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      Hodgkin Lymphoma                     

     Stephanie     Terezakis       and     John     P.     Plastaras     

    Abstract  

  In this chapter, illustrative, early favorable, and unfavorable cases of 
Hodgkin lymphoma (HL) are presented followed by a detailed discussion 
of the appropriate evaluation and management, with a focus on the role of 
radiotherapy.  

       Clinical Presentation: Combined 
Modality Therapy for Early-Stage 
Favorable Patients 

  A 23 - year-old man was in his usual state of health 
until January 2014 when he fi rst appreciated a 
non - tender palpable node on the right side of his 
neck. At that time ,  he reported mild sweating at 
night but denied drenching night sweats ,  fevers , 
 weight loss ,  chills, or pruritus. He was evaluated 
for a streptococcal infection and mononucleosis 
and was treated empirically with amoxicillin for 2 
weeks without interval improvement. He ulti-
mately underwent a fi ne needle aspiration that 

showed atypical lymphoid infi ltrate highly suspi-
cious for Hodgkin lymphoma  ( HL )  with no abnor-
mal population identifi ed on fl ow cytometry. 
Excisional biopsy 1 week later confi rmed HL , 
 nodular sclerosing type. Laboratory work-ups 
including complete blood count  ( CBC ),  compre-
hensive metabolic panel  ( CMP ),  and erythrocyte 
sedimentation rate  ( ESR )  were obtained and were 
all within normal limits. CT of the neck ,  chest , 
 abdomen ,  and pelvis with IV contrast was notable 
for a dominant conglomerate of lymph nodes in 
the right neck  ( levels II – III )  measuring 5.2 cm in 
maximal longitudinal dimension. A subsequent 
PET / CT scan demonstrated multiple hypermeta-
bolic right cervical lymph nodes with maximum 
SUV of 8.2  (Figs .   1.1  and  1.2 ).  There were no 
FDG - avid lesions identifi ed elsewhere .

       Pathology 

  The fi nal pathology demonstrated nodular scle-
rosis  ( classic )  HL  ( NSHL ).  NSHL is composed of 
Reed - Sternberg  ( R - S )  cells  ( CD15 +)  identifi ed in 
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  Fig. 1.1    Pre-chemotherapy PET/CT scan (axial slices) demonstrating the extent of disease in the  right  neck       
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a background of predominantly   lymphocytes . 
NSHL is characterized by collagenous bands that 
divide the lymph node into nodules often con-
taining an R-S cell variant called the lacunar cell. 
Although NSHL is the most common subtype in 
all age groups, it is more frequent in adolescents 
(77 %) and adults (72 %) than in younger children 
(44 %) [ 1 ]. NSHL frequently spreads along con-
tiguous nodal chains as illustrated in this case 
presentation in which the right neck was involved 
extending from lymph node levels II–IV.  

    Staging and Prognostic Factors 

 After pathology is obtained, patients undergo 
clinical staging, beginning with a detailed history 
of systemic symptoms and physical examination. 
Laboratory studies including CBC and 
 biochemical evaluation with liver function tests 
(including albumin) should be obtained. Acute-
phase reactants, including ESR and C-reactive 
protein, may be elevated at diagnosis. Patients 
with “B” symptoms or stage III and IV lym-
phoma should have a bone marrow biopsy. Given 
this patient presented with stage IA disease, he 
did not undergo bone marrow biopsy. Imaging 
work-up with CT scan of the neck, chest, abdo-
men, and pelvis with IV contrast is required to 
defi ne disease involvement and extent [ 1 ]. An 
abdominal and pelvic CT with oral and intrave-
nous contrast can defi ne retroperitoneal and pel-
vic lymph nodes. HL involving the liver or spleen 

is suggested by CT fi ndings of defi nite areas of 
abnormal density representing lymphomatous 
deposits.  18 F-FDG PET/CT scan is increasingly 
recognized as the most useful functional staging 
modality for HL [ 2 ]. Areas of abnormal avidity 
correlate with disease extent, which is essential 
in staging, and PET scan is critical for assess-
ment of mid-treatment and end- of- treatment 
response. PET scan, when performed after only 
two or three cycles of chemotherapy, has prog-
nostic signifi cance in classical HL whether in the 
initial or relapsed setting [ 3 – 5 ]. A negative mid-
treatment PET has been clearly associated with 
favorable outcomes. While HL patients with a 
positive mid-treatment PET generally fare worse, 
the results have been variable given the small 
number of PET-positive patients seen in these 
studies. Early metabolic imaging is also being 
investigated in an effort to reduce chemotherapy 
toxicity in adequately responding patients while 
intensifying patients who are slow to respond [ 6 ]. 
Large-scale clinical trials have also used end-of-
chemotherapy PET to guide whether and which 
sites to radiate particularly in the advanced HL 
setting [ 7 ,  8 ]. There has been a movement to 
carefully defi ne responses objectively, and ongo-
ing trials and clinical guidelines have used the 
fi ve-point Deauville criteria based on the medias-
tinal blood pool and liver as internal benchmarks 
of uptake [ 9 ]. Information gained on the extent of 
early and end-of-chemotherapy response may 
help to individually tailor risk-adapted, com-
bined-modality treatment for HL. Currently, and 
for patients with early favorable HL, HD10 still 
constitutes the backbone. 

 In addition to the emerging data on the prog-
nostic signifi cance of response-based imaging, 
there are several well-established prognostic fac-
tors including the stage of disease, presence of 
bulk, number of involved sites, systemic “B” 
symptoms, laboratory studies including ESR, and 
age. Patients presenting with advanced disease 
(stage III or IV) have a poorer outcome than 
patients with early-stage disease [ 10 ]. “B” symp-
toms develop as a result of cytokine secretion and 
are a marker for biologic aggressiveness of dis-
ease. ESR, hemoglobin level, and serum albumin 
have also been reported to predict worse out-

  Fig. 1.2    Pre-chemotherapy PET/CT scan (coronal view) 
demonstrating the extent of disease       
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comes [ 11 ]. HL is typically categorized into 
“favorable” and “unfavorable” disease based on 
the constellation of such prognostic factors, and 
each large cooperative group has defi ned these 
categories with specifi c criteria (See Table  1.1 ). 
Therefore, in interpretation of clinical trial data, 
it is essential to understand the inclusion criteria 
for “favorable” and “unfavorable” categories to 
apply the clinical outcomes appropriately.

