISUT) JUdWISN(pe 350p ON [oxela00Qq

muﬁ@ﬁd& u_.Em_.me UT PIpUatWITIOIAT UOTIONPAT 3SOP ‘F LON

IO 2aneRy 0's <
%05 081 < 0's-T'¢
%SL 081-09 0°¢-G'T
%001 09 > s> %05 0¢< (1p/Swr) “*Searny upIqnIouneq
uorPUNYSAp I9AT] Y3m sjuanjed ur £[snonned asn %S/ o1 > (utu/qur) Y15 updwournde(
1D aane[RyY 0s<
%09 081 < 0'g-T°¢ %09 o1 >
%SL 081-09 0'¢-S'1 %SL 09-01
%001 09 > S1> %001 09 < (urw/Tur) 49 surzeqiese(g
(eyep a3o[dwoour) uonONPaI 3SOP QIS0 %S.-0S 01> (utw/[ur) Y45 surqere}s)
1D 2AneRYy 081 < 0s< %05 or >
%SL 081 < 0'g-T°¢ %SL 09-01
%001 08T > 0¢> %001 09 < (urw/[ur) Y45 sprureydsoydop4n
asoq (/an 1SV (Ip/Swr) wiquinpig asoq iy Iapwereq
uONIUNYSAP ISAT] YIIM UOTIBIYIPOW SO uondUNYSAP [BUI YIIM UOTILIYIPOUI SO punoduro)

(panunuos) uonduny uebio padnpal Jo Ssed Ul SI1RIS0IAD JO JUBWISNPE ISOP PIPUSWIWOII :3|ge)} UONEIYIPOW 350

137



Pharmacology and Pharmacotherapy

Part 3

9jer uoneny hmi;waoﬂw YLD QUIUNRIID 2. “‘UOTIRDIIPUIRIIUOD [) ‘Oseuluresuer} Jjelredse ISV

anpea euriou 1addn x 9 < asejeydsoyd surfeNe YIpMq
anrea fewrtou 1addn x 'z < asejeydsoyd surrese Yime

1D 2ane[y 0's <
%ST = 0's-T°¢ 1D 2ATE[Y o1 >
%05 081 < 0€-61 %05-01 09-01
%001 081-09 1> %001 09 < (urw/[ur) 49 surmdoydesray
%ST o1 >
%05 09-01
uonoUNJSAp I9AT] 3m syuanjed ur A[snonned asn %001 09 < (urw/w) Y4o uereydpp
%0S o1 >
%SL 05-01
uonoUNJSAp I9AT] 3m syuanjed ur A[snonned asn %001 05 < (urw/w) Y4o QunsSnNWoT
1D Injosqy - G1< Aouamorygnsut [euar yim syuaned ur £jsnonned asn UedIIOULI]
uonoUNJSAp I9AT] 3im syuanjed ur A[snonned asn Aousmornsurt [eua1 Ym syuanjed ur A[snonned asn aprurejsojp
[D 2AneIoY . 0'¢g<
%0S = 06-9C
%001 - S'T< Aousmornsurt [eua1 Ym syuanjed ur A[snonned asn uniqnrepy
%ST o1 >
%05 05-01
1D 1Ry = 06 < %00T 0S < (urwy/ ) Y4o eamn£xo1pAq
uonounysAp J9AI Y3m syuanjed ur A[snonnes aspn Kouamoignsurt feuar yum syuaned ur A[snornnes asn QUIqRIOWIN)
1D A1y = 0's < %SL-0S o1 >
%001 = 0's > %001 01 < (utuwr/[u) Y15 [1oeInozonyy
1D ARy o1 >
payads JoN %SL 0s > (urw/ur) 440 aulqelepny]
1D 2ane[y = 0's <
%05 081 < 06-T°¢ %05 o1 >
%52 081-09 0€-61 %SL 09-01
%00T 09 > 1> %00T 09 < (urw/[ur) 49 aprsodoyg
aso(q (/a1 1SV (1p/3uw) wrqnuprg asoq Ty Ijourereq
uondUNJSAp JIAI] YIIM UOTIEIYIPOW SO uondUNJSAp [eUI IIM UOHJEIYIPOW IS0 punodurop

(panunuos) uonduny uebio pasnpal Jo ased uj $I13eIS0IAD JO JudWISN[PR SSOP PIPUIWWOIAI :3|ge) UoIedLIpOW 350

38

—



)l UOTEI[Y TB[NISWOS Y,{D QUIUNEIId ¥a.L) ‘UOBIIPUTIRIIUOD [ ‘OseuTuresuer) ajeyredse [y
anpea eurtou 1addn x 9 < asejeydsoyd surfee I q
anrea fewrtou 1addn x 'z < asejeydsoyd surrese YIpme

139

3.2 Dose Adjustment

uonounysAp JAI[ Y3m syuanjed ur A[snonnes asn Kouamoignsurt feuar yum syuaned ur A[snornes asn SPIWIO[0ZOWI],
uondUNJSAp I9AT[ Y3im syuanjed ur A[snonneds asp Aousrornsut [eua1 ym syuanjed ur A[snonned asn JuIZeqredo1d
ERlA R )
SUIUTIEIID PUE 3dUBIEI]D UIje)sojuad Uaam)aq UOTIB[A1I0D JATISOJ
uonOUNJSAp JAT[ 3m syuanjed ur A[snonneds asp 1D 2AnR[RY 09 > (utw/qur) YI9 UIIeIS0IUdJ
1D 2anR[Y Sy >
uorPUNYSAp I9AT] Y3m sjuanjed ur £[snonned asn %001 Gy < (urw/[ur) Y49 paxanjowdg
%05 = 0€< (%01 > UOTIRUTWI]? [eUaI) Ies
%001 = 0¢€> -$909U UONONPII ISOP OU ‘UONOUNJSAP [BUSI WNIPIW 0} PIIW YA PxePed
uonOUNJSAp I9AT[ 3m syuanjed ur A[snonned asp 1D 2AnR[RY 0g > (utw/[ur) Y19 unerdifexQ
uorPUNYSAp 1A Ym sjuaned ur £jsnonned asn Aouamorygnsur [euar yim syuaned ur L[snonned asn aunSNUWIN
1D 2ATIeY = 0's <
%ST 081 < 0'g-T°¢
%05 081-09 0€-S'T Ares
%001 09 > 1> -$909U UONONPII ISOP OU ‘UOTIOUNJSAP [BUSI WNIPIW 0} PIIW YIA SUOIJUBXOIA
IO 2aneRY L1<
UOTOUNJSAP IOAT] 219A3S Y3Im sjuanjed ur pajesrpurenuo)) sdn-morjog SI1< (1p/8ur) “*Sea1n D UAWONA
10 2aneRy - 0g<
%SL 081 < 0'g-T°¢ (asop
%001 081-09 0'€-0'1 1D 2m[osqy 09 > (urw/[u) Y15 Y31y 21eX2R0PIN
1D 2ATeY o1 >
%05-0T 09-01 (9sop
uorPUNYSAp 1A Y3m sjuaned ur £jsnonned asn %00T 09 < (utw/qur) Y5 MOT) 2JBX21JOYIIN
asoq (VnD 1SV (1p/3w) urqnirgig asoq g Iawereq

UoTIdUNJSAP JIAI[ YIIM UOTJBIYIPOUI ISO(]

UoIPUNJSAP [BUII YIIM UON)BIYIPOU IS0

punoduwo)

(panunuos) uonduny uebio padnpal Jo Ssed Ul SI1RIS0IAD JO JUBWISNPE ISOP PIPUSWIWOII :3|ge)} UONEIYIPOW 350



)l UONBI[Y TB[NISWO[S ¥Y,{D QUIUNEIID va.L) ‘UONEIIPUIRIIUOD [)) ‘OSeuTuresuer) ajejredse [y
anpea euriou 1oddn x 9 < asejeydsoyd surfee YIpMq
anfea fewtou 1addn x ¢z < asejeydsoyd surfeye Y.

Pharmacology and Pharmacotherapy

Part 3

%ST - 0'¢<
%05 = 0¢-1'C
%001 - 0> A1eSS909U UOT)ONPIT ISOP ON QUIQ[2IOUTA
1D 2A1R[Y - 06 <
%ST 081 < 06-T°¢
%05 081-09 0€-G'1
%00T 09 > ST > A18$5209U WONIONPAT ISOP ON QUISIPUIA
1D 2A1R[Yg - 06 <
%ST 081 < 06-T°¢
%05 081-09 0¢-ST %SL 01>
%00T 09 > 1> %00T 01 < (utw/[ur) Y49 SUIISLIDUIA
1D a1y - 06 <
%ST 08T < 06-T°¢
%05 081-09 0¢-S'T %SL 01>
%001 09 > ST > %001 01 < (uru/[u) g49 aupse[quIp

uoT)OUNJSAP JIAT] 910438 UM sjuanied UT PajedIpurenjuoy)

Aousrornsut [eua1 s syuanjed ur A[snonned asn

(oem-myedal) 110

uonounysAp IoAT] yim sjuanjed ur A[snonned asn uonOUNJSApP [BUST 9I9AS YIIM sjuanjed Ul pajesrpurer;uo) SPIWER)SOJOI],
D 2m[osqy 0z >
%08 0¥—-0¢T

jususn(pe asop oN 01 > %00T 0¥ < (utw/ur) 440 uesdjodoy,

uoT)OUNJSAP JIAT] 910438 UM sjuaried UT pajedIpurenjuoy)

Aousrornsut [eua1 ym syuanjed ur A[snonned asn

suruendoryy,-9

IO 2ATR[RY = 05 <
%08 081 < 06-T°¢
%S 081-09 0€-6'1
%001 09 > ST > Kouaronsurt feuar M syuared ur A[snorned asn aprsodiuag,
asoq (/01 ISV (1p/3uw) urqnug aso(q ywry 19jowERIEq
uondUNJSAp IAI YIIM UOTIRIYIPOW SO uonduUNJsAp [eUI IIM UOHEIYIPOW IS0 punodurop

(panunuos) uonduny uebio pasnpal Jo ased uj $I13eIS0IAD JO JudWISN[Pe SSOP PIPUIWWOII :3|ge) UoIedLIPOW 350

40

-



3.2 Chemotherapy During Pregnancy and Lactation

3.2.5

Def:

Ep:

Prg:

Th:

Chemotherapy During Pregnancy and Lactation

H. HenB

Antineoplastic treatment during pregnancy or lactation.

Chemotherapy in pregnant or breastfeeding women is indicated in rare cases. The most common
tumor types are:

» Breast cancer

o Cervical carcinoma

o Lymphoma

« Malignant melanoma

Risks of malignancies in pregnant women:

o 'Threat to the mother’s life

o Threat to the child’s life

o Spread of disease to the child

o Side effects of treatment on mother and child

Beside medical aspects, ethical and psychosocial considerations in particular are to be taken into
account when determining whether antineoplastic chemotherapy in pregnant / breastfeeding
women is indicated. Of paramount importance is the interdisciplinary cooperation of the chemo-
therapist with the obstetrician, pediatrician, and, if necessary, with the medical ethicist.

Principles of Therapy

Decisions on chemotherapy during pregnancy have to be taken on an individual patient basis. The
patient and her relatives are to be included in the decision-making process. Of practical import-
ance are, in particular:

« Stage of pregnancy

« Stage / prognosis of malignancy

« Patient’s general health / secondary disorders

o Therapeutic options

« Postchemotherapy fertility / urgency of wanting a child

First to 20th Week of Gestation (WOG)

Cytostatic chemotherapy up to the 20th WOG bears a high risk of fetal malformation (15-20%).
Termination of pregnancy should therefore be seriously considered. In deciding between abortion
and deferment of chemotherapy, the therapeutic situation of both mother and child need to be
taken into consideration. Treatment is absolutely indicated when, due to expected rapid progres-
sion (acute leukemia, highly malignant lymphoma), it is unlikely that the mother will survive until
the earliest possible delivery date.

Curative Therapeutic Intention

o As far as possible, deferment of curative chemotherapy should be avoided.

o Immediate initiation of treatment after termination of pregnancy.

o If the parents object to an abortion, chemotherapy should nonetheless be started immediately
(ATTN: with highly elevated risk of malformation). Through frequent sonographic monitor-
ing, malformations can be detected before the 24th WOG and the pregnancy can subsequently
be terminated. It is important to inform the patient of the risk of non-detection of malforma-
tions by ultrasound examination.
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Palliative Therapeutic Intention

o Immediate initiation of treatment after termination of pregnancy.

o Ifin light of the palliative situation immediate treatment is not desired, deferment until com-
pletion of organogenesis may be considered. The possible risks for both mother (tumor pro-
gression) and child (transplacental tumor metastasis into fetus) must be pointed out.

Twentieth to 32nd Week of Gestation (WOG)

Chemotherapy between the 20th and 32nd WOG rarely leads to fetal malformation. The main

therapeutic risks are organ toxicity, intrauterine growth retardation (IUGR) and preterm delivery.

Precautions:

« Monitoring of pregnancy at a perinatal center

o Planning of early delivery

« Consideration of possible myelosuppression in both mother and child

o Consideration of prenatal surfactant therapy to enhance pulmonary maturation

Curative Therapeutic Intention

Immediate initiation of chemotherapy.

Palliative Therapeutic Intention

Possible deferment of antineoplastic therapy until infant is viable. Postpartum initiation of treat-

ment. Patient information on risks and possible consequences of therapy delay for both mother

(tumor progression) and child (risk of metastasis).

From 32nd Week of Gestation (WOG)

Usually, the fetus is viable from the 32nd WOG on — delivery before initiation of chemotherapy.