   Our patient presented at a young age, without 
B symptoms or bulk, with disease confi ned to one 
“site” in the right neck, and normal lab values. 
Therefore, he fell classically into a “favorable” 
category of disease according to each cooperative 
group’s defi nition.  

    Treatment Management 

 Randomized controlled data have demonstrated 
the feasibility of lowering the radiation prescrip-
tion dose particularly in the favorable group of 
patients. The German Hodgkin Study Group 
(GHSG) HD10 trial used a 2 × 2 design to ran-
domize patients to either two or four cycles of 
ABVD chemotherapy with either 20 Gy- or 
30 Gy involved-fi eld radiotherapy (IFRT). There 
were no signifi cant differences in overall survival 
and a 5-year freedom-from-treatment failure 
based on the number of chemotherapy cycles or 

radiation dose [ 12 ]. It is important to note that the 
GHSG defi nition of favorable disease differs 
from both the EORTC and National Cancer 
Institute of Canada (NCIC) defi nitions 
(Table  1.1 ). In this patient, ABVD was recom-
mended with two cycles followed by 20 Gy of 
radiation treatment because he met favorable dis-
ease criteria per the HD10 trial. 

 Concerns regarding late radiation toxicity have 
prompted interest in exploring the feasibility of a 
chemotherapy-alone approach. A number of trials 
have compared combined modality therapy with 
chemotherapy alone, and these studies can be dif-
fi cult to interpret due to varying inclusion criteria 
and treatment techniques. Randomized compari-
sons of combined modality therapy with chemo-
therapy alone generally show higher rates of 
relapse with omission of RT. The EORTC-GELA 
H9-F examined 619 patients with early-stage, 
favorable disease who had achieved a complete 
response after six cycles of epirubicin, bleomy-
cin, vinblastine, and prednisone (EBVP) chemo-
therapy [ 13 ]. Following chemotherapy, patients 
were randomized to observation, 20 Gy of IFRT 
or 36 Gy of IFRT. There was no difference in a 
four-year EFS between the two IFRT arms 
(20 Gy: 84 % vs. 36 Gy: 87 %), and patients in the 
observation arm experienced a signifi cantly lower 
four-year EFS of 70 % ( p  < 0.001) which resulted 
in early termination of the observation arm due to 
prespecifi ed stopping rules. It has been noted that 
the H9F study employs less intensive chemother-
apy than other similarly designed trials, and it has 
been suggested that this is the reason for a lower 
EFS in the observation arm [ 14 ]. 

 Similarly, in the National Cancer Institute of 
Canada – Eastern Cooperative Oncology Group 
(NCIC-ECOG) HD6 trial, 405 patients with 
early-stage disease were randomized to four to 
six cycles of ABVD chemotherapy alone versus 
subtotal nodal irradiation (STNI) with either 
two cycles of ABVD chemotherapy or no fur-
ther therapy. Patients in the combined modality 
arm experienced a trend toward an improved 
12-year FFDP compared to patients in the che-
motherapy alone arm (92 % vs. 87 %,  p  = 0.05), 
with “unfavorable” patients experiencing a sta-
tistically signifi cant difference in FFDP (94 % 
vs. 86 %,  p  = 0.01) [ 15 ]. Notably, patients in the 
combined modality arm experienced worse OS 

    Table 1.1    Defi nitions of unfavorable risk factors by a 
specifi c cooperative group   

  German Hodgkin Study Group  ( GHSG ) 
 1. ESR >50 if no B symptoms, ESR >30 if B symptoms 
 2. Mediastinal mass ratio >0.33 
 3. >2 nodal sites 
 4. Any extranodal disease 
  European Organization for the Research and Treatment 
of Cancer  ( EORTC ) 
 1. Age ≥50 
 2. ESR >50 if no B symptoms, ESR >30 if B symptoms 
 3. Mediastinal thoracic ratio >0.35 
 4. >3 nodal sites 
  National Cancer Institute of Canada  ( NCIC ) 
 1. Age ≥40 
 2. Mixed cellularity or lymphocyte depleted histology 
 3. ESR >50 or any B symptoms 
 4. Mediastinal mass ratio >0.33 or disease >10 cm 
 5. >3 nodal sites 
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(87 % vs. 94 %,  p  = 0.04). However, interpreta-
tion of the survival results is unclear given an 
excess of mortality in the combined modality 
arm from either early toxicity or causes other 
than lymphoma. Ultimately, the omission of 
radiation did not adversely affect OS rates in 
the majority of patients on the HD6 trial. It is 
critical to be aware that the HD6 trial incorpo-
rated more extensive RT with STNI than is 
delivered with modern radiotherapy. Although 
the combined modality arm in this study is 
obsolete, enthusiasts of a chemotherapy- only 
approach have pointed to the excellent survival 
results with four to six cycles of ABVD [ 14 ]. 
Therefore, the outcomes of chemotherapy, 
compared to combined modality therapy deliv-
ered with modern techniques, smaller radiation 
fi elds, and lower doses, remain to be 
determined. 

 A systematic Cochrane review further investi-
gated the omission of RT from combined modality 
therapy. The analysis included fi ve unconfounded 
trials and demonstrated that the omission of RT 
from the combined modality paradigm led to 
increased risk of relapse [ 16 ]. Additionally, two 
recent analyses using large- scale datasets from the 
Surveillance, Epidemiology, and End Results 
(SEER) program and the National Cancer 
Database have also suggested decreased overall 
survival in early stage HL patients treated with 
chemotherapy alone [ 17 ,  18 ]. 

 Excellent survival outcomes and availability 
of effective salvage therapy do suggest that che-
motherapy alone is an option particularly in those 
patients that are likely to experience morbidity 
from the late effects of RT. However, there are 
trade-offs with this approach as it requires more 
intensive chemotherapy or increased number of 
chemotherapy cycles, and in the case of relapse, 
higher doses of RT and/or stem cell transplanta-
tion are required resulting in more signifi cant 
toxicities. To better determine the patients in 
which to escalate or de-escalate therapy, studies 
are ongoing to evaluate whether excellent clinical 
outcomes can be maintained with the omission of 
RT after a negative interim PET. Although this 
strategy holds promise, it is not clear yet whether 
there is predictive power to the interim PET that 
will guide risk-adapted therapy in the adult popu-
lation. For example, favorable patients in the H10 

trial that had a negative PET after ABVD x 2 
cycles received one additional cycle of ABVD 
without RT. This experimental arm was closed 
early due to excess treatment failure, and RT was 
subsequently added to this arm following ABVD 
completion. There were 16 events of progression 
in the experimental arm versus 7 in the standard 
arm at fi rst interim analysis, and the data- 
monitoring committee concluded that it was 
unlikely that the experimental arm would have a 
non-inferior outcome leading to the early closure 
[ 19 ]. The United Kingdom National Cancer 
Research Institute RAPID trial also explored the 
role of interim PET in patients with stage I/II dis-
ease without B symptoms or mediastinal bulk. 
Patients with a negative PET scan following three 
cycles of ABVD were randomized to IFRT ver-
sus observation. The trial was designed as a non- 
inferiority study, and at a median follow-up of 
45.7 months, the 3-year PFS was similar between 
the IFRT and observation arms (IFRT 93.8 vs. 
observation 90.7 %). However, the 95 % confi -
dence interval for the difference in PFS exceeded 
the prespecifi ed non-inferiority boundary of 7 %. 
Additionally, a number of patients randomized to 
the IFRT arm did not actually receive RT, and 
therefore, a secondary per-protocol analysis was 
performed, which showed a signifi cant improve-
ment in PFS with IFRT (3 years PFS with RT: 
97.1 % vs. no RT: 90.8 %,  p  = 0.02). The results of 
this trial are therefore diffi cult to interpret given 
the similarity in PFS on the intent-to-treat analy-
sis with a signifi cant difference demonstrated on 
the per-protocol analysis [ 20 ].  

    Treatment Field and Technique 

 With the advent of modern chemotherapy, IFRT 
became the standard radiation technique based on 
randomized trial data supporting the use of IFRT 
over an EFRT approach in the context of chemo-
therapy. Because patients with early-stage HL 
treated with chemotherapy alone most frequently 
relapse in the initially involved lymph node(s) 
[ 21 ], efforts have been made to reduce treatment 
fi elds to include only the initially involved lymph 
node(s) and exclude surrounding normal tissues. 
The EORTC-GELA introduced the concept of 
INRT [ 22 ], which uses all available clinical infor-

1 Hodgkin Lymphoma
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mation, including pre- and post-chemotherapy 
imaging with CT and FDG- PET scan to defi ne the 
treatment fi eld. The application of INRT relies on 
a pre-chemotherapy PET/CT scan to be per-
formed in the treatment position to facilitate 
fusion with the simulation scan. 

 However, it is a common scenario that pre- 
chemotherapy imaging is not available and has 
not been performed in the treatment position. As 
a result, the involved site radiation therapy (ISRT) 
guidelines were developed and similarly target 
the initially involved lymph nodes, allowing for a 

  Fig. 1.3    CT simulation scan with contours (axial slices). Pre-chemotherapy GTV ( red ), post-chemotherapy GTV 
( green ), CTV ( light blue ), PTV ( pink )         
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potentially larger margin based on the uncer-
tainty introduced by the lack of pre- chemotherapy 
imaging or inability to fuse such imaging accu-
rately [ 23 ]. ISRT fi elds were developed to take 
into consideration modern technology with the 
use of staging PET/CT scans, 3D, and 4D 
CT-based treatment planning, conformal treat-
ment techniques, and the use of image guidance 
in an effort to replace the approach of IFRT 
which was based on 2D treatment planning and 
bony anatomy. 

  In this patient ,  ISRT was utilized to target the ini-
tially involved lymph nodes  (Fig.  1.3 ).  A pre - 
 chemotherapy GTV was constructed to identify the 
areas of initial involvement. The patient had an 
excellent response to chemotherapy with no evidence 
of FDG-avid disease noted on their post - chemother-
apy PET / CT scan. Although a PET complete 
response was achieved ,  there was evidence of post -
 chemotherapy residual CT abnormality that was 
contoured as the post -  chemotherapy GTV. The CTV 
was then designed to encompass both the superior 

e f

g h

Fig. 1.3 (continued)
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and inferior extent but not axial direction of the pre - 
 chemotherapy GTV  (Fig.  1.2 ).  The CTV was modi-
fi ed to exclude normal anatomy and adjusted to take 
into account the change in normal anatomic position 
of the surrounding normal tissues. The CTV was 
expanded volumetrically to a margin of 5 mm to a 
fi nal PTV ,  keeping in mind that this is a neck site with 
reproducible immobilization ,  as opposed to a medi-
astinal location for instance ,  and therefore does not 
need as generous of an expansion  (Figs.  1.3  and  1.4 ).

     Low dose radiation delivered to a fi nal dose of 
20 Gy in 2 Gy fractions was planned using 3D 
conformal therapy. Beams were oriented in an 
AP / PA direction with wedges placed to improve 
dose homogeneity  (Fig .   1.5 ).

       Posttreatment Considerations 

 Given the evolution of RT fi eld design in the 
reduction of fi eld size and dose, it is diffi cult to 
interpret the current body of literature on 
RT-related late toxicities, which is heavily 
derived from patients who were treated with 
EFRT techniques. The patient described here, 
reported grade 1 fatigue and grade 1 esophagitis 
during the course of radiotherapy. At 2 years 
posttreatment, he has reported no sequelae with 
resolution of his fatigue as well as esophagitis. 

Long-term follow-up evaluating thyroid function 
tests will be important given the location of ISRT. 

 Long-term follow-up for such patients will be 
critical to understand how the reduction in fi eld 
sizes using ISRT and INRT translates in terms of 
the development of late toxicities [ 24 ]. 
Additionally, initial data on the use of smaller 
fi eld sizes has suggested that clinical outcomes 
are not sacrifi ced with the use of INRT or 
ISRT. Paumier et al., for example, reported a 92 % 
5-year PFS in patients with early-stage HL treated 
with INRT as per EORTC-GELA guidelines [ 25 ]. 
Similarly, Filippi et al. reported a 3-year relapse-
free survival of 99 % in stage IIA patients using 
an ISRT technique [ 26 ]. The current GHSG 
HD17 trial is open for newly diagnosed interme-
diate stage Hodgkin lymphoma, delivering two 
cycles of escalated BEACOPP and two cycles of 
ABVD followed by assessment of FDG-PET 
scan. Patients randomized into the standard arm 
receive IFRT regardless of PET response. Patients 
randomized into the experimental arm receive no 
further therapy if their PET is negative and receive 
INRT in patients if their PET scan is positive.   