Lactation

Infants should be weaned before chemotherapy is initiated. For the majority of cytostatic drugs,

the transfer into breast milk is not specified. However, potential damage to the child can not be

ruled out completely.
Ref: 1. Germann N, Goffinet F, Goldwasser E Anthracyclines during pregnancy: embryo-fetal outcome in 160
patients. Ann Oncol 2004;15:146-50

2. Giacalone PL, Laffargue F, Benos P. Chemotherapy for breast carcinoma during pregnancy. A French

national survey. Cancer 1999;86:2266-72

3. Loibl S, von Minckwitz G, Gwyn K et al. Breast carcinoma during pregnancy. Cancer 2006; 106:237-46

Partridge AH, Garber JE. Long-term outcomes of children exposed to antineoplastic agents in utero.
Semin Oncol 2000;27:712-26

5. Salooja N, Szydio RM, Socie G et al. Pregnancy outcomes after peripheral blood or marrow transplanta-

tion: a retrospective survey. Lancet 2001;358:271-6

6. Williams SE Schilsky RL. Antineoplastic drugs administered during pregnancy. Semin Oncol 2000;27:618-

22
Web: 1. http://www.cancer.gov/cancertopics/pdq/treatment/breast-cancer-and-pregnancy/ NCI Cancernet
2. http://www.sogc.org/guidelines/public/111E-CPG-February2002.pdf SOGC Guideline
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3.2 Cytostatic Drugs

3.2.6

Def:

Selected Cytostatic Drug Incompatibilities

A. Gobel, B. Lubrich

Physicochemical incompatibility of antineoplastic compounds may lead to, e.g., precipitation,
discoloration, decomposition. These processes can be triggered by even brief contact with other
compounds, e.g., when using the same infusion pump, injection via a Y-piece, or parallel infusion
via a manifold set.

Prevention of Drug Incompatibility

In principle, mixing different cytostatic drug solutions as well as mixing cytostatics with paren-
teral nutrition solutions should be avoided. When using complex therapeutic regimens, manufac-
turers’ recommendations and drug incompatibility databases should be consulted.

Incompatibility Table

« Cytostatic drugs and substances listed below are physicochemically incompatible.

« Consecutive administration of incompatible compounds without changing the infusion pump
or injection via a Y-piece has to be avoided.

« Incompatibilities are negligible if the infusion set is replaced before each drug administration
or flushed with 0.9% saline or 5% glucose solution.

o Drugs not listed in this table cannot generally be seen as compatible. In case of incompatibility
questions, the responsible pharmacy should be contacted.

Physicians and nurses administrating chemotherapy have the obligation to regularly and care-
fully check infusions for incompatibilities.

Cytostatic Incompatible with:

Amsacrine Saline and other chlorine solutions, acyclovir, amphotericin B, aztreonam,
ceftazidime, ceftriaxone, cimetidine, furosemide, ganciclovir, heparin,
methylprednisolone-21-hydrogen succinate, metoclopramide, ondanse-
tron, sargramostim

Asparaginase Not specified

Bleomycin Aminophylline, amino acids, ascorbic acid, carbenicillin, cefalotin, cefazo-
lin, dexamethasone, diazepam, furosemide, 5% glucose, hydrocortisone-
21-hydrogen succinate, methotrexate, mitomycin, nafcillin, penicillin G,
riboflavin, sulthydryl-containing drugs (e.g., glutathione), terbutaline,
divalent and trivalent cations

Carboplatin Aluminum (e.g., in infusion cannulas), 5-FU, mesna, sodium bicarbonate

Carmustine Alkaline solutions, allopurinol, sodium bicarbonate, PVC (infusion con-
tainer and application set)

Cisplatin Amino acids, water for injection, alkaline solutions, aluminum (e.g., in
infusion cannulas), amifostine, cefepime, chelating agents (e.g., penicilla-
mine), 5-FU, gallium nitrate, 5% glucose, mesna, metoclopramide, sodium
bicarbonate, sodium bisulfite-, -hydrogen sulfite- and -thiosulfate-contain-
ing drugs, piperacillin / tazobactam, thiotepa

Cladribine 5% glucose
Cyclophospha- Aluminum (e.g., in infusion cannulas), amphotericin B, benzyl alcohol
mide
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Cytostatic

Incompatible with:

Cytarabine

Dacarbazine

Dactinomycin

Daunorubicin

Daunorubicin
liposomal

Docetaxel

Doxorubicin

Doxorubicin
liposomal

Epirubicin

Estramustine

Etoposide

Etoposide phos-
phate
Fludarabine

Fluorouracil

Gemcitabine

Idarubicin

Ifosfamide

Irinotecan

Allopurinol, carbenicillin, cefalotin, 5-FU, gallium nitrate, ganciclovir,
gentamicin, heparin, hydrocortisone-21-hydrogen succinate, insulin,
methotrexate, nafcillin, penicillin G, methylprednisolone-21-hydrogen
succinate, oxacillin

Alkaline solutions, allopurinol, cefepime, heparin, hydrocortisone-21-hy-
drogen succinate, L-cysteine, mercaptoethanol, methoxypsoralen, sodium
bicarbonate, piperacillin sodium / tazobactam

Benzyl alcohol, cellulose ester (in filter), filgrastim, paraben, riboflavin

Allopurinol, aluminum, aztreonam, cefepime, dexamethasone, fludarabine,
5-FU, furosemide, heparin, methotrexate, piperacillin sodium / tazobac-
tam, pH < 4.0 or pH > 7.0

Benzyl alcohol or other bacteriostatics, dexamethasone, heparin, solvents
other than 5% glucose, detergents and similar substances, electrolyte-con-
taining solvents and drugs

Amphotericin B, liposomal doxorubicin, methylprednisolone sodium suc-
cinate, nalbuphine

Alkaline solutions, allopurinol, aluminum (e.g., in infusion cannulas), ami-
nophylline, amino acids, cefalotin, cefepime, dexamethasone, diazepam,
5-FU, furosemide, gallium nitrate, ganciclovir, heparin, hydrocortisone-21-
hydrogen succinate, pH < 4.0 or pH > 7.0, methotrexate, sodium bicarbon-
ate, piperacillin sodium / tazobactam, vincristine

Amphotericin B, benzyl alcohol / other bacteriostatics, docetaxel, man-
nitol, metoclopramide, mitoxantrone, morphine, sodium bicarbonate,
detergents, electrolyte-containing solvents and drugs

Alkaline solutions, 5-FU, heparin, ifosfamide, methotrexate, mesna

0.9% saline and other infusion solutions (other than 5% glucose), calcium-
containing preparations

ABS synthetics, solutions with pH > 6, cefepime, filgrastim, gallium nitrate,
idarubicin, sodium bicarbonate, PVC (infusion container and application
set)

pH > 7, amphotericin B, cefepime, chlorpromazine, imipenem-cilastatin,
methylprednisolone sodium succinate, mitomycin

Acyclovir, amphotericin B, chlorpromazine, daunorubicin, ganciclovir,
hydroxyzine, miconazole, prochlorperazine edisylate, pH < 4.5 or pH > 8

Calcium folinate, carboplatin, chlormethine, chlorpromazine, cisplatin,
cytarabine, daunorubicin, diazepam, droperidol, doxorubicin, epirubicin,
etoposide, fentanyl, filgrastim, folinic acid, gallium nitrate, leucovorin
calcium, methotrexate, metoclopramide, morphine sulfate, ondansetron,
spirogermanium, sulfobenzoic penicillin, vincristine, vinorelbine

Acyclovir, amphotericin B, furosemide, ganciclovir, irinotecan, methotrex-
ate, methylprednisolone sodium succinate, mitomycin

Acyclovir, alkaline solutions, allopurinol, ampicillin/sulbactam, cefazolin,
cefepime, ceftazidime, clindamycin, dexamethasone-21-hydrogen phos-
phate, etoposide, furosemide, gentamicin, heparin, hydrocortisone-21-hy-
drogen succinate, imipenem, cilastin, lorazepam, methotrexate, mezlocil-
lin, sodium bicarbonate, pethidine, piperacillin sodium / tazobactam,
sargramostim, teniposide, vancomycin, vincristine

Benzyl alcohol, cefepime, methotrexate, mesna

Alkaline solutions, gemcitabine, sodium folinate

ABS: Acrylnitril Butadien Styrol Polymer



3.2 Cytostatic Drug Incompatibilities

Ref:

Web:

Cytostatic

Melphalan
Methotrexate

Mitomycin

Mitoxantrone

Nimustine
Oxaliplatin

Paclitaxel

Pentostatin

Teniposide
Thiotepa

Topotecan
Treosulfan
Vinblastine

Vincristine

Vindesine

Vinorelbine

Incompatible with:

Amphotericin B, chlorpromazine, 5% glucose

Aluminum, bleomycin, chlormethine, chlorpromazine, cytarabine, dau-
norubicin, dexamethasone, doxorubicin, droperidol, 5-FU, gemcitabine,
heparin, hydrocortisone-21-hydrogen succinate, idarubicin, ifosfamide,
metoclopramide, methotrexate, midazolam, nalbuphine, prednisolone-21-
dihydrogen phosphate, promethazine, propofol, ranitidine, vancomycin

Aztreonam, bleomycin, cefepime, etoposide phosphate, filgrastim, gem-
citabine, 5% glucose, piperacillin sodium / tazobactam, sargramostim,
vinorelbine

Alkaline solutions, amino acid-containing solutions, aztreonam, cefepime,
heparin, hydrocortisone-21-dihydrogen phosphate, paclitaxel, piperacillin
sodium / tazobactam, propofol, thiotepa

Not specified
0.9% saline

Ampbhotericin B, chlorpromazine, liposomal doxorubicin, hydroxyzine,
methylprednisolone-21-hydrogen succinate, mitoxantrone, PVC (infusion
container and application set)

Acidic solutions

ABS synthetics, heparin, idarubicin, PVC (infusion container and giving
set), solvents other than 0.9% saline and 5% glucose

Cisplatin, filgrastim, minocycline, mitoxantrone, acidic solutions, vinorel-
bine

Not specified

Alkaline solutions

Cefepime, furosemide, heparin, pH < 3.5 or pH > 5

Cefepime, doxorubicin, furosemide, idarubicin, sodium bicarbonate,
pH<350rpH>5

5-FU, sodium bicarbonate, pH < 3.5 or pH > 5

Acyclovir, alkaline solutions, allopurinol, aminophylline, amphotericin B,
ampicillin, cefazolin, cefoperazone, ceforanide, cefotaxime, cefotetan,
ceftriaxone, cefuroxime, 5-FU, furosemide, ganciclovir, methylpredniso-
lone-21-hydrogen succinate, mitomycin, sodium bicarbonate, piperacillin,
thiotepa, trimethoprim / sulfamethoxazole

ABS: Acrylnitril Butadien Styrol Polymer

1. Trissel LA. Handbook on Injectable Drugs, 14th edn. American Society of Health-System Pharmacists,

Bethesda, 2007.

1. http://www.druginfonet.com/ Drug Information (with specialist information)
2. http://chemfinder.camsoft.com/ Database of Chemical Compounds

3. http://rxlist.com Internet Drug Index

4. http://www.meds.com/DChome.html Information on Cytostatics
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3.2.7

Def:

Meth:
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Preparation and Stability of Cytostatics

B. Lubrich, A. Gébel

Precautions for the safe handling of cytostatics involve preparation, use, and disposal. Of particu-
lar importance is systemic exposure of staff to cytostatics via inhalation, ingestion, and cutaneous
absorption. Potential threats include:

o Local and systemic toxicity

o Acute and chronic toxicity

» Genotoxicity / teratogenicity / mutagenicity

Proper and Safe Handling of Cytostatics: Minimum Requirements
o Staff safety, occupational health and safety

o Patient safety

o Product safety

« Environmental protection

Occupational Safety
Cytostatics must be prepared and used by trained staff only.

Preparation and Use of Cytostatics

Cytostatic drug solutions are prepared in the pharmacy in accordance with the pharmaceutical
law, pharmacy rules, and approved principles of pharmaceutical science.

Preparations for the use of cytostatics are the responsibility of the physician and are carried out by
him-/herself or by members of staff based on approved principles of medical science.

Facilities

Cytostatic drug solutions should be prepared at a central location, e.g., in the hospital pharmacy:
» Inrooms separated from other sectors, with limited access for authorized staff only.

o There must be no eating, drinking, or smoking in the designated rooms.

o There must be no other activities taking place in the room during preparation of cytostatics.
o Doors and windows must be kept closed during preparation: draft-free work environment.

Safety Cabinets

Preparation must be carried out in category 2 safety cabinets.

o Safety cabinets are to be regularly inspected in accordance with current policies. Inspections
are to be documented in a log book.

o A user manual must be provided for work at the cabinets.

o The user manual must contain directives for cleaning and disinfection of all work surfaces.

o Supply and exhaust air in the preparation room must correspond with the cabinet. The exhaust
air ventilation system must be ducted outside.

o Air flow modification during work (e.g., covering of ventilation slots, addition of voluminous
or large numbers of items to the cabinet, vigorous movements) is to be avoided as it could
negatively influence the retention capacity / product safety / entrainment prevention.

Protective Clothing

o Protective clothing is mandatory to avoid direct contact between skin or mucous membranes
and cytostatics.

o Liquid-proof, long-sleeved, high-necked, non-fuzzing gowns with fitting cuffs. Suitable cloth-
ing includes liquid-proof disposable gowns or textile disposable gowns with liquid-proof
gauntlets.

« Gowns must only be worn within the designated rooms.

o Gowns must be changed at least on a daily basis.

Gloves
o Liquid-proof disposable gloves, e.g., latex and/or nitrile gloves of at least 0.2 mm thickness and
of documented quality (double gloving recommended).



3.2 Preparation and Stability of Cytostatics

o Gloves must be long enough to remain tight above the cuff during work.
« Inthe event of visible contamination or leakage and after working with amsacrine, carmustine,
irinotecan, mitoxantrone, and thiotepa, gloves must be changed immediately.

Protective Glasses with Side Shields
When handling cytostatics outside the safety cabinet, e.g., to remove a major spillage of cytostat-
ics, protective glasses with side shields must be worn.

Inhalation Protection
When handling cytostatics outside the safety workbench, e.g., to remove a major spillage of cyto-
statics, a particle filtration half-mask must be worn.