    Clinical Presentation: Combined 
Modality Therapy for Early-Stage 
Unfavorable Patients 

  A 28 - year-old man presented with dyspnea on 
exertion and pleuritic chest pain. Further work -  up 
led to a chest X - ray which revealed mediastinal 
widening. A chest CT showed an anterior medias-
tinal mass measuring 9.5 × 5.0 × 4.5 cm ,  bilateral 
supraclavicular adenopathy, and presence of peri-
cardial effusion  ( see  Fig.  1.5 ).  Excisional biopsy 
of a supraclavicular node showed classical NSHL . 

    Staging and Prognostic Factors 

  The patient ’ s history was notable for a 2 - month 
progressive dyspnea on exertion ,  but absence of B 
symptoms or signs of superior vena cava syndrome. 
His physical examination showed a well -  healing 
biopsy scar in the left supraclavicular area and 
slight fullness in the right supraclavicular area. He 
has no other sites adenopathy and no organomeg-
aly. Laboratory studies showed a normal CBC with 

  Fig. 1.4    Intensity-modulated radiation therapy plan dem-
onstrating coverage of the CTV (shaded mustard) by the 
100 % isodose line ( red )       
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differential ,  and his ESR was 12 mm / h. PET / CT 
scan confi rmed FDG - avid disease limited to the 
bilateral supraclavicular fossa and anterior medi-
astinum  ( see  Fig.  1.6 ).  Although a pericardial effu-
sion was noted ,  there was no pericardial nodal 
disease or disease below the diaphragm .

    This patient did not have B symptoms and his 
laboratory fi ndings are within normal limits. He 
did not have bulky disease since his mediastinal 
mass ratio on chest X - ray is  < 0.33 ,  and his maxi-
mal disease dimension is  < 10 cm. However ,  he 
did have three sites of disease  ( bilateral supracla-
vicular and mediastinal disease )  and is therefore 
classifi ed as unfavorable according to the GHSG 
criteria but favorable by the EORTC criteria .  

    Treatment Management 

 In the treatment management of early-stage 
unfavorable- prognosis patients, investigators 
have explored chemotherapy regimens other than 
ABVD, the optimal duration of chemotherapy, 

and optimal radiation dose. Both the EORTC and 
HD11 studies H9U [ 27 ,  28 ] studies compared 
4–6 cycles of ABVD with four cycles of 
BEACOPP-baseline, followed by involved-fi eld 
radiation therapy to 20–30 Gy. No signifi cant dif-
ferences in a 4-year event-free survival (EFS) or 
overall survival were observed between 
BEACOPP and ABVD in the EORTC H9U trial. 
In the GHSG HD11 trial, although there was a 
signifi cantly higher 5-year freedom-from-treat-
ment failure (FFTF) in the four cycles of baseline 
BEACOPP arm over the four cycles ABVD arm 
if followed by 20 Gy of involved-fi eld radiation 
therapy, no difference was observed, and 30 Gy 
of involved-fi eld radiation therapy was used. 
Patients treated with baseline BEACOPP had a 
higher rate of severe toxicity. The GHSG HD14 
trial [ 29 ] compared four cycles of ABVD with 
two cycles of dose- escalated BEACOPP and two 
cycles of ABVD (2 + 2 regimen), followed by 
involved-fi eld irradiation to 30 Gy. Although the 
2 + 2 regimen had a signifi cantly improved 5-year 
FFTF, it was associated with more acute toxicity, 

  Fig. 1.5    Showing coronal pre-chemotherapy CT images, note the bilateral neck disease, bulky mediastinal mass, and 
the pericardial effusion       
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and there was no overall survival advantage. In a 
subset analysis of E2496 trial of patients with 
stage I–II bulky disease, there was no signifi cant 
difference in a 5-year failure-free, and overall 
survival rates between ABVD and radiotherapy 
versus Stanford V [ 30 ]. Given these data, ABVD 
remains the most widely accepted chemotherapy 
regimen for patients with early-stage, unfavor-
able disease in North America. The question of 
optimal chemotherapy duration was addressed by 
the EORTC- H8U and EORTC-H9U trials [ 27 , 
 31 ], both showing no difference in EFS between 
four versus six cycles of chemotherapy, suggest-
ing that in early-stage unfavorable patients, four 

cycles of ABVD is adequate. However, it should 
be noted that the GSHG HD11 excluded patients 
with stage IIB with large mediastinal adenopathy 
or extranodal disease. Instead, these patients 
were included in their advanced-stage trials. For 
patients with early-stage disease with multiple 
risk factors, a longer course of chemotherapy 
should therefore be considered. 

 The question of optimal radiation dose in 
unfavorable patients was addressed by the pre-
viously described GHSG HD11 trial [ 28 ] with a 
2 × 2 design comparing 20 Gy versus 30 Gy 
after four cycles of ABVD or baseline 
BEACOPP. At a median follow-up of 82 months, 

  Fig. 1.6    Showing the original disease on the pre-chemotherapy PET/CT       
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the 5-year freedom-from-treatment-failure rates 
were 81.1 %, 85.3 %, 86.8 %, and 87.0 %, 
respectively. There was no signifi cant difference 
in a 5-year FFTF rate between baseline 
BEACOPP and ABVD when followed by 30 Gy 
of IFRT; however, inferiority of 20 Gy cannot be 
excluded after four cycles of ABVD, leading to 
the authors’ conclusion of four cycles of ABVD 
followed by 30 Gy of radiation therapy as opti-
mal therapy for early-stage, unfavorable 
HL. Although the GHSG HD11 results do not 
support radiation dose de- escalation after 
ABVD in early-stage unfavorable patients, there 
are single institutional data showing that, espe-
cially if there is a complete metabolic response 
to chemotherapy, doses of 20–25 Gy may be 
adequate [ 32 ,  33 ]. 

  Our patient has unfavorable disease accord-
ing to the GHSG criteria ,  with having three sites 
of disease as his only risk factor. He received a 
total of four cycles of ABVD and achieved a com-
plete response  ( Deauville 2 ).  He then went onto 
receive ISRT to 30.6 Gy in 17 fractions .  

    Treatment Field and Technique 

  ISRT was utilized ,  targeting the initially involved 
lymph nodes ,  including the bilateral supracla-
vicular and mediastinal nodes ,  as detailed above . 
Figure  1.7a, b ,  shows the CTV and PTV on the 
planning CT and superimposed on the pre - 
 chemotherapy CT. The pericardial effusion was 
not considered part of the CTV, since pericardial 
effusions in this setting are often reactive in 
nature ,  and the suspicion level for any residual 
microscopic disease is low. Furthermore ,  its 
inclusion as part of the target volume would sub-
stantially increase doses to the heart .

    The patient was placed in an arms-down posi-
tion  ( an arms-down position would be especially 
important in a young woman to limit the amount 
of breast tissue in the treatment fi eld ).  The patient 
was planned with the deep inspiration breath - 
 hold  ( DIBH )  technique ,  which has been shown to 
signifi cantly reduce doses to the lungs ,  heart, and 
cardiac substructures. The butterfl y IMRT tech-
nique of using anterior beams of 300 °– 30 °  and 
posterior beams of 160 – 210 °  was used to limit 

the low-dose bath laterally. Coronal and axial 
images of the isodose distribution in  Fig.  1.8a, b , 
 show the sparing of the majority of the heart. The 
DVHs are displayed in  Fig.  1.9 .  With the butterfl y 
IMRT technique in DIBH position ,  a mean heart 
dose of 5.4 Gy and mean lung dose of 8.8 Gy 
were achieved. A mean dose to the left coronary 
artery was 7.1 Gy .

        Posttreatment Considerations 

  The patient experienced esophagitis and mild 
fatigue toward the end of the treatment course. At 
1 - month follow - up ,  these symptoms largely 
resolved. As part of follow - up ,  the patient will 
undergo annual thyroid function tests. The long - 
 term cardiac risk in this patient is expected to be 
signifi cantly lower than patients who were treated 
with full mantle fi eld to higher doses of radiation. 
Nevertheless ,  he will benefi t from close monitor-
ing of and minimizing traditional cardiac risk 
factors, including hypertension ,  hyperlipidemia , 
 and diabetes ,  and other lifestyle modifi cations 
such as healthy diet ,  regular exercise, and avoid-
ing tobacco use. A baseline cardiology evalua-
tion including resting and stress echocardiogram 
should be considered approximately 10 years 
posttreatment. If he were to have had a tobacco 
history ,  an annual low - dose chest CT screening 
for lung cancer should be considered approxi-
mately 10 years posttreatment .   

    Clinical Presentation: Refractory 
and Relapsed Disease 

  This patient is a 37-year - old man who was initially 
diagnosed with upper mediastinal classical HL in 
2009. He was treated with ABVD chemotherapy x 6 
cycles alone with no further adjuvant therapy. He 
recurred 6 months later in the mediastinum and 
received salvage therapy with ICE  ( e.g .,  ifosfamide , 
 carboplatin ,  and etoposide )  followed by 
busulfan / cytoxan preparation regimen with autolo-
gous peripheral stem cell transplant shortly thereaf-
ter and subsequently attained a CR. Three years later 
he had a CT scan for follow -  up that demonstrated an 
enlarging mediastinal lesion in the upper mediasti-
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num. A PET / CT demonstrated a 3 × 1.9 cm lobulated 
nodal conglomerate in the superior mediastinum 
anterior to the upper trachea with an SUV of 11.5 
with inferior extension into the retrosternal anterior 

mediastinum measuring 3.7 × 1.5 cm  (Fig.  1.10 ).  No 
other disease was identifi ed. The patient underwent 
core biopsy through an endobronchial approach  
( EBUS )  that confi rmed disease recurrence .

  Fig. 1.7    Showing the CTV ( red ) and PTV ( green ). Panel of the left is the CT simulation; panel of the right is the fuse 
pre-chemotherapy images       
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a b

  Fig. 1.8    ( a ) Showing the isodose lines, 100 % in red cov-
ering PTV and avoiding left ventricle as well as left coro-
naries. ( b ) Coronal view of the isodose lines, low-dose 

bath is limited by using butterfl y technique. The heart and 
its structure dose is also limited by using IMRT       
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      Pathology, Staging, and Prognostic 
Factors 

  Pathology at the time of relapse demonstrated 
numerous small mature lymphocytes with rare 
binucleate cells with prominent nucleoli seen. A 
panel of immunostains demonstrated that the large 
atypical cells are CD30 and CD15. The back-
ground lymphocytes are predominantly CD20-
positive B cells. In situ hybridization for EBV  
( EBER )  was negative. The lack of a mixed infl am-
matory background was unusual, but the morpho-
logic and immunophenotypic fi ndings in the setting 
of this patient ’ s history were consistent with clas-
sical HL. Historically ,  clinical factors that inde-
pendently predict for a more favorable outcome in 

the relapsed setting include nodal relapse site  ( as 
opposed to extranodal ),  early stage at relapse ,  and 
response to fi rst - line salvage chemotherapy  [ 1 ].  

    Treatment Management 

  Second and third - line therapies for HL still offer the 
potential for cure. Relapse occurs most often within 
4 years ,  but late relapse is still possible. There is a 
spectrum of treatment options including standard 
chemotherapy  ( with or without RT ),  RT alone ,  or 
high - dose chemotherapy followed by transplanta-
tion with or without RT. High - dose therapy sup-
ported by autologous stem cell transplantation  
( ASCT )  has become a standard salvage therapy for 
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  Fig. 1.10    Pre-chemotherapy PET/CT scan (axial slices) demonstrating the extent of disease in the upper mediastinum       
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patients who relapsed or those with primary refrac-
tory disease. Many patients who follow this 
approach could benefi t from integrating RT into the 
salvage approach. RT ,  in this context ,  can be given 
pre -  or post - transplant depending on the clinical 
scenario. The selection of the most appropriate sal-
vage regimen is based on several factors including 
the intensity of the primary therapy ,  whether a com-
plete remission was ever achieved ,  the durability of 
the remission ,  and the extent and location of dis-
ease at relapse. In this case ,  RT alone was recom-
mended given the presence of localized disease and 
the absence of systemic symptoms with the goal of 
potentially achieving a prolonged disease - free sur-
vival  [ 34 ].  Although the patient had failed standard 
salvage options including ASCT ,  there is evidence 
that patients can still achieve a high- response rate 
to salvage RT in the relapsed / refractory setting . 