Textile Aids

For easy removal of contamination, cytostatics should be prepared on a liquid-proof absorbent

mat. In addition:

« Use compresses when opening ampoules.

o When retracting cannulas from piercable rubber stoppers or removing residual air from sy-
ringes, use compresses or gauze swabs in order to avoid contamination from spraying or aero-
sol formation.

Technical Aids

o As far as possible, choose cytostatics in “cytosafe packaging”

o Strict use of disposable syringes and needles with Luer-Lok connections.

o Use pressure release devices with filters (spikes) for venting injection bottles.

o Cytostatics should be dissolved in a closed system. Cytostatics and solvents or vehicles are
transferred between containers using transfer caps or needles, providing internal pressure
equalization. That way, containers can be disconnected without pressure differences, prevent-
ing splashing or release of cytostatic aerosols.

Transport
Drug solutions must be transported in shatter-proof, water-proof, and sealable containers.

Storage and Stability of Cytostatics

The following factors impact cytostatic drug storage and stability:

« Expiry date of primary product (dry substance or solution)

« Physicochemical stability of cytostatic stock solution

o Physicochemical stability of the ready-prepared cytostatic compound
« Hygienic aspects, i.e., microbiological fitness

« Cool storage or storage at room temperature

« Light protection

o Shelf-life of prepared solution

Storage limits and conditions for compounds prepared in the pharmacy are to be specified by the
responsible pharmacy and stated on the drug label. Cytostatic drug solutions must be stored ac-
cording to these specifications. After expiry, compounds must be discarded.

Details on physicochemical stability of common cytostatic solutions are given in the table below.

Preparation and Administration of Cytostatic Infusions and Injections

o When connecting, changing, venting, or removing an infusion system, contamination of staff
members must be avoided (e.g., by wearing protective gloves), as well as contamination of the
room and aerosol formation.

« For this purpose, technical aids (pressure release systems with aerosol filters) should be used.

« Vent the infusion system only with carrier solution.

Dispensing of Cytostatics for Oral Application
When dispensing drugs into containers designated for patients (e.g., dispenser), certain precau-
tions have to be observed, e.g.:
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o Wearing of protective gloves

o Use of tweezers or spoons

« Splitting of tablets, pulverization, etc. should be carried out using suitable aids (closed sys-
tems) and with particular care (preparation usually in the pharmacy).

o When cleaning and handling containers and items used for dispensing drugs, contamination
of staff members must be avoided. Full details should be given in a user manual.

Administration of Liquid and Semisolid Cytostatic Formulations

Use suitable protective gloves or applicators.

Spillage

Spilled cytostatics must be removed immediately and carefully and in compliance with the pre-

ventive measures specified for the preparation of cytostatics:

o When lifting contaminated broken glass use an extra pair of gloves to prevent physical risks.
Preferably, lift shards with tongs.

o Use dry disposable cloths to soak up spilled solutions.

o Use wet disposable cloths for spilled powder.

o Afterwards, clean with soapy water.

» Dispose of all contaminated materials using a leak-proof single-use container.

o Sets of the necessary equipment (protective gown, safety goggles, gloves and masks, cellulose,
waste container, scoop) - including instructions - should be held ready.

Skin Contamination

Areas of skin contaminated with cytostatics must be irrigated immediately with copious quantities

of cold water.

Eye Contamination

In case of eye contamination, irrigate with copious quantities of water or isotonic saline solution

for 10 min. Then, consult an ophthalmologist.

Disposal of Cytostatics

Cytostatics are collected and disposed of according to local regulations.

o Collection and disposal of cytostatic residue requires particular supervision and is to be car-
ried out in accordance with waste regulations and the Hazardous Substances Ordinance using
labeled, robust, and leak-proof containers.

o Collection should be separate and in a central location. Disposal should be carried out in haz-
ardous waste incinerators.

o Materials contaminated with cytostatics (textile aids, disposable gowns, applicators, etc.) can
be treated as household waste.

o Contaminated reusable clothes or reusable textile materials must be changed, collected with-
out further manipulation, and laundered.

o Cytostatics-containing excrements are not regarded hazardous but should be disposed of on
the ward in compliance with hygiene guidelines and health and safety regulations.

Ref: 1. ASCO. Criteria for facilities and personnel for the administration of parenteral systemic antineoplastic
therapy. J Clin Oncol 2004;22:4613-5

2. Connor TH, McDiarmid MA. Preventing occupational exposures to antineoplastic drugs in health care

settings. CA Cancer J Clin 2006;56:354-65

3. Trissel LA. Handbook on Injectable Drugs, 14t edn. American Society of Health-System Pharmacists,

Betherda, 2007
Web: http://www.druginfonet.com/ Drug Information
2. http://www.meds.com/DChome.html  Information on Cytostatics
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33

Def:

Pharm:

MOA:

Hormone Therapy

H. HenB, R. Engelhardt

Use of hormones and hormonally active compounds (stimulating or inhibiting) in tumor therapy.

Areas of application:
« Antineoplastic therapy
« Supportive or substitution therapy

Hormone therapy

Type

Mode of action

GnRH Analogs

Buserelin, goserelin, leuprolide

Antiestrogens, SERM

Tamoxifen, raloxifene

Aromatase Inhibitors

Unspecific: aminoglutethimide
Specific: fadrozole, exemestane, voro-
zole, anastrozole, letrozole

Gestagens

Megestrol acetate, medroxyprogester-
one acetate

Antiandrogens

Unspecific: cyproterone acetate
Specific: flutamide, nilutamide, bicalu-
tamide

Inhibition of gonadotropin secretion by continu-
ous stimulation of the pituitary gland — release of
gonadotropins (LH, FSH) | — estrogen |, testoster-
one |

Estrogen receptor competitive binding — inhibi-
tion of estradiol-specific effects, estradiol |, TGFP 1,
TGFa |, EGF receptor expression |, IL-2 secretion 1

Inhibition of aromatization of androstenedione to
estrone — cellular estrogen biosynthesis |

Estrogen level |, estrogen receptor synthesis |,
pituitary secretion of LH / FSH / ACTH | — cortisol
/ androstenedione / testosterone / estrone / estradiol
and estrone sulfate levels |, dihydrotestosterone
synthesis |

Blockade of androgen receptors — inhibition of
androgenic proliferative stimulation of prostatic
epithelia

ACTH adrenocorticotropic hormone, EGF epidermal growth factor, FSH follicle-stimulating hormone, GnRH
gonadotropin-releasing hormone, IL interleukin, LH luteinizing hormone, SERM selective estrogen receptor

modulators, TGF tumor growth factor

Antineoplastic Therapy

Hormone Therapy

Specific hormonal effects following interaction with cell-surface receptors, e.g., estrogen / proges-

terone / steroid receptors.

Antihormonal Therapy
Inhibition of specific hormonal effects via:

o Administration of hormonally active compounds — suppression of endocrine regulatory sys-

tems

« Application of specific inhibitors (e.g., competitive inhibition of hormone receptors)
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Ind:

Th:

Ind:

Pphys:

Ind:

Ci:

Se:

Th:
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Areas of Application

Hormone-sensitive neoplasias (verified receptor expression):

o Breast cancer (antiestrogens, gestagens, LHRH analogs)

o Prostate cancer (estrogens, antiandrogens, LHRH analogs)

o Carcinoma of the uterine corpus (antiestrogens)

» Thyroid carcinoma (thyroxine for TSH suppression, also: simultaneous substitution therapy)
o Lymphomas, multiple myeloma (corticosteroids)

« Carcinoid tumors (octreotide)

For therapy details, see respective chapters.

Substitution Therapy

Use of hormones to replace hormone production which has completely or partially ceased as a
result of antineoplastic therapy.

« Estrogen / gestagen preparations in cases of premature menopause following chemotherapy
o Testosterone after bilateral orchiectomy

« Thyroxine after thyroidectomy

o Cortisone after bilateral adrenalectomy (e.g., due to bilateral adrenal tumors)

Estrogen Substitution in Premature Menopause

In women, chemotherapy and high-dose chemotherapy in particular, can lead to gonadal damage
with subsequent estrogen deficiency and premature menopause. Risks include:

o Menopausal symptoms

o Osteoporosis

o Cardiovascular complications

Estrogen substitution may be indicated in women with early menopausal symptoms and evidence
of reduced hormone levels (estrogen).

ATTENTION: Continuous estrogen and combined (estrogen + gestagen) therapy constitutes an
increased risk of breast cancer and cardiovascular events in healthy menopausal women (WHI
study). Treatment should only be initiated after careful evaluation of risks and benefits as well as
detailed patient information.

Side effects of long-term estrogen substitution:

o Thrombosis, thromboembolism, cardiovascular events

o Increased breast tissue density — reduced sensitivity for mammography
o Increased risk for relapse of breast cancer and endomentrial carcinoma

Alternatives to estrogen substitution:

» Osteoporosis: bisphosphonates, tamoxifen, selective estrogen receptor modulators (e.g., ral-
oxifene)

o Cardiovascular prevention: increased physical activity, dietary measures, tobacco abstinence,
lipid-lowering compounds (statins) where indicated

o Menopausal symptoms: oral or transdermal clonidine, gabapentin against hot flushes, topical
estrogen application (creams) against vaginal dryness (attention: systemic resorption if used
long-term)

o Insevere cases: gabapentin
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Pphys:

Ind:

Pphys:

Ind:

Ref:

Web:

Testosterone Replacement After Bilateral Orchiectomy

Testicular carcinoma initially requires unilateral orchiectomy. Loss of the contralateral testicle due
to unrelated causes or a second metachronous testicular carcinoma results in anorchia with sub-
sequent testosterone deficiency.

Testosterone therapy has no influence on prognosis and progression of testicular carcinoma —
long-term testosterone replacement after bilateral orchiectomy definitely indicated.

Prostate cancer

Thyroxine Replacement After Thyroidectomy in Thyroid Carcinoma

Thyroid carcinoma commonly requires total thyroidectomy with life-long thyroid hormone re-
placement (L-thyroxine).

Administration of high dose of L-thyroxine (175-250 pg/d). Aims:

o Substitution of thyroid hormones

« Suppression of TSH (thyroid-stimulating hormone): TSH can stimulate growth of thyroid car-
cinomas — L-thyroxine inhibits TSH secretion of pituitary gland

1. Boekhout AH, Beijnen JH, Schellens JHM. Symptoms and treatment in cancer therapy-induced early
menopause. Oncologist 2006;11:641-54

2. Miller WR. Aromatase inhibitors: mechanism of action and role in the treatment of breast cancer. Semin
Oncol 2003;30(suppl 14):3-11

3. Smith RE. A review of Selective Estrogen Receptor Modulators and National Surgical Adjuvant Breast and
Bowel Projects clinical trials. Semin Oncol 2003;30(suppl 16):4-13

4. Writing Group for the Women’s Health Initiative (WHI) Investigators. Risks and benefits of estrogen plus
progestin in healthy postmenopausal women. JAMA 2002;288:321-33

5. Zlotta AR, Schulman CC. Neoadjuvant and adjuvant hormone therapy for prostate cancer. World ] Urol
2000;18:179-82

1. http://www.prostateinfo.com/ Hormone Therapy in Prostate Cancer
2. http://www.acor.org/TCRC/tclinks6.html Hormone Therapy in Testicular Tumors
3. http://www.aace.com/ American Association of Clinical Endocrinologists
4. http://www.duj.com/Article/Hellstrom2/
Hellstrom2.html Testosterone Replacement Therapy

155



Part 3 Pharmacology and Pharmacotherapy
3.3.1 Characterization of Hormone Treatments in Oncology
H.HenB8
Anastrozole
a,a,a,a-Tetramethyl-5-[(1,2,4-triazol- 1-yl)methyl]benzol-1,3-diacetonitrile, non-steroidal aroma-
tase inhibitor
|=N
NP
SN
(CH3),NCC CCN(CH,),
MOA: o Competitive aromatase inhibition — conversion of androgens into estrogens | — estradiol
serum level |
« No gestagenic, androgenic, or estrogenic effect
Pkin: Kinetics: good oral resorption (85%), independent of food intake, half-life: t%2 50 h
o Metabolism: hepatic degradation, dealkylation, glucuronization, predominantly renal elimina-
tion of initial compound (10%) and metabolites (90%)
Se: o Heart / circulation: vasodilatation (25%), peripheral edema, infrequent hypertension, throm-
boembolic events (rare)
o Lung: dyspnea (rare)
« Gastrointestinal: moderate nausea, vomiting, diarrhea, loss of appetite
« Liver: increase of transaminases, hypercholesterolemia
o Skin: erythema, pruritus, mild alopecia
o Nervous system: headaches (10%), paresthesia, sleep disturbances
o Other: fatigue (15%), reduced performance, flush (20%), back pain, bone pain. In rare cases
flu-like symptoms
Ci: * Premenopause
o Pregnancy and breast feeding
o Liver dysfunction, renal failure
Th: Approved indications: advanced breast cancer in postmenopausal women. Adjuvant treatment of
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estrogen receptor positive breast cancer.