  Ultimately ,  systemic failure is the most likely 
culprit to affect this patient ’ s likelihood for sur-
vival. Newer drugs to address systemic failure are 
promising including targeted therapy with brentux-
imab vedotin ,  an antibody - drug conjugate that tar-
gets CD30 that has shown excellent results in early 
clinical trials  [ 35 – 38 ].  A phase-II trial treated 102 
patients with relapsed / refractory disease with 
brentuximab until disease progression or unac-
ceptable toxicity with a goal of maximum of 16 
cycles. The median PFS for all patients was 
5.6 months, and the median duration of response 
for those that achieved a CR was 20.5 months. 
Grade 3 or higher adverse events were recorded in 
55  %  of the patient cohort with neutropenia  ( 20  %) 
 being the most common  [ 36 ]  Brentuximab is cur-
rently approved for patients with relapsed HL after 
ASCT or after at least two prior therapies. It has 
also been investigated as a bridge to ASCT for 
patients’ refractory to conventional chemotherapy .  

    Treatment Field and Technique 

 Patients with relapsed or primary refractory dis-
ease are typically treated with higher doses of RT 
and thus, may benefi t from more advanced treat-
ment techniques such as intensity-modulated 
radiation therapy (IMRT) or proton therapy to 
reduce dose to surrounding normal critical struc-
tures. In particular, IMRT or proton therapy may 
be particularly advantageous in treating the thorax 

to spare dose to the heart, lungs, and developing 
breast tissue or when treating the abdomen and 
pelvis to minimize dose to the highly radiosensi-
tive reproductive organs. In addition, higher rates 
of radiation pneumonitis have been demonstrated 
in the relapsed/refractory setting, and therefore, 
strategies to reduce dose to the thorax may be par-
ticularly important in this patient population [ 39 , 
 40 ,  42 ]. Recently published data has put forward 
guidelines that can be used when applying IMRT 
planning in an effort to respect critical organs 
while achieving coverage of the target even in 
relapsed refractory cases. Respecting a lung 
V5 < 55 % and a mean lung dose of <13.5 Gy was 
associated with a lower risk of pneumonitis. The 
use of deep inspiration breath-hold  technique was 
crucial for these plans to be able to meet critical 
organs restrictions [ 41 ]. The risk of pneumonitis 
with radiation increases in a patient who has been 
exposed to lung-toxic chemotherapy like bleomy-
cin, brentuximab, or busulfan. Therefore respect-
ing V5 and mean lung dose is essential [ 41 ]. 

 The ISRT guidelines were applied in this case to 
delineate RT volumes localized to the known site of 
recurrence in the mediastinum incorporating both 
the PET and CT abnormalities. In certain cases, a 
larger margin incorporating adjacent nodes may be 
appropriate in the absence of effective chemotherapy 
[ 23 ]. The GTV was contoured to incorporate the 
PET/CT abnormalities and then expanded to the 
CTV with a margin of 1.5 cm respecting normal tis-
sue boundaries including the surrounding lung and 
bone, which means that 1.5 will be edited accord-
ingly in all cases to end up less than 1.5 cm. A 4D CT 
scan was obtained to measure respiratory motion. 
There was minimal motion of the mediastinal mass 
noted with maximum motion of 3 mm in the lateral 
direction. The CTV was expanded volumetrically by 
a margin of 1 cm to the fi nal PTV (Fig.  1.11 ). An 
IMRT plan was delivered to a total dose of 45 Gy in 
1.8 Gy fractions using image guidance with cone 
beam CT scan on a daily basis (Fig.  1.12 ). The 
CBCT was aligned to the bone and then shifted to 
the soft tissue mass in the mediastinum.

        Posttreatment Considerations 

  This patient experienced grade 2 esophagitis 
during the course of therapy as well as grade 1 
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  Fig. 1.11    ( a –l): CT simulation scan with contours (axial slices). GTV ( green ), CTV ( blue ), and PTV ( light blue )         
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  Fig. 1.12    ( a – f ) IMRT plan demonstrating excellent conformal coverage of the PTV ( shaded purple ), CTV ( blue ), and 
GTV ( green ). ( g ) DVH demonstrating acceptable, low dose delivered to adjacent structures such as the heart and lungs         
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Fig. 1.11 (continued)
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fatigue. By 3 months ,  these acute side effects 
resolved. The patient will need to be evaluated 
for long - term cardiopulmonary toxicity given the 
location of his disease and his prior systemic 
therapy . 

 Patients with localized disease can be suc-
cessfully salvaged with radiation alone. The 
5-year freedom from treatment failure after 
radiation alone was 28 % in a study by the 
GHSG that examined 4,754 patients from 
their database, of which 100 patients were 
treated with RT alone at first treatment failure. 
Five-year overall survival was 51 %, and sig-
nificant prognostic factors included B symp-
toms and stage at relapse. In this study, median 
RT dose was 40 Gy [ 34 ]. Certainly doses of 
40 Gy and above are associated with potential 
long-term cardiopulmonary toxicity, particu-
larly in the context of patients previously 
treated with adriamycin and bleomycin. 
However, these concerns must be balanced 
against the risk of relapse that would be nearly 
uniformly fatal.   

    Clinical Presentation: Advanced Stage 

  A 28-year-old woman developed enlarging ,  non - 
 tender cervical lymphadenopathy ,  but did not come 
to medical attention until she developed painful left 
axillary lymphadenopathy several months later. In 
the emergency room ,  she had an upright chest 
X - ray that showed a widened mediastinum that 
was greater than 1 / 3 of the width at the T5 / 6 level. 
She had no B symptoms. She was admitted to the 
hospital and underwent CT of the neck and chest 
that showed a large mediastinal mass measuring 
7.5 × 7.2 cm as well as cervical ,  supraclavicular , 
 and axillary adenopathy. CT abdomen and pelvis 
showed enlarged nodes below the diaphragm in the 
gastrohepatic ligament  ( 3 × 2 cm ). 

    Pathology, Staging, and Prognostic 
Factors 

  A biopsy of a cervical lymph node confi rmed a 
diagnosis of nodular sclerosing HL. She had a 

g

Fig. 1.12 (continued)
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PET / CT that demonstrated FDG - avid lymphade-
nopathy consistent with the CT scan with the 
mediastinal mass measuring 8 cm and an SUV of 
16.6  (Fig.  1.13 ).  There was also uptake in the 
region of the gastrohepatic and celiac axis lymph 
nodes ,  suspicious for additional sites of lympho-
matous involvement .

    In keeping with the aforementioned recom-
mendation for bone marrow biopsy in patients 
with either stage III / IV disease or B symptoms , 
 this was done but was negative. Thus ,  she was 
diagnosed with classic HL ,  stage IIIAX  ( X desig-
nating bulky disease ).  Using the advanced-stage 
international prognostic score  ( IPS ),  which is 
based on seven parameters that predict poor out-
come  ( male sex ,  age  ≥ 45 years ,  stage IV ,  hemo-
globin  < 10   5    g / L ,  WBC count  ≥ 15  ×  10   9  / L , 
 lymphocyte count  < 0.6  ×  10   9  / L or  < 8  %  of 
 differential ,  albumin  < 40 g / L ),  this patient ’ s IPS 
was 2, based on a low albumin and hemoglobin , 
 putting her into a favorable risk category . The 
IPS was developed using 5141 stage III/IV 
patients treated with multi-agent chemotherapy 
with or without radiation. The higher the score, 
the worse the 5 years of progression-free survival 

ranging from 84 % with a score of 0–42 % for a 
score of 5 or higher. The IPS still has prognostic 
value in the era of modern diagnosis and treat-
ment, although the outcomes are generally better, 
and the range is much narrower than in the origi-
nal 1998 report [ 44 ].  

    Treatment Management 

 The cornerstone of treatment for advanced-stage 
HL is intensive multi-agent chemotherapy, but 
the choice of regimen is controversial. In the 
1970s, 6–8 cycles of ABVD replaced MOPP 
(mechlorethamine, vincristine, procarbazine, and 
prednisone) as long-term studies demonstrated 
improved effi cacy with improved toxicity [ 45 , 
 46 ]. Through a series of randomized trials (HD9, 
HD12, HD15), the GHSG has demonstrated that 
six cycles of dose-escalated BEACOPP have 
superior freedom from relapse and survival com-
pared to hybrid regimens and other schedules of 
BEACOPP [ 7 ,  47 ,  48 ]. However, many practitio-
ners in the United States have been slow to adopt 
BEACOPP due to its perceived excessive toxic-
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  Fig. 1.13    ( a – d ) Stage IIIAX: pre-chemotherapy PET/CT scan (axial slices) demonstrating bulky mediastinal disease, 
pericardial disease, and gastrohepatic lymphadenopathy       
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ity, especially related to fertility and second can-
cers, as well as its requirement for hospital 
admission. The EORTC 20012 study compared 
ABVD x 8 vs. BEACOPP (four-escalated/four- 
standard dose) without radiation in 549 high-risk 
stage III/IV patients. In their preliminary report 
at a median follow-up of 3.8 years, they found a 
progression-free survival difference in favor of 
BEACOPP (72.8 % vs. 83.4 % at 4 years, 
HR = 0.58,  p  = 0.005) [ 49 ]. However, there was 
not a signifi cant overall survival difference 
(86.7 % vs. 90.3 % at 4 years, HR = 0.71, 
 p  = 0.208). A Cochrane review evaluated the rela-
tive benefi ts of using an escalated BEACOPP- 
based regimen compared to an ABVD-based 
regimen in advanced-stage HL patients. In this 
analysis of fi ve eligible trials, which did not 
include EORTC 20012, the authors concluded 
that advanced-stage HL patients have a 
progression- free, but no clear, overall survival 
benefi t from escalated BEACOPP compared to 
ABVD [ 50 ].  This patient opted for treatment with 
ABVD chemotherapy. After two cycles ,  she had a 
PET / CT that showed a very good response over-
all with resolution of all the disease other than 
the right supraclavicular region and the medias-
tinum. The mediastinal mass still measured 
6.4 × 4 cm with an SUV that was 3.6 ,  above the 
level of the liver  ( Deauville 3 ).  She went on to get 
four additional cycles of ABVD ,  and a fi nal 
PET / CT showed that the mediastinal mass had 
shrunk further ,  now measuring 4.6 × 1.7 cm. The 
SUV was 2.6 ,  just above the mean liver SUV  
( 2.2 ).  The patient was referred for consideration 
of radiotherapy after a multidisciplinary review . 

 The decision to add radiotherapy after effec-
tive chemotherapy in advanced-stage patients is 
diffi cult but depends on what chemotherapy was 
given as well as the anatomic response (CT-based) 
and metabolic response (PET-based). When 
using an intensive regimen such as escalated 
BEACOPP, the role of radiation is quite selective. 
In the HD12 trial done in the pre-PET era, 
patients with initially large disease (>5 cm) and 
those with residual disease after  BEACOPP- based 
chemotherapy were randomly assigned to radio-
therapy with 30 Gy or no RT. They found that 
radiation improved disease control, especially in 
those patients with CT-detected residual disease 