Dosage and Administration
Standard dose: 1 mg (1 tablet) oral daily
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MOA:

Pkin:

Se:

Ci:

Th:

Bicalutamide

(RS)-N-[4-Cyan-3-(trifluormethyl)phenyl]-3-(4-fluorphenylsulfonyl)-2-hydroxy-2-methylpro-
panamide, non-steroidal antiandrogen

oOH

CH

3

CFy
CN

Competitive binding to androgen receptor — Inhibition of testosterone effect on prostate can-
cer cells
Binding to central androgen receptors (pituitary gland)

Kinetics: slow oral resorption (independent of food intake), peak plasma level about 30 h fol-
lowing oral application, half-life: t/2 50 h

Metabolism: hepatic degradation, biliary and renal excretion of initial compound and metabo-
lites

Bone marrow: anemia (rare)

Heart / circulation: infrequent hypertension, edema

Lung: dyspnea (rare)

Gastrointestinal: nausea (10%), vomiting, diarrhea, constipation

Liver: increase of transaminases, cholestasis

Skin: occasional erythema, exanthema, perspiration, alopecia (rare)

Nervous system: diminished libido, occasional vertigo, tiredness, somnolence

Other: hot flushes (45%), gynecomastia (35%) impotence, pain syndromes (25-30%, thoracic
region, back, pelvis), fatigue, reduced performance

Not to be taken by women or children

Approved indications: advanced prostate cancer, in combination with LHRH analogues (“total an-
drogen blockade”)

Dosage and Administration

Standard dose 50 mg oral 1x/d
Dose modification caution with severe liver dysfunction
ATTN: increase of effect of coumarin derivatives
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Chem:

MOA:

Pkin:

Se:

Ci:

Th:
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Buserelin

5-Oxo-I-prolyl- [-histidyl- [-tryptophyl- [-seryl- [-tyrosyl- I-O-tert-butyl-d-seryl- [-leucyl- [-argi-
nyl- N-ethyl- [-prolinamide, GnRH-analog

L-Glp —L-His —L-Trp —L-Ser —L-Tyr - D-Sler—L-Leu —L-Arg—L-Pro—NH-C,H,
C(CH3)4

GnRH / LHRH analog with continuous stimulation of pituitary receptors — desensitization of
pituitary gland — LH / FSH secretion | — estrogen / testosterone synthesis | (“drug-induced
castration”

« Kinetics: subcutaneous injection, slow-release drug with effective serum levels for 10-
14 weeks

o Metabolism: hepatic degradation

 Elimination: degradation by peptidases, biliary and renal excretion

o Gastrointestinal: constipation, nausea, vomiting, loss of appetite

o Liver: transient increase of transaminases, hypercholesterolemia

+ Kidney: hypercalcemia (rare)

o Skin: erythema, exanthema, perspiration, acne, seborrhea

o Nervous system: diminished libido, occasional vertigo, tiredness, somnolence

o Other: hot flushes (45%), gynecomastia (35%) impotence, pain syndromes (25-30%, thoracic
region, back, pelvis), fatigue, reduced performance

Hypersensitivity to buserelin

Approved indications: advanced hormone responsive prostate cancer (not after bilateral orchiec-
tomy)
Other areas of use: metastatic breast cancer

Dosage and Administration

o Subcutaneous injection every 3 months, one applicator with 9.45 mg (corresponding to 3 im-
plant rods)

o ATTN: short initial stimulation of estrogen or testosterone excretion, prior to hormone
blockage — simultaneous antiestrogen / antiandrogen treatment for initial 3-4 weeks recom-
mended



3.3 Hormonal Treatments

Chem:

MOA:

Pkin:

Se:

Th:

Exemestane

6-Methylenandrosta-1,4-diene-3,17-dione, steroidal aromatase inhibitor

(0]

Irreversible aromatase inhibition — conversion of androgens into estrogens | — estradiol se-
rum level |
No effect on corticosteroid or aldosterone synthesis

Kinetics: good oral resorption (> 80%), esp. with simultaneous food intake, half-life: t¥2 24 h
Metabolism: hepatic degradation (cytochrome P450 3A4), biliary and renal elimination of me-
tabolites

Bone marrow: lymphopenia (rare)

Heart / circulation: hypertension (infrequent)

Lung: dyspnea, cough

Gastrointestinal: nausea (18%), occasional vomiting, diarrhea, loss of appetite, abdominal
pain

Liver: transient increase of transaminases

Skin: erythema, perspiration, alopecia (infrequent)

Nervous system: headaches, vertigo, sleep disturbances, depression

Other: fatigue (20%), reduced performance, flushes (10%), back pain, bone pain. In rare cases
flu-like symptoms

Premenopause
Pregnancy and breast feeding

Approved indications: breast cancer in postmenopausal women.
Other areas of use: prevention of prostate cancer

Dosage and Administration

Oral administration, 25 mg (1 tablet) daily, following meal

Dose reduction in severe liver or renal failure

ATTN: induction of cytochrome P450 system (e.g., by phenytoin, rifampicin, barbiturates) re-
duces effect. Inhibition of cytochrome P450 system (e.g., itraconazole, cimetidine, macrolides)
increases effect and toxicity
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Flutamide
Chem: 4’-Nitro-3’-(trifluormethyl)isobutyranilide, non-steroidal antiandrogen
@) CF,
H,;C
NH NO,
CH,
MOA: « Competitive binding to androgen receptor — inhibition of testosterone effect on prostate can-
cer cells

« Binding to central androgen receptors (pituitary gland)

Pkin:  Kinetics: good oral resorption (independent of food intake), peak plasma level 0.5-2 h follow-
ing oral application, active metabolite 2-OH-flutamide, half-life: t¥2 8-10 h
o Metabolism: hepatic degradation, hydroxylation, biliary and renal elimination of initial com-
pound (50%) and metabolites

Se: e Bone marrow: anemia (rare)

o Heart / circulation: hypertension, edema

« Gastrointestinal: nausea (10%), vomiting, diarrhea

+ Liver: transient increase of transaminases, liver function disorders, cholestasis, hepatitis

o Skin: erythema

o Nervous system: vertigo, headaches

« Other: hot flushes (60%), diminished libido (35%), gynecomastia (prophylactic radiation of
nipples with 10 Gy feasible), galactorrhea, impotence (10-35%) fatigue, reduced performance,
cramps

Ci: + Not to be taken by women or children
o Liver function disorders

Th: Approved indications: advanced prostate cancer, in combination with LHRH analogues (“total an-

drogen blockade”)

Dosage and Administration
o Standard dose: 750 mg oral (3 x 1 tablet/day)
o ATTN: increased effect of coumarin derivatives
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3.3 Hormonal Treatments

Chem:

MOA:

Pkin:

Se:

Th:

Fulvestrant

7-Alpha-[9-(4,4,5,5,5-pentafluoropentylsulfinyl) nonyl]estra-1,3,5-(10)-triene-3,17-beta-diol, es-
tradiol analog, steroidal antiestrogen

OH

HO (CH,)gSO(CH ) CF, CF,

» Competitive binding to estrogen receptors without estrogen like activity — complete blocking
of all estrogen effects, with simultaneous downregulation of estrogen receptors
« No cross-resistance to classic antiestrogens

o Kinetics: slow distribution following intramuscular injection, peak plasma level after 7-9 days,
half-life: t¥2 40 h

o Metabolism: hepatic degradation (in part by cytochrome P450 3A4 system), predominantly
biliary elimination

e Bone marrow: anemia (10%)

e Heart / circulation: venous thrombosis (rare)

o Lung: dyspnea, pharyngitis, cough

o Gastrointestinal: nausea, vomiting, diarrhea, loss of appetite, up to 50% of patients

o Liver: transient increase of transaminases

o Skin: erythema, exanthema, angioneurotic edema, urticaria

o Nervous system: headaches (15%), vertigo, sleep disturbances, depression

o Local toxicity: injection site (reactions)

o Other: fatigue (65%), reduced performance, hot flushes (25%), back pain, arthralgia. In rare
cases flu-like symptoms

o Pregnancy and breast feeding
« Severe liver dysfunction

Approved indications: estrogen receptor positive breast cancer in postmenopausal women

Dosage and Administration
Intramuscular injection of 250 mg (5 ml) monthly
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Goserelin

Chem: 1-(5-Oxo-1-prolyl- I-histidyl- I-tryptophyl- I-seryl- 1-tyrosyl- 1-O-tert-butyl-d-seryl- l-leucyl- l-ar-
ginyl- 1 prolyl)semicarbazide, GnRH analog

o}
NH
L-His —L-Trp —L-Ser —L-Tyr—D-Ser—L-Leu-L-Arg—L-Pro—NH-CO-NH,,
O
C(CH3),

MOA: GnRH / LHRH analog with continuous stimulation of pituitary receptors — desensitization of
pituitary gland — LH / FSH secretion | — estrogen / testosterone synthesis | (“drug-induced
castration”)

Pkin: « Kinetics: subcutaneous injection, slow-release drug with slow resorption for 27 days, half-life

t¥24-5h
o Metabolism: renal elimination of initial compound

Se: o Heart / circulation: hypertension
« Gastrointestinal: constipation, nausea, vomiting, loss of appetite
o Liver: transient increase of transaminases, hypercholesterolemia
« Kidney: hypercalcemia
o Skin: erythema, exanthema, perspiration, acne, seborrhea, allergic reactions (rare)

o Nervous system: headaches (75%), vertigo, sleep disturbances, somnolence, depression

» Bones: osteoporosis, bone pain (rare)

o Other: fatigue, reduced performance. In men: hot flushes (60%), gynecomastia, impotence,
loss of libido. In women: amenorrhea, uterine bleeding

Ci: « Pregnancy and lactation
o Not for use in children

Th: Approved indications: advanced prostate cancer, endometriosis, metastatic breast cancer
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Dosage and Administration

Subcutaneous injection monthly 3.6 mg, or every 3 months 10.8 mg

ATTN: short initial stimulation of estrogen or testosterone excretion, prior to hormone blockage
— simultaneous antiestrogen / antiandrogen treatment for initial 3-4 weeks recommended



3.3 Hormonal Treatments

Chem:

MOA:

Pkin:

Se:

Th:

Letrozole

4,4’-(1H-1,2,4-Triazol-1-ylmethylene)dibenzonitrile, non-steroidal aromatase inhibitor

»)

N\N
NC : CN

Competitive aromatase inhibition — conversion of androgens into estrogens | — estradiol
serum level |

No gestagenic, androgenic, or estrogenic effect. No influence on corticosteroid or aldosterone
synthesis

Kinetics: good oral resorption (85%), independent of food intake, half-life: t¥s 2 days
Metabolism: hepatic degradation, glucuronization, predominantly renal excretion of initial com-
pound (5%) and metabolites (> 80%)

Heart / circulation: vasodilatation (25%), tachycardia, thromboembolic events (rare)

Lung: dyspnea, cough

Gastrointestinal: nausea (15%), vomiting, diarrhea, loss of appetite

Liver: transient increase of transaminases, hypercholesterolemia

Skin: erythema, exanthema, pruritus, perspiration

Nervous system: headaches (10%), depression, anxiety disorders

Other: fatigue (10%), reduced performance, flush, pain syndromes (thoracic region, back,
joints, myalgia)

Premenopausal women
Pregnancy and breast feeding
Liver dysfunction, renal failure

Approved indications: advanced breast cancer in postmenopausal women. Adjuvant treatment of
estrogen receptor positive breast cancer

Dosage and Administration

Oral administration, 2.5 mg (1 tablet) daily
Dose reduction in severe liver or renal function impairment
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Leuprorelin
Chem: 5-Oxo-l-prolyl- I-histidyl- I-tryptophyl- I-seryl- 1-tyrosyl- d- leucyl - I-leucyl- l-arginyl- N-ethyl-
l-prolinamide, GnRH analog
o}
NH
L-His —L-Trp —L-Ser -L-Tyr—D-Leu-L-Leu— L-Arg—L-Pro—NH-CH,-CH,
O
MOA: GnRH / LHRH analog with continuous stimulation of pituitary receptors — desensitization of
pituitary gland — LH / FSH secretion | — estrogen / testosterone synthesis | (“drug-induced
castration”)
Pkin: « Kinetics: subcutaneous injection, slow-release drug, half-life t¥2 2-4 h
«  Metabolism: hepatic degradation, biliary and renal elimination
Se: o Bone marrow: anemia, leucopenia (rare)
o Heart / circulation: ECG changes (20%), hypertension, peripheral edema, thromboembolic
events
« Gastrointestinal: constipation, nausea, vomiting, loss of appetite
o Liver: transient increase of transaminases, hypercholesterolemia
« Kidney: hypercalcemia (rare)
o Skin: erythema, exanthema, perspiration, acne, seborrhea, rarely allergic reactions (rare)
o Nervous system: headaches, vertigo, sleep disturbances, somnolence, depression
» Bone: osteoporosis, bone pain (rare)
o Other: fatigue, reduced performance. In men: hot flushes (50%), gynecomastia (35%) impo-
tence, loss of libido. In women: amenorrhea, uterine bleeding
Ci: « Pregnancy and lactation
o Not for use in children (except girls with precocious puberty vera)
Th: Approved indications: breast cancer, endometriosis, uterus myomatosis
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Other areas of use: prostate cancer

Dosage and Administration

o 3.75mg monthly, or 11.25 mg every 3 months i.m. (dual-chamber injection)

o ATTN: short initial stimulation of estrogen or testosterone excretion, prior to hormone
blockage — simultaneous antiestrogen / antiandrogen treatment for initial 3-4 weeks recom-
mended



3.3 Hormonal Treatments

Chem:

MOA:

Pkin:

Se:

Th:

Medroxyprogesterone acetate, MPA

17-Hydroxy-6a-methyl-4-pregnene-3,20-dione, gestagen

o
OCOCH,

CH;

Gestagen and androgenic activity
Reduction of pituitary FSH / LH secretion
Stimulation of estrogen and androgen degradation

Kinetics: oral or intramuscular administration, oral bioavailability 10%, following intramuscu-
lar administration stable plasma levels for 7 days, terminal t¥2 14-60 h

Metabolism: hepatic degradation, biliary and renal elimination of initial compound and me-
tabolites

Heart / circulation: edema, arterial hypertension, thromboembolic events

Gastrointestinal: nausea, vomiting, diarrhea, constipation

Liver: transient increase of transaminases, cholestasis

Skin: alopecia, dermatitis, acne, hirsutism (rare)

Nervous system: headaches, sleep disturbances, tremor, depression, mania

Other: fatigue, reduced performance, cramps, development of diabetes mellitus, allergic reac-
tions anaphylaxis. In men: gynecomastia, breast pain, galactorrhea, hot flushes. In women:
menstrual disorders, amenorrhea

Pregnancy and lactation

Previous thromboembolic events or stroke
Severe liver or renal impairment, hypercalcemia
Severe hypertension, diabetes mellitus