[ 48 ]. In the GHSG HD15 trial, which compared 
various schedules/cycles of BEACOPP, radio-
therapy was reserved for subjects with PET- 
positive residual masses that measured at least 
2.5 cm [ 7 ]. In these patients treated with 
BEACOPP, PET-negative patients had an impres-
sive 4-year PFS of 91.5 %; however PET-positive 
patients who were irradiated had a 4-year PFS of 
86.1 %. Interestingly, those PET-positive patients 
that had poor shrinkage by CT (less than 40 %) 
had an even greater risk of relapse [ 51 ]. When 
less intensive chemotherapy regimens are used, 
the role of radiation becomes less clear, but indi-
cators such as initial bulk, residual disease on CT, 
and FDG-avidity are commonly used to argue for 
the addition of RT to patients in apparent remis-
sion after chemotherapy. The EORTC random-
ized stage III/IV patients in complete remission 
after treatment with MOPP/AVD chemotherapy 
to IFRT (30 Gy) or observation. There was no 
difference with the addition of radiation in 
patients in a CR [ 52 ]. The patients who only 
achieved a partial response were all radiated with 
IFRT, and their PFS and OS were similar to those 
patients in a CR [ 53 ]. The authors argued that this 
equivalence with complete responders argues in 
favor of radiating sites of residual disease. In this 
patient, she not only had a residual mass after six 
cycles of ABVD that was minimally FDG-avid, 
but her interim PET/CT after two cycles showed 
only a partial response. Interim PET responses 
after two cycles of ABVD are actually more pre-
dictive than the IPS in advanced-stage patients 
[ 54 ]. The predictive value of PET response after 
two cycles was confi rmed using the Deauville 
scale, with 1–3 scored as negative and 4–5 as 
positive. The 3-year PFS was 28 % for those with 
positive interim scans and 95 % for patients with 
negative interim scans [ 55 ]. The precise way to 
use interim PET/CTs is still being studied, but 
her negative interim scan suggests that she will 
have a good prognosis provided that her residual 
masses are controlled.  

    Treatment Field and Technique 

 Radiotherapy of patients with stage III/IV 
requires a realistic understanding of how radia-
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tion fi ts into the picture. Patients are generally 
referred for anatomic residual in a few limited 
sites in a patient that has achieved a CR every-
where else. The concept of ISRT in the advanced- 
stage patient abandons the goal of trying to 
radiate every previously PET-avid site of disease. 
Rather, RT is focused on the anatomic residual 
GTV, plus CTV expansions to account for errors 
in fusion of the pre-chemotherapy scans [ 23 ]. 
Doses have ranged from 20 to 30 Gy in the trials 
where radiotherapy has been tested in advanced- 
stage patients in CR. In the modern era, where 
radiation oncologists are asked to treat residual 
masses that may or not be PET-avid, 30 Gy is a 
reasonable choice based on the EORTC and 
HD15 studies [ 7 ,  53 ].  In this patient ,  the CTV 
encompassed the residual mass as well as the 
adjacent regions involved initially by PET - avid 
disease. In order to minimize pulmonary toxicity , 
 the axillae were excluded ,  especially since they 
responded completely . Cardiac toxicity is a diffi -
cult problem when there is contiguous extension 
of the residual disease along (or directly anterior 

to) the heart. Conformal treatments like IMRT or 
proton therapy may be considered in order to 
maximally spare the heart, lung, and breast tis-
sue. In advanced-stage patients who have gener-
ally received multiple cycles of multi-agent 
chemotherapy and who have a slimmer margin of 
benefi t from radiation, careful attention should be 
paid to organs at risk. Figure  1.14   shows repre-
sentative axial images of the CT simulation scan 
showing CTV  ( red )  and PTV  ( blue )  to the area of 
mediastinal residual disease but also including 
the original mediastinal FDG avid sites. The 
sites omitted were bilateral axillae ,  pre - cardiac 
disease ,  bilateral neck, and abdominal disease . 
To support this treatment approach, MD 
Anderson Cancer Center published a retrospec-
tive study on 104 patients with stage III Hodgkin 
lymphoma and showed an improvement in local 
control and disease-free survival and overall sur-
vival when treating the initially bulky disease 
sites. This was true mainly for mediastinal 
 locations although benefi ts were also seen for 
both bulky axillary and neck locations. Since the 

  Fig. 1.14    Showing the axial images of the CT simulation, CTV ( red ), and PTV ( blue )       
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abdominal disease relapse was very low, the 
authors recommended not to include originally 
involved abdominal disease [ 64 ].

   Additionally, adding either the axilla or the 
pre-cardiac disease will increase the toxicity to 
the lung and heart and will outweigh the benefi t 
in this case. Figure  1.15  shows how the lung dose 
will increase substantially when trying to include 
both mediastinum and axilla, especially when 
breath hold is not feasible.

        Clinical Presentation: Large Volume 
Disease and Toxicity Limitations, 
When to Omit Radiation 

  An 18-year-old woman noticed bilateral cervical 
adenopathy that did not resolve with antibiotics. 
An excisional biopsy revealed nodular sclerosing 
Hodgkin lymphoma, and subsequent PET / CT 
demonstrated hypermetabolic nodes in the bilat-
eral necks ,  mediastinum ,  periesophageal ,  and 
left diaphragmatic regions  (Fig .   1.16 ).  An upright 
CXR confi rmed that she had bulky mediastinal 
disease. She had no B symptoms ,  her ESR was 2 , 
 and her other laboratory studies were unremark-
able. Thus ,  she had stage IIAX classic HL ,  an 
unfavorable disease due to the number of sites of 
disease and bulk. She was put on prednisone 
while she underwent egg banking, and her cervi-
cal adenopathy partially resolved. An echocar-
diogram revealed normal ejection fraction and 
no valvular abnormalities. Her pulmonary func-
tion tests were unremarkable .

    Her interim PET / CT after three cycles of 
ABVD showed a complete metabolic response  
( Deauville 2 ),  but there was still a residual mass 
in the mediastinum and along the left side of the 
heart. The left-sided pericardiophrenic disease 
shrank to 1 × 1 cm. She developed a cough, and 
pulmonary function tests showed a decrement in 
her DLCO ,  so her fourth cycle of ABVD was 
given without bleomycin, and she was started on 
prednisone for bleomycin pneumonitis. She was 
referred for consideration of radiotherapy. In this 
case ,  the decision to use combined modality ther-
apy is not so clear . 

    Cardiac and Pulmonary Toxicity 

 Figure  1.17   shows a photon plan using an 
anterior -  posterior / posterior - anterior fi eld 
arrangement prescribed to 30 Gy. The mean lung 
dose is 11.6 Gy, and the lung V20 is 30  %.  The 
mean heart dose is 29 Gy . The risks and benefi ts 
of a combined modality approach