Approved indications: metastatic breast cancer, advanced endometrial cancer
Other areas of use: advanced renal cancer

Dosage and Administration

Breast cancer: 300-1,500 mg/day p.o, or 500-1,000 mg/week i.m. for 28 days, followed by
maintenance dose (according to plasma level, goal > 100 ng/ml)
Endometrial cancer: 300-600 mg/day p.o. or 500-1,000 mg/week i.m.
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Megestrol acetate

Chem: 6-Methyl-3,20-dioxo-4,6-pregnadiene-17a-yl-acetate, gestragen
(@)
OCOCH,
(@)
MOA: o Gestagen and androgenic activity

« Reduction of pituitary FSH / LH secretion
« Stimulation of estrogen and androgen degradation

Pkin: o Kinetics: oral administration, good oral bioavailability, terminal t% 15-20 h
o Metabolism: hepatic degradation, renal elimination of initial compound and metabolites

Se: o Heart/ circulation: edema, arterial hypertension, thromboembolic events

+ Gastrointestinal: nausea, vomiting, diarrhea, constipation

o Liver: transient increase of transaminases

o Skin: alopecia, erythema

o Nervous system: headaches, carpal tunnel syndrome

o Other: fatigue, reduced performance. Development of diabetes mellitus, hypercalcemia. In
men: gynecomastia, breast pain, galactorrhea, hot flushes. In women: menstrual disorders,
amenorrhea

Ci: o Pregnancy and lactation
o Previous thromboembolic events or stroke
o Severe liver or renal impairment, hypercalcemia
o Severe hypertension, diabetes mellitus

Th: Approved indications: metastatic breast cancer, advanced endometrial cancer
Other areas of use: cancer-induced cachexia

Dosage and Administration

o Oral administration, 160 (-320) mg/day p.o. in breast and endometrial cancer
o In cancer-induced cachexia, doses up to 400-800 mg/day have been applied
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3.3 Hormonal Treatments

Chem:

MOA:

Pkin:

Se:

Th:

Raloxifene

6-Hydroxy-2-(4-hydroxyphenyl)benzol[b]thiene-3-yl-4-(2-piperidinoethoxy)phenylketone, non-
steroidal antiestrogen

o Competitive binding to cytoplasmic estrogen receptors, selective agonistic and antagonistic
effects (selective estrogen receptor modulation, SERM): estradiol | TGFp 1, TGFa |, EGF re-
ceptor expression |, IL-2 secretion 7

« Agonist of bone and cholesterol metabolism

o No effect on pituitary gland, breast, or uterus tissue

Metabolism: hepatic degradation, renal elimination

o Heart / circulation: vasodilatation, hypertension, venous thromboembolism (deep venous
thrombosis, pulmonary embolism)

o Gastrointestinal: nausea, vomiting, dyspepsia

o Skin: erythema, exanthema

o Nervous system: headaches

o Musculoskeletal: calf cramps

o Other: hot flushes, breast pain, vaginitis

o Use in premenopausal women

« Previous thromboembolic events

o Liver function impairment, cholestasis, renal impairment
« Endometrial cancer, uterine bleeding of unknown origin

Approved indications: osteoporosis in postmenopausal women
Other areas of use: hormone-dependent breast cancer in postmenopausal women

Dosage and Administration
60 mg/day p.o.

167



Part 3 Pharmacology and Pharmacotherapy
Tamoxifen
(Z)-2-[4-(1,2-Diphenyl-1-butenyl)phenoxyl]-N,N-dimethylethylamine, non-steroidal antiestro-
gen
) CH,
\/\ N 7
I

H3C CH,

MOA: o Competitive inhibition of estrogen binding to cytoplasmic estrogen receptors, selective ago-
nistic and antagonistic effects (selective estrogen receptor modulation, SERM), in estrogen-
dependent tissues inhibition of proliferation. Estradiol | TGFp 1, TGFa |, EGF receptor ex-
pression |, IL-2 secretion

« Agonist of bone and cholesterol metabolism

Pkin: « Kinetics: high bioavailability following oral administration, enterohepatic circulation, terminal

t¥s 7 days

o Metabolism: hepatic degradation, biliary elimination

Se: « Bone marrow: mild thrombocytopenia, leucopenia (5%)

o Heart / circulation: edema, thromboembolic events (rare)

« Gastrointestinal: loss of appetite, nausea (5-20%), vomiting

o Liver: transient increase of transaminases, cholestasis, hypertriglyceridemia

o Skin: rash, mild alopecia, erythema multiforme

o Nervous system: visual disturbances (cataract, corneal changes, retinopathy), headaches

o Musculoskeletal: calf cramps

«  Other: in patients with bone metastases hypercalcemia possible, hot flushes (25-30%), in pre-
menopausal women menstrual cycle disturbances, endometrial proliferation (polyps, malig-
nancies)

Ci: « Known hypersensitivity, children

o Severe thrombocytopenia or leucopenia

o Hypercalcemia

» History of thromboembolic events

« Endometrial cancer, uterine bleeding of unknown origin
Th: Approved indications: osteoporosis in postmenopausal women
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Other areas of use: breast cancer (adjuvant, advanced) hormone dependent

Dosage and Administration
20-40 mg/day p.o.



3.3 Hormonal Treatments

Chem:

MOA:

Pkin:

Se:

Ci:

Th:

Toremifene

2-{4-[(Z)-4 Chlor-1,2-diphenyl-1-butenyl]phenoxyl}-N,N-dimethyl-ethylamine, non-steroidal
antiestrogen

CHj

|

N
O/\/ NCH

3

o Competitive inhibition of estrogen binding to cytoplasmic estrogen receptors, selective ago-
nistic and antagonistic effects (selective estrogen receptor modulation, SERM), in estrogen-
dependent tissues inhibition of proliferation. Estradiol | TGFp 1, TGFa |, EGF receptor ex-
pression |, IL-2 secretion 1

« Agonist of bone and cholesterol metabolism

o Cytostatic effect

« Kinetics: high bioavailability following oral administration, enterohepatic circulation, albumin
binding (92%), terminal t% 5-6 days
o Metabolism: hepatic degradation, biliary elimination

o Bone marrow: mild thrombocytopenia, leucopenia

o Heart / circulation: edema, thromboembolic events (rare)

o Gastrointestinal: nausea, vomiting, loss of appetite

o Liver: transient increase of transaminases, cholestasis

o Skin: pruritus, erythema

o Nervous system: vertigo, sleep disturbances, tiredness, headaches

o Other: Hot flushes (10-30%), perspiration, vaginal bleeding / fluor, bone pain, hypercalcemia,
endometrial proliferation (rare)

o Endometrial cancer, uterine bleeding of unknown origin
« History of thromboembolic events
« Severe liver impairment

Approved indications: metastatic breast cancer, hormone dependent

Dosage and Administration
60 mg/d p.o.
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Pharmacology and Pharmacotherapy

3.4

Def:

Class:

170

Cytokines

A.K. Kaskel, H. Veelken

Intercellular mediators synthesized by immune cells and mesenchymal cells (fibroblasts, endothe-
lial cells, stroma cells) which modulate immune responses, cellular proliferation, and differentia-

tion. Characteristics:

» Soluble proteins or glycoproteins, 15-40 kDa molecular weight
« Pleiotropic, overlapping, and/or synergistic effects

Cytokines

Factor

Characterization

Interleukins (IL):
IL-1
1L-2
IL-3
1L-4
IL-5
IL-6
IL-7
IL-8
IL-9
IL-10
IL-11
IL-12
1L-13
1L-14
IL-15
IL-16
1L-17
1L-18
1L-19
1L-20
1L-21
1L-22
1L-23
1L-24
1L-25
IL-26
1L-27
1L-28
1L-29

Inflammation mediator

T-cell expansion and activation, IL-2 receptor expression
Proliferation of pluripotent stem cells

B-/T-cell proliferation / differentiation, TH2 cells 1, dendritic cells 1
Activation and differentiation of eosinophils

Acute-phase reaction, thrombopoiesis stimulation
Lymphopoiesis induction, T-cell proliferation / differentiation
Activation / chemotaxis of neutrophils

B-cell activation, antibody production

Suppression of macrophage function, TH2 induction
Inflammation mediator, thrombopoiesis stimulation

T-cell activation / differentiation, TH1 induction

B-cell activation / differentiation, dendritic cells 1

B-cell proliferation / differentiation

T-/NK cell activation/differentiation

CD4 ligand, inflammation mediator

Cytokine secretion by mesenchymal cells 1

“IFNy-inducing factor,” inflammation mediator

Secretion of IL-6 and TNFa in monocytes 1, proapoptotic
Proliferation of keratinocytes 1, mediator of inflammation
B-cell apoptosis, production of IFNy 1 in T- and NK cells
“T-cell-derived inducible factor,” inflammation mediator
Associated with TH1 response, IL-12 secretion 1
Growth-inhibiting, proapoptotic in tumor cell lines
Associated with TH2 response, IL-4, IL-5, IL-13 1, eosinophils
T- and NK cells

Proliferation of naive CD4 cells, TH1 differentiation

Antiviral activity

Antiviral activity

Hematopoietic growth factors » Chap. 4.3



3.4 Cytokines

Class: Cytokines (continued)

Factor Characterization

Interferons (IFN) and other:

IFNa Antiproliferative, antiviral

IFNB Antiproliferative, antiviral

IFNy Antiproliferative, antiviral, monocyte stimulation

TNFa Tumor necrosis factor a (cachectin), inflammation mediator

TNEp Tumor necrosis factor B (= lymphotoxin o, LTa), inflammation mediator

Hematopoietic growth factors » Chap. 4.3
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Interferon a (IFNa)
Chem: Type 1 interferon, “leukocyte interferon”; glycoprotein, > 20 variants, 156-172 amino acids, 19-
26 kDa. Peginterferon is a polyethylene-glycol conjugated form with an increased half-life.
Phys: o Gene locus: chromosome 9p22, variable expression of IFNa variants
o Expression: leukocytes, monocytes / macrophages, B-lymphocytes, fibroblasts
MOA: All TFNa types display antiviral, antiparasitic, and antiproliferative activity:
o T-cells: T-suppressor activity, activation of cytotoxic T-cells, TH1 induction
«  Modulation of B- and NK cell function, monocyte activation / macrophages
o Antigen expression 1, oncogene expression |, inhibition of angiogenesis
Pkin: «  Kinetics: half-life: terminal t% IFNa,,: 4-8 h, IFNa,,: 2-3 h, peg-IFN: 40-80 h
o Metabolism: proteolysis, renal elimination
Se: o Bone marrow: moderate anemia, granulocytopenia, thrombocytopenia
« Thyroid gland: hyper/hypothyroidism (partly irreversible), thyroiditis
o Cardiovascular: arrhythmia, myocardial infarction, cardiomyopathy, cardiac failure, hypoten-
sion, hypertension, hemorrhages, cerebrovascular disorders
o Lung: cough, dyspnea, pulmonary edema, pneumonia
o Gastrointestinal tract: moderate nausea, diarrhea, loss of appetite
+ Liver/ pancreas: reversible increase of transaminases, hyperglycemia
+ Kidney: fluid retention, edema, hypocalcemia
o Skin: erythema, pruritus, dry skin, scaling, alopecia
o Nervous system: central nervous disorders, depression (increased risk of suicide), dizziness,
insomnia, somnolence, peripheral neuropathy, paresthesia, optic neuritis
o Other: flu-like symptoms (fever, sweating, chills, fatigue), myalgia, arthralgia, headaches, ar-
thritis
Ci: o Human protein allergy, autoimmune diseases, immunosuppression
o Severe cardiopulmonary or vascular disease
o Severe hepatic or renal dysfunction
« Diseases of the central nervous system
o Untreated hyper/hypothyroidism (TSH / T3 / T4 evaluation before treatment)
o Severe bone marrow damage
o Lactation, pregnancy (effective contraception during treatment)
Th: Indications: chronic active hepatitis B/C, CML, NHL, multiple myeloma, melanoma, Kaposi’s sar-
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coma, renal cell carcinoma
Clinical trial use: solid tumors, myeloproliferative syndromes

Dosage: application s.c., i.v, orim, e.g.:

o IFNa2-9 x 10° IU/day, 3-7 x per week, slowly increasing dose
o High-dose IFNa up to 20 x 10° IU/m?*/day

o PEGylated IFNa 40-150 pg once a week with hepatitis C

ATTN: Patients on high-dose IFNa treatment need to be closely monitored. Chest x-ray if cough
or dyspnea develop. Laboratory tests including full blood count, liver and renal function, blood
glucose. Development of antibodies possible.



3.4 Cytokines

Chem:

Phys:

MOA:

Pkin:

Se:

Th:

Interferon B (IFN)
Type 1 interferon, “fibroblast interferon”; glycoprotein, 166 amino acids, 20 kDa

o Gene locus: chromosome 9p22, close to interferon a gene group
o Expression: fibroblasts

Antiviral, antiparasitic, antiproliferative, and immune-modulating properties like interferon o,
T-suppressor-cell activation

o Kinetics: terminal half-life IFNB,, 8-10 h, IFNf,, 1-4 h
o Metabolism: proteolysis, renal excretion

« Bone marrow: granulocytopenia, lymphopenia, thrombocytopenia (rare), anemia

« Cardiovascular: arrhythmia, tachycardia, hypotension, hypertension

«  Gastrointestinal: nausea, vomiting, loss of appetite, stomatitis

o Liver: transient increase of transaminases

o Kidney: urea 1, creatinine 1

o Skin: exanthema, pruritus, alopecia, dry skin, injection site reactions, re-activation of herpes
virus infections

o Nervous system: central nervous disorders, paresthesia, neuropsychiatric changes (depression,
somnolence, confusion, risk of suicide) possible

o Other: flu-like symptoms: fever, sweating, chills, fatigue, myalgia, arthralgia, headaches (may
be treated with paracetamol)

ATTN: Close monitoring of patients when using high dose. Possible antibody formation against
recombinant IFNp. Single cases of rapidly progressing glomerulonephritis after combined treat-
ment with IFNp and interleukin 2.

o Human protein allergy
o Pre-existing cardiac disease
« Severe hepatic dysfunction, renal insufficiency

Indications: multiple sclerosis, severe viral disease (e.g., encephalitis, generalized Herpes zoster)
Clinical trial use: nasopharyngeal carcinoma, other solid tumors, cutaneous T-cell lymphomas

Dosage: s.c. or i.v. application, e.g.:

o 0.5-5x 10° IU/days i.v., 3-6 x per week, maximum 25 x 10° IU/day
o With multiple sclerosis: 44 pg IFNp,, i.m. 3 X per week
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Interferon y (IFNy)
Chem: Type 2 interferon, “T-lymphocyte interferon”; protein dimer, subunits of 146 amino acids, 6 vari-
ants, 20-25 kDa
Phys: «  Gene locus: chromosome 12q24.1
o Expression: T-cells, NK cells
MOA: Antiviral, antiparasitic, and proliferation-modulating properties:
o T-cells: stimulation of proliferation, modulation of T-cell differentiation, activation of cyto-
toxic T-cells, and induction of IL-2 receptors
+  B-cells: induction of immunoglobulin synthesis
o Monocytes / macrophages, NK cells: activation
o Stimulation of MHC class I and class II antigen expression, modulation (increase) of tumor
antigen expression
o Modulation of hematopoiesis and lipid metabolism
Pkin: o Kinetics: half-life: s.c. application: 6 h, i.m.: 3 h, i.v.: 38 min
o Metabolism: proteolysis, renal excretion
Se: o Bone marrow: moderate leukopenia, anemia (rare)
o Cardiovascular: arrhythmias, tachycardia, hypotension, hypertension, thromboembolic events
(rare), myocardial infarction
« Gastrointestinal: nausea, vomiting, diarrhea, loss of appetite
o Liver: transient increase of transaminases
« Kidney: urea 1, creatinine 1
o Skin: exanthema, pruritus, injection site reactions
o Nervous system: central nervous system disorders, hallucinations, depression, confusion,
tremor, impaired vision, paresthesias
o Other: flu-like symptoms: fever, sweating, chills, fatigue, myalgia, arthralgia, headaches (may
be treated with paracetamol)
Ci: o Human protein allergy
o Severe cardiovascular disease
o CNS disorders, epilepsy
o Severe hepatic dysfunction, renal insufficiency
Th: Indications: progressive septic granulomatosis (chronic granulomatous disease, CGD)
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Clinical trial use: invasive aspergillosis, infection with mycobacteria, solid tumors (renal cell car-
cinoma, pleural mesothelioma)

Dosage: application s.c., i.m., or i.v., usually
«  Progressive septic granulomatosis (CGD): 50 pg/m?/day s.c. 3 x per week
o Renal cell carcinoma: 50-100 pg s.c. once a week



3.4 Cytokines

Chem:

Phys:

MOA:

Pkin:

Se:

Ci:

Th:

Interleukin 2 (IL-2), Aldesleukin

Glycoprotein, 133 amino acids, 15 kDa

Gene locus: chromosome 4q26-28
Expression: T-cells (CD4+)

T-cells: proliferation, clonal expansion, chemotaxis, activation, induction of non-MHC re-
stricted cytotoxic T-cells, binding to IL-2 receptor

B- and NK cells: proliferation, differentiation, activation

Induction / release of several other cytokines (interferon y)

Stimulation of cytotoxic tumor infiltrating monocytes / macrophages

Kinetics: rapid distribution after parenteral administration, terminal half-life t% 30-90 min
Metabolism: proteolysis, renal elimination

With high-dose treatment: capillary leak syndrome (dose-limiting), neurological / renal / gas-
trointestinal / cardiovascular symptoms

Bone marrow: anemia, thrombocytopenia, leukopenia, eosinophilia

Cardiovascular: hypotension, edema, endocarditis, cardiac arrhythmias, angina pectoris, car-
diac arrest, thromboembolic events

Lung: dyspnea, pulmonary edema, cough, hemoptysis, ARDS, bronchospasm
Gastrointestinal: nausea, vomiting, diarrhea, mucositis, gastritis, gastrointestinal hemorrhage,
constipation, meteorism, loss of appetite

Kidney: oligo- / anuria, interstitial nephritis, acute renal failure, hypocalcemia

Liver / pancreas: transient increase of transaminases, hyperglycemia

Skin: pruritus, dermatitis, alopecia, conjunctivitis

Nervous system (central and peripheral neuropathy): depression, confusion, agitation, halluci-
nation, neuralgia, paresthesia, sensory and motor dysfunction, seizures, somnolence, coma
Cerebrovascular disorders: TIA, cerebral hemorrhage, cerebral infarction

Other: flu-like symptoms: fever, sweating, chills, fatigue, myalgia, arthralgia, headaches

ATTN: Nephrotoxic, cardiotoxic, and myelotoxic drugs and hypertensives can enhance the side
effects. Glucocorticoids decrease the effects of IL-2.

High-dose IL-2 treatment only under strict monitoring: cardiovascular system, neurostatus, renal
function, liver function, full blood count, thyroid function.

Performance status ECOG > 2, cerebral metastasis

Human protein allergy, severe infections

Severe cardiovascular or pulmonary disorders (pO, < 60 mmHg)
Lactation, pregnancy (strict contraception is mandatory)

Indications: metastatic renal cell carcinoma
Clinical trial use: malignant melanoma, NHL, solid tumors, donor lymphocyte infusion after al-
logeneic transplantation, AIDS-associated malignancies

Dosage and administration: i.v. or s.c., e.g.:

Continuous infusion: 3-24 x 10° IU/m?/day (18 x 10°IU = 1 mg) c.i.v. for 2-5 days
S.c.: 1-5 x 10° IU/m?/day s.c. once or several times a week
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Interleukin 11 (IL-11)

Chem: Protein, 178 amino acids, 19 kDa
Phys: o Gene locus: chromosome 19q13.3-q13.4

o Expression: bone marrow fibroblasts, various mesenchymal and epithelial cell types (e.g., bron-

chial / alveolar and gastrointestinal epithelial cells, osteoblasts, CNS)
MOA: o Inflammation mediator (mainly in lung)

« Hematopoiesis: synergistically with other cytokines, stimulation of megakaryopoiesis, eryth-
ropoiesis, myelopoiesis, lymphopoiesis, and (in vitro) bone marrow stroma cells, increase of
thrombocytes usually 5-9 days after application

 Gastrointestinal: in vitro inhibition of the proliferation of intact crypt stem cells, in vivo stimu-
lation of proliferation / apoptosis inhibition in damaged crypt cells

+  Other: adipogenesis inhibitor, modulator of the metabolism of extracellular matrix (fibrosis-
enhancing)

Pkin: Kinetics: rapid distribution after s.c. application, terminal half-life: t%» 7 h

o Metabolism: proteolysis, renal excretion

Se: Usually, only mild and transient side effects:

o Cardiovascular: supraventricular arrhythmias, tachycardia

o Lung: dyspnea, pulmonary edema, cough, pleural effusion

+ Gastrointestinal: nausea / vomiting, diarrhea

 Kidney: fluid retention — dilution anemia, electrolyte imbalance, effusions, edema, papillary
edema (visual disturbances)

o Skin: erythema

o Nervous system: amentia, insomnia, headache

o Other: flu-like symptoms, increase of acute phase proteins, anaphylaxis

Ci:  Cardiac insufficiency, absolute arrhythmia
o Electrolyte / fluid imbalance
Th: Indications: prevention of severe thrombocytopenia and reduction of the need for platelet transfu-
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sions following myelosuppressive chemotherapy (USA)

Dosage: 50 ug/kg body weight/day s.c., application 6-24 h after chemotherapy, daily application
until thrombocytes > 50,000/pl, maximum 21 days
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Tumor Necrosis Factor a (TNFa)

157 amino acids, 17.3 kDa

Gene locus: chromosome 6 (within MHC complex)
Expression: activated monocytes, macrophages

Inflammation mediator: induction of cytokines and low molecular weight mediators (prosta-
glandin, PaF) 1, leukocyte migration 1

B- and T-cells: proliferation and activation, phagocytosis / cytotoxicity 1

Vascular effect: endothelial cell proliferation |, vessel wall damage, modulation of adhesion
molecule and cytokine expression — local procoagulant effects — microthrombosis

Kinetics: half-life dose-dependent, i.v. application of 150 pg/m?* 15-30 min

Bone marrow: leukopenia, anemia, thrombocytopenia

Cardiovascular: hypotension and tachycardia, arrhythmia, shock

Kidney: acute renal failure

Nervous system: central nervous system disorders, peripheral neuropathy

Other: flu-like symptoms (fever, chills, sweating, fatigue, nausea), thromboembolic events,
DIC (disseminated intravascular dissemination) in isolated cases

Severe cardiovascular or pulmonary diseases, simultaneous treatment with cardiotoxic drugs
Peptic ulcer, severe ascites, limited bone marrow function
Renal or hepatic dysfunction, hypercalcemia

Indications: isolated limb perfusion in combination with melphalan and hyperthermia in non-
resectable soft tissue sarcoma

ATTN: Isolated limb perfusion must be carried out in specialized centers under intensive surveil-
lance and permanent monitoring of systemic drug concentrations (objective: leakage of drugs into
the systemic circulation < 10%).

Dosage: i.v. application for isolated limb perfusion in combination with chemotherapy (e.g., mel-
phalan), 3-4 mg TNFa per liter of perfused volume (maximum 150 mg)
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35 Monoclonal Antibodies
K. Potthoff, H. Veelken
Def: Monoclonal immunoglobulin preparations with specific effects directed against defined target
structures (antigens). Monoclonal antibody production is usually based on “recombinant” DNA
technology.
Antibody Nomenclature
Notations for monoclonal antibodies consist of several components and follow internationally
valid systematics. In general, they are formed by one prefix and three suffixes (according to the
following pattern: “prefix - suffix 1 - suffix 2 - suffix 3”):
o Suffix 1: indicating the target structure: colon (“col”), mammary (“ma”), testis (“got”), prostate
(“pr” / “pro”), cardiovascular (“cir”), viral (“vir”), immune system (“lim” / “li”), infect associ-
ated (“les”), mixed / diverse tumors (“tum” / “tu”)
o Suffix 2: indicating the species of origin: human (“u”), mouse (“0”), rat (“a”), hamster (“¢”),
primate (“i”), chimeric (“xi”), humanized (“zu”
« Suffix 3: “mab” indicating a monoclonal antibody or antibody fragment
Example: Alem-tu-zu-mab: humanized antibody against an antigen that is expressed by differ-
ent malignant tumors.
Th: Potential Mechanism of Action of Monoclonal Antibodies
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o Competitive receptor blockade — blockage of receptor-mediated effects (e.g., inhibition of
cytokines or growth factors)

o Receptor activation — induction of receptor-mediated effects (e.g., apoptosis induction)

o Complement activation and complement-mediated cytotoxicity (CDC)

o Antibody-mediated cellular cytotoxicity (ADCC)

o Conjugation of antibodies and radioactive (“radioimmunoconjugates”) or cytotoxic compo-
nents (“immunotoxins”)

Use of Monoclonal Antibodies

Since 1998, several different monoclonal antibodies have been licensed for treatment of solid
tumors and hematological neoplasias. Application as monotherapy or in combination, e.g., with
chemotherapy.

Species Specificity

Antibodies are usually specific for each species. Application of murine antibodies in humans

might lead to loss of effect due to generation of antibodies as well as to incompatibility reactions.

Several different types of antibodies with human parts are clinically used:

o “Chimeric” antibodies: constant region of human origin, variable region (including antigen-
binding site) of primary species of origin

o “Humanized” antibodies: antigen-binding region of primary species of origin, remainder of
human origin (95%)

o “human” antibodies: 100% human sequence

New monoclonal antibodies in clinical trials (selection)

Compound Target structure (cell type) Indication

Apolizumab (HulD10) HLA-DR-p-chain (B-cells, B-NHL, CLL
macrophages, dendritic cells)

Basiliximab Interleukin-2 receptor (activated ~ GVHD prophylaxis
T-cells)

Daclizumab Interleukin-2 receptor a T-NHL, T-cell leukemia
(T-cells)
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New monoclonal antibodies in clinical trials (selection) (continued)

Compound Target structure (cell type) Indication
Epratuzumab CD22 (B-cells) B-NHL, autoimmune
diseases

HuM291 CD3 (mature T-cells) T-NHL

Infliximab TNFa (monocytes, GVHD treatment
macrophages, lymphocytes)

1-Lym-1 HLA-DR10 B-NHL

Pertuzumab (rhuMAb-2C4)  HER dimerization (HER1/ Solid tumors
EGFR, HER1/HER4)
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Alemtuzumab

Humanized, recombinant, monoclonal IgG1-x antibody (rat / human), specifically binding to the
CD52 antigen

Binding to CD52 (on B- / T- / NK cells, monocytes, macrophages)

— complement-mediated cytotoxicity (CDC), antibody-mediated cytotoxicity (ADCC), apop-
tosis induction, depletion particularly of CD52-positive lymphocytes

— peripheral T-cell depletion for 3-6 months. Recovery of CD4+ T-cells to 75% of baseline
within 6-12 months after treatment

Strong CD52 expression on T-cells — effective in T-CLL

Kinetics: half-life: median t¥ 12 days

Bone marrow: prolonged myelosuppression (neutropenia, lymphocytopenia, thrombocyto-
penia, 50-70%) — infections (in 10-15% of cases, dose-limiting), esp. HSV, CMV, Candida,
aspergillosis, Pneumocystis carinii pneumonia (PcP), mycobacterioses

Cardiovascular: hypotension, hypertension, tachycardia, arrhythmia, vascular spasms

Lung: pneumonia, bronchitis, pulmonary edema, bronchospasms, dyspnea

Gastrointestinal: nausea (50%), vomiting, diarrhea, constipation, abdominal pain, gastrointes-
tinal hemorrhage, loss of appetite

Liver: transient increase of transaminases, hyperglycemia

Nervous system: headache, dysgeusia, tremor, rigor, paresthesia, dizziness, confusion, anxiety,
depression, insomnia

Infusion-induced reactions: fever (85%), chills, hot flushes, sweating, erythema, urticaria, pru-
ritus, rhinitis, conjunctivitis, sore throat, angioedema

Other: night sweat, fatigue, reduced performance status, peripheral edemas, arthralgia, myal-
gia, bone pain, LDH 1, coagulation disorders

Hypersensitivity to murine proteins

Severely impaired cardiac, renal, or hepatic function

Florid systemic infections, immune deficiency, HIV infection
Pregnancy, lactation

Indications: CLL, second line treatment
Clinical trial use: first-line and consolidation therapy for CLL, T-cell NHL, T-cell depletion in
GVHD prophylaxis, ITP, immunocytopenia

Dosage: i.v. application (infusion over 2 h), with dose escalation:

Week 1: 3 mg i.v. day 1, 10 mg i.v. day 2, 30 mg i.v. day 3; weeks 2-12: 30 mg i.v. 3 x per week,
over 4-12 weeks

ATTN: risk of severe infusion-induced reactions including fever, chills, thrombocytopenia,
decrease of blood pressure, tumor lysis syndrome. Premedication with paracetamol and an-
tihistamines (e.g., clemastine). No dose escalation in case of severe infusion-associated side
effects. Close monitoring of vital parameters

Infection prophylaxis with cotrimoxazole and virustatics from day 8 until CD4 cell count is
>200/ul



3.5 Monoclonal Antibodies

Chem:

MOA:

Pkin:

Se:

Ci:

Th:

Bevacizumab

Chimeric, recombinant, monoclonal IgG1 antibody (mouse / human), specifically binding to
VEGF (vascular endothelial growth factor)

o VEGF binds to VEGF receptors (VEGF-R1, -R2, -R3) on endothelial cells — endothelial cell
proliferation — development of blood vessels (angiogenesis)

o Bevacizumab binds to VEGF — inhibiting VEGF-VEGF receptor binding (esp. VEGF-R1 =
Flt-1 and VEGF2 = KDR) — inhibiting tumor neoangiogenesis — inhibiting tumor growth
and metastasis

Kinetics: median half-life t% 20 days (11-50 days)

o Bone marrow: leukopenia and anemia (rare)

« Cardiovascular: hypotension, hypertension, cardiac insufficiency (esp. in combination with
anthracyclines), myocardial infarction, thromboembolic events

o Lung: cough, bronchitis, pneumonia, hemoptysis (esp. in patients with squamous cell carci-
noma), dyspnea

« Gastrointestinal tract: nausea, vomiting, diarrhea, constipation, mucositis, gastrointestinal
perforation (2-4%), abdominal pain, loss of appetite

o Liver: transient increase of transaminases, cholestasis

« Kidney: proteinuria (15-30%), nephrotic syndrome, hypocalcemia, hyponatremia

o Nervous system: headache, tumor pain, dizziness, syncopes

o Infusion-induced reactions (‘cytokine release syndrome”): fever, chills, hot flushes, rigor, urti-
caria, pruritus, rhinitis, sore throat, dyspnea, bronchospasm, stridor

o Other: hemorrhages (epistaxis, hemoptysis, gastrointestinal bleeding), fatigue, reduced perfor-
mance status, infections, myalgia, arthralgia, peripheral edema

« Hypersensitivity to mouse proteins, severe cardiac disease
o Increased risk for bleeding or previous hemorrhages

o Uncontrolled hypertension

o Pregnancy, lactation

Indications: metastatic colorectal carcinoma, non-small cell lung cancer
Clinical trial use: breast cancer, ovarian cancer, glioblastoma, pancreatic carcinoma, renal cell car-
cinoma

Dosage: i.v. application over 90 min

o 5 mg/kgi.v. every 2 weeks, initial intravenous infusion over 90 min, conservtive infusions over
30-60 min

o ATTN: application at the earliest 28 days following surgery (impaired wound healing)
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Cetuximab

Recombinant, monoclonal, chimeric IgG1 antibody (mouse / human), high affinity binding to the
extracellular domain of human epidermal growth factor receptor 1 (EGF-R1, HER1)

Binding to EGF-R1 (on solid tumor cells):

Inhibition of endogenous ligands (EGE, TGFa), competitive inhibition of EGF-R1-tyrosine
kinase, signal transduction |

Receptor internalization and downregulation

Antibody-mediated cytotoxicity, apoptosis induction, tumor neoangiogenesis |

Inhibition of tumor growth and metastasis

Kinetics: median half life t%: 60-100 h with standard dose

Bone marrow: moderate myelosuppression

Cardiovascular: hypertension, hypotension, tachycardia

Lung: dyspnea, bronchospasm, stridor

Gastrointestinal: nausea / vomiting, diarrhea (esp. in combination with irinotecan), constipa-
tion, abdominal pain, loss of appetite

Liver: transient increase of transaminases

Nervous system: headache, insomnia

Skin: acne-like eczema, nail changes (up to 80%, reversible), skin dryness, pruritus, alopecia
(rare)

Infusion-induced reactions: severe hypersensitivity reactions (5%) during or 1 h after first in-
fusion, with pulmonary obstruction (bronchospasm, stridor, hoarseness), hypotension, fever,
shiver, urticaria, exanthema

Other: fatigue, reduced performance status, infections, headache, peripheral edema

Hypersensitivity to cetuximab
Pregnancy, lactation

Indications: metastasized colorectal carcinoma, head and neck cancer
Clinical trial use: breast cancer, non-small cell lung cancer

Dosage: i.v. application:

Initially 400 mg/m?i.v. over 2 h

Consecutive infusions: 250 mg/m? i.v. over 1 h

EGEFR expression analysis in tumor tissue recommended prior to treatment (e.g., immunohis-
tochemistry)

ATTN: risk of infusion-induced reaction with fever, chills, thrombocytopenia, hypotension,
tumor lysis syndrome. Premedication with paracetamol 500-1,000 mg p.o. and antihistamines
(e.g., clemastine 2 mg i.v.) reccommended



3.5 Monoclonal Antibodies

Chem:

MOA:

Pkin:

Se:

Ci:

Th:

Eculizumab

Recombinant humanized monoclonal IgG,,,x antibody specifically binding to the complement
protein C5, molecular weight 148 kDa.

Binding to complement protein C5

— Inhibition of cleavage of C5 to C5a and C5b

— Prevention of formation of terminal complement complex C5b-9

Inhibition of terminal complement mediated intravascular hemolysis in patients with parox-
ysmal nocturnal hemoglobinuria (PNH) (» Chap. 6.4.3)

Kinetics: elimination half-life t¥5 272 + 82 h
Metabolism: proteolysis

Bone marrow: anemia (2%)

Lung: cough, nasopharyngitis, respiratory tract infection, sinusitis

Gastrointestinal: nausea (16%), vomiting, constipation

Nervous system: headache (44%)

Infusion-induced reactions (“cytokine-release syndrome”): fever, chills, rigor, rhinitis, conjuncti-
vitis, sore throat, bronchospasm, angioedema

Other: serious hemolysis after discontinuation (LDH 1), systemic infections, serious menin-
gococcal infections, viral infections (including herpes simplex), backache, arthralgia, myalgia,
limb pain, fatigue, influenza-like symptoms

Patients who are not vaccinated against Neisseria meningitidis
Unresolved Neisseria meningitidis infection

Approved indications: paroxysmal nocturnal hemoglobinuria (PNH)

Dosage and application:

600 mg i.v. infusion weekly for 4 weeks, then 900 mg every 14 days

ATTN: increased risk of meningococcal infections — patients must receive a meningococcal
vaccine at least 2 weeks prior to initiation of eculizumab therapy

Monitor for signs and symptoms of infusion reactions

Monitor for signs of hemolysis, serum LDH levels
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Gemtuzumab Ozogamicin

Immunotoxin conjugate, humanized, recombinant, monoclonal IgG4-x antibody specifically
binding to the antigen CD33, conjugated with the cytostatic antibiotic calicheamicin

Binding to CD33 on leukemic myeloblasts and myeloid cells (myelomonocytic progenitors,
neutrophils, erythrocytes, thrombocytes, monocytes / macrophages). In AML, over 80% of
cells are CD33 positive. CD34-positive hematopoietic stem cells are CD33 negative.
Internalization of CD33 with gemtuzumab ozogamicin — release of calicheamicin derivatives
in lysosomes — DNA strand breaks — cytotoxic effect.

Simultaneously, antibody-mediated cytotoxicity (ADCC), apoptosis induction.

Kinetics: median serum half-life t2 of gemtuzumab ozogamicin 45-60 h, t% of unconjugated
calicheamicin 100 h
Metabolism: internalization and hydrolysis, hepatic and renal elimination

Bone marrow: severe myelosuppression (neutropenia, thrombocytopenia, anemia), bone mar-
row recovery after approximately 40 days. Infections due to neutropenia (50%), hemorrhages
(15% of cases, cerebral, gastrointestinal, epistaxis, hematuria, in rare cases disseminated intra-
vascular coagulation)

Cardiovascular: hypotension, hypertension, tachycardia

Lung: cough, dyspnea, pharyngitis, bronchitis, pneumonia, pulmonary edema, ARDS
Gastrointestinal: nausea / vomiting (70%), diarrhea (40%), constipation, abdominal pain, loss
of appetite

Liver: transient increase of transaminases, cholestasis (25%), hyperglycemia

Skin: local reactions, erythema, pruritus, petechiae

Infusion-induced reactions (‘cytokine release syndrome”): fever (85%), chills (75%), hot flushes,
sweat, erythema, urticaria, hypo- or hypertension, dyspnea

Other: tumor lysis syndrome (rare, risk of acute renal failure), arthralgia, myalgia, hypercalce-
mia

Hypersensitivity to gemtuzumab ozogamicin
Pregnancy, lactation
Severely impaired liver function (bilirubin > 2 g/dl)

Indication (USA): relapse of CD33-positive AML in patients > 60 years
Clinical trial use: AML

Dosage: i.v. application (infusion over 2 h)

9 mg/m?/day i.v. on days 1, 15

ATTN: risk of infusion-induced reactions including fever, chills, thrombocytopenia, hypoten-
sion, tumor lysis syndrome. Premedication with paracetamol 500-1000 mg p.o. and antihista-
mines (e.g., clemastine 2 mg i.v.)
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Ibritumomab Tiuxetan

Radioimmunoconjugate, recombinant, monoclonal, murine IgG1-k antibody (ibritumomab) spe-
cifically binding to the transmembrane antigen CD20, covalently bound to chelator (tiuxetan).
Indium (determination of biodistribution) or *°yttrium (therapeutically used radionuclide with
B-radiation) bound to chelate.

Binding to CD20 on normal pre-B-cells, mature B-lymphocytes, and 95% of malignant B-NHL
— complement-mediated cytotoxicity (CDC) and antibody-mediated cellular cytotoxicity
(ADCCQ), apoptosis induction, depletion of CD20-positive lymphocytes, serum immunoglob-
ulin |

Decay of *°yttrium, resulting in local radiotherapy of CD20-positive tissue structures

Kinetics: median half-life t¥ of *°yttrium: 28-64 h

Bone marrow: severe and prolonged myelosuppression (60%)

Cardiovascular: hypotension, hypertension, arrhythmia, rare cases of angina pectoris, cardiac
insufficiency, myocardial infarction in cases of pre-existing cardiac disease

Lung: cough, sinusitis, bronchitis, bronchospasm, bronchiolitis obliterans, ARDS
Gastrointestinal: nausea, vomiting, abdominal pain, diarrhea, loss of appetite

Liver: transient increase of transaminases, hyperglycemia

Skin: erythema, pruritus, urticaria

Infusion-induced reactions (‘cytokine release syndrome”): fever, chills, hot flushes, dyspnea,
bronchospasm, angioedema, conjunctivitis, anaphylaxis, shock

Other: infections, hemorrhages, night sweats, arthralgia, myalgia, skeletal pain, conjunctivitis,
hypocalcemia, hypercalcemia, LDH t, lymphadenopathy, coagulation disorders, dysgeusia,
tumor lysis syndrome

Hypersensitivity to mouse proteins
Severe pre-existing cardiac disease
Diminished bone marrow reserve after pretreatment, thrombocytopenia

Indications for use (USA): relapsed / refractory / transformed B-NHL (e.g., follicular lymphoma),
CD20+

Dosage and application:

Day 1: initial infusion of 250 mg/m?*/day rituximab (saturation of free CD20 antigens); after
4 h administration of '"'In-ibritumomab tiuxetan over 10 min i.v., determination of biodis-
tribution after 2-4, 48-72, and 90-120 h, continue protocol only if biodistribution is satisfac-
tory

Days 7, 8, 9: initial application of 250 mg/m? rituximab (saturation of free CD20 antigens),
after 4 h application of *°Y-ibritumomab tiuxetan over 10 min i.v.

ATTN: maximum dose of *°Y-ibritumomab tiuxetan: 32.0 mCi (1.184 MBq)
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Panitumumab
Chem: Recombinant, monoclonal, fully human IgG2 antibody, with selective high affinity binding to the
human epidermal growth factor receptor (EGF-R, HER1), inhibiting ligand binding.
MOA: Binding to EGF-R (on solid tumor cells):
o Inhibiting the effect of endogenous EGF-R ligands (EGF, TGFa), competitive inhibition of
EGF-R tyrosine kinase, signal transduction |
o Receptor internalization and downregulation
o Antibody-mediated cytotoxicity, apoptosis induction, tumor neoangiogenesis |
o Inhibiting tumor growth and metastasis
Efficacy of panitumumab monotherapy in metastatic colorectal carcinoma is increased with ex-
pression of the wild-type KRAS gene. Tumors with expression of mutated KRAS show reduced
response rates. KRAS status should be considered in selecting patients with metastatic colorectal
carcinoma as candidates for panitumumab therapy.
Pkin: Kinetics: elimination half life (t): 7.5 days (3.6 - 10.9 d)
Se: o Lung: dyspnea, cough, pulmonary fibrosis (rare)
o Gastrointestinal: nausea / vomiting, diarrhea (esp. in combination with irinotecan), constipa-
tion, abdominal pain, mucositis
o Skin: acneiform skin rash, pruritus, erythema, exfoliation, nail disorders, dry skin
o Other: fatigue, reduced performance status, infections, peripheral edema, hypomagnesemia,
infusion reactions (rare), allergic reactions (rare)
Ci: Pregnancy, lactation
Th: Indications for use: metastasized colorectal carcinoma
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Clinical trial use: breast cancer, non-small cell lung cancer

Dosage:

o 6 mg/kgi.v. every 14 days, 1 h-infusion

o Examination of EGFR and KRAS status in tumor tissue recommended prior to treatment (e.g.,
immunohistochemistry)

o ATTN: reduced risk of infusion-reduced reactions as compared to other EGFR inhibitors, due
to fully human nature of the antibody.
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Trastuzumab

Humanized, recombinant, monoclonal IgG1-k antibody (mouse / human), selectively binding
with high affinity to the extracellular domain of the human epidermal growth factor receptor 2
(EGF-R2, HER2)

HER?2 protooncogene encodes the transmembrane receptor protein p185 (185 kD, HER2/neu)
with intrinsic tyrosine kinase activity. HER2 overexpression in 25-30% of primary breast can-
cer and in other epithelial neoplasias, e.g., non-small cell lung cancer, bladder / gastric / ovar-
ian / prostate cancer

Specific binding of trastuzumab to extracellular domain of p185 — complement-mediated
cytotoxicity (CDC) and antibody-mediated cytotoxicity (ADCC), apoptosis induction, inhibi-
tion of signal transduction, receptor downregulation, cell cycle arrest

Kinetics: median half-life t: 28 days (1-32 days), elimination period up to 24 weeks

Bone marrow: mild myelosuppression

Cardiovascular: acute cardiotoxicity (dose-limiting): hypotension, syncope, tachycardia,
cough, dyspnea, edema, 3¢ heart sound, reduced cardiac ejection fraction, decompensated
cardiac insufficiency (monotherapy: 5%, combination treatment with anthracyclines: 19%);
ischemia, pericardial effusion, arrhythmia, cardiomyopathy, cardiac arrest. Vascular thrombo-
sis

Lung: cough, dyspnea, rhinitis, sinusitis, pharyngitis, pleural effusion, pulmonary infiltrates,
ARDS

Gastrointestinal: nausea (30%), vomiting, abdominal pain, diarrhea, loss of appetite

Nervous system: headache, dizziness, insomnia, paresthesias, neuropathy, tremor, anxiety, de-
pression

Infusion-induced reactions (“cytokine release syndrome,” 40%): fever, chills, cough, erythema,
urticaria, pruritus, angioedema, anaphylaxis

Other: infections (mainly rhinitis, bronchopulmonary infections, catheter infections, masti-
tis), flu-like symptoms, arthralgia, myalgia, pruritus, back pains, transient tumor pain, fatigue,
reduced performance status, antibody formation

Hypersensitivity to mouse proteins

Pre-existing cardiac disease, dyspnea at rest

Combination treatment trastuzumab + anthracyclines is not recommended due to increased
cardiotoxicity

Indications: breast cancer

Dosage and application:

Initially 4 mg/kg over 90 min i.v,, then 2 mg/kg once a week over 30 min i.v., no premedication
necessary

ATTN: cardiotoxicity, esp. in combination with anthracyclines and with pre-existing cardiac
disease (e.g., cardiac diseases, thoracic radiotherapy)

PRIOR TO TREATMENT: ECG, echocardiography (LVEF determination), diagnosis of HER2
overexpression (immunohistochemistry and/or fluorescence in situ hybridization (FISH) in
tumor tissue)
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Specific Protein Kinase Inhibitors (“Targeted Therapies”)

K. Potthoff, R. Waesch, J. Scheele, U. Martens

In addition to therapeutically used antibodies (» Chap. 3.5), low molecular weight antineoplas-
tic compounds specifically binding to biologically relevant target structures are also classified as
“targeted therapies.”

The identification of classic cytostatic drugs was based on a multitude of surveys (“screening”) in

tumor model systems (e.g., murine tumors). In contrast, the development of “targeted therapies”

is based on the knowledge of pathogenesis and pathophysiology of malignant diseases (“rational

drug design”).

Main approaches:

« Modification of gene function: gene therapy, antisense oligonucleotides, ribozymes

« Modification of protein function: monoclonal antibodies, receptor antagonists, binding pro-
teins, angiogenesis inhibitors

o Specific toxic effect: combination of specific “cognition” molecules (e.g., receptor ligands,
monoclonal antibodies) and toxins (synthetic or natural toxins), so-called “drug targeting’,
e.g., with immunotoxins

Signal transduction inhibitors inhibit specific protein kinases, other enzymes or effector molecules
of intracellular signal transduction.

Mode of Action and Target Structures
The effects of specific inhibitors depend on cellular target structures. Molecules targeting different
structures are used in preclinical and clinical trials.

Point of attack Target structure (selection)

Regulation of angiogenesis VEGE, angiopoietin, tie, HIF

Regulation of apoptosis TRAIL-R1, bcl-2, p53, NFk-B, PI3-kinase, ubiquitin
Oncogenes ras, raf, jun, fos, kinases

Regulation of proliferation Growth factors, e.g., EGF, IGF

Signal transduction Tyrosine kinases (EGF-R, VEGF-R, PDGF-R), serine-threo-
nine kinases (TOR)

Cell cycle regulation Cyclins, cyclin-dependant kinases (CDK), mitotic kinases

VEGF vascular endothelial growth factor, HIF hypoxia-inducible factor, TRAIL tumor necrosis factor-related
apoptosis-inducing ligand, NFx-B nuclear factor kappa B, PI3 phosphatidylinositol-3, EGF epidermal growth
factor, IGF insulin-like growth factor, PDGF platelet-derived growth factor, TOR target of rapamycin

Tyrosine Kinases

Kinases are enzymes which phosphorylate specific substrates (e.g., tyrosine residues). Tyrosine
kinases play an important role in signal transduction. Differentiation between:

o Receptor tyrosine kinases

o Intracellular tyrosine kinases

Tyrosine kinase inhibitors are the most important clinically used “targeted therapies.”

1. Bells HS, Ryan KM. Intracellular signalling and cancer: complex pathways lead to multiple targets. Eur J
Cancer 2005;41:206-15

2. Benson C, Kaye S, Workman P et al. Clinical anticancer drug development: targeting the cyclin-dependent
kinases. Br ] Cancer 2005;92:7-12

3. Deininger M, Buchdunger E, Druker BJ. The development of imatinib as a therapeutic agent for chronic
myeloid leukemia. Blood 2005;105:2640-53
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Bexarotene
Chem: Retinoid receptor X activator, 4-[1-(5,6,7,8-tetrahydro-3,5,5,8,8,-pentamethyl-2-naphthalenyl)-
ethenyl]benzoic acid
CH
HyC CH,4 2
‘ : CH,4 : COOCH
H,C CH4
MOA  Selective activation of retinoid X receptors (RXR) a, B, and y
— Activated receptors function as transcription factors
— Impact on apoptosis, cellular proliferation and differentiation
o Growth inhibition of specific malignant cells lines in vitro and vivo
Pkin: o Kinetics: moderate oral absorption, peak plasma levels reached after 2 h, plasma protein bind-
ing > 99%, terminal half-life t%2 7 h
o Metabolism: hepatic degradation via cytochrome P450 system (CYP3A4) and glucuronidation,
hepatobiliary elimination
Se: o Bone marrow: leukopenia, neutropenia, anemia
o Cardiovascular: peripheral edema
« Lung: dyspnea, cough, pneumonia
 Gastrointestinal: nausea, vomiting, diarrhea, abdominal pain
« Liver / pancreas: transient elevation of transaminases, cholestasis, lipid abnormalities (triglyc-
erides 1, cholesterol 1, LDL 1, HDL |), acute pancreatitis
o Nervous system: headaches, confusion
o Skin: rash, dry skin, pruritus, exfoliative dermatitis
o Other: fatigue, asthenia, infections, muscle cramps, hypothyroidism (TSH |, thyroxin | ), pos-
terior subcapsular cataracts
DDI: o Cytochrome P450 (CYP3A4) inhibiting substances (ketoconazole, itraconazole, voriconazole,
erythromycin, clarithromycin) are expected to increase bexarotene plasma concentrations
o CYP3A4-inducing substances (dexamethasone, phenytoin, carbamazepine, rifampicin, phe-
nobarbital, St. John’s wort) are expected to decrease bexarotene plasma concentrations
o Effects of insulin may be enhanced — risk of hypoglycemia
Ci: « Hypersensitivity to retinoids, pregnancy, lactation
o Relative CI: patients with risk factors for pancreatitis
Th: Approved indications: cutaneous manifestations of cutaneous T-cell lymphoma (CTCL)
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Clinical trial use: head and neck cancer, NSCLC, renal cell carcinoma, Kaposi’s sarcoma

Dosage: oral application (300 mg/m?*/day p.o.) or topical application

o ATTN: bexarotene may cause fetal harm when administered to pregnant women. Appropriate
precautions should be taken to avoid pregnancy and fathering

o BEFORE TREATMENT: tull blood count, hepatic and renal function tests, thyroid function,
blood lipids
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Chem:

MOA:

Pkin:

Se:

DDI:

Ci:

Th:

Bortezomib (PS-341)

Proteasome inhibitor, [(1R)-3-methyl-1-[[(2S)-1-0x0-3-phenyl-2-[(pyrazinylcarbonyl)amino]-

propyl]amino]butyl]boric acid
OH
o) Wl
AN N NN Som
Y r Y
5 \(

o Reversible inhibitor of 26S-proteasome — inhibiting degradation of ubiquitinated proteins —
apoptosis induction in cells with bcl-2 overexpression, angiogenesis inhibition, IL-6 mediated
effects |, adhesion molecules |

» Proteasome inhibition reversible after 72 h

 Kinetics: median half-life t%2 9-15h
o Metabolism: hepatic degradation via several cytochrome P450 enzymes

o Bone marrow: neutropenia, anemia, thrombocytopenia (15-40%)

o Cardiovascular: orthostatic hypotension, syncope, hypertension, arrhythmia, cardiac failure,
myocardial infarction

o Gastrointestinal tract: diarrhea (dose-limiting, 51%), nausea (65%), vomiting, abdominal
cramps, loss of appetite

o Kidney: renal function disorders, electrolyte disorders (rare)

o Nervous system: peripheral neuropathy (dose-limiting), headaches, drowsiness

o Other: fever, fatigue, reduced performance status (65%), arthralgia, myalgia, conjunctivitis,
hyperbilirubinemia, tumor lysis syndrome, allergic reactions (rare)

o Cytochrome P450 (CYP3A4) inhibiting substances (ketoconazole, itraconazole, voriconazole,
erythromycin, clarithromycin) — bortezomib concentration 1

o CYP3A4 induction (dexamethasone, phenytoin, carbamazepine, rifampicin, phenobarbital,
St. John’s wort) — effect of bortezomib |

o ATTN: no simultaneous administration of phenprocoumon (metabolization via CYP2C9) —
patients with anticoagulation therapy should switch to low molecular weight heparin

» Hypersensitivity to bortezomib, boric compounds, or mannitol
o Pregnancy, lactation

« Cardiac or neuropathic disorders

Indication: multiple myeloma cutaneous T-cell lymphoma
Clinical trial use: solid tumors

Dosage: 1.3 mg/m?/day i.v. on days 1, 4, 8, 11, repetition on day 22
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Dasatinib
Chem: Tyrosine kinase inhibitor, N-(2-chloro-6-methylphenyl)-2-[6-[4-(2-hydroxyethyl)-1-piperazinyl] -
amino]-5-thiazolcarboxamide
HO e
\/\N/\ H o)
k/N\/\(N S N
0w
NYN N | CHy
CHj,
MOA: « Inhibiting tyrosine kinases BCR-ABL, c-kit, EPHA2, PDGFR as well as kinases that belong to
SRC family (SRC, LCK, YES, FYN)

« Inhibiting proliferation / apoptosis induction in Philadelphia-positive CML and ALL by in-
hibiting BCR-ABL fusion protein and in gastrointestinal stromal tumors (GIST) by inhibiting
c-kit-protein (CD117, stem cell factor receptor)

Pkin: « Kinetics: oral bioavailability, plasma protein binding 93-96%, median half-life t¥2 3-5 h
o Metabolism: hepatic inactivation (cytochrome P450 3A4) and elimination (glucuronidation)
Se: o Bone marrow: neutropenia, thrombocytopenia (48-83%), impaired thrombocyte function,
anemia

« Cardiovascular: QT elongation

+ Gastrointestinal: nausea, vomiting, abdominal pain, diarrhea, loss of appetite, gastrointestinal
bleeding (7-14%)

« Liver: transient increase of transaminases, cholestasis

o Nervous system: headaches, somnolence, insomnia

o Skin: dermatitis, exanthema, pruritus, alopecia

o Other: fluid retention (50%, with effusions, peripheral edema, pulmonary edema), dyspnea,
fever, fatigue, reduced performance status, weight loss, hemorrhages

DDi: « Cytochrome P450 (CYP3A4) inhibiting substances (ketoconazole, itraconazole, voriconazole,
erythromycin, clarithromycin) — dasatinib concentration 1

o CYP3A4 induction (dexamethasone, phenytoin, carbamazepine, rifampicin, phenobarbital,
St. John’s wort) — effect of dasatinib |

o Antacids reduce the oral bioavailability of dasatinib

Ci: Use cautiously in patients with QT elongation, hypokalemia, hypomagnesemia, therapy with an-
tiarrhythmics
Th: Indications: CML, Ph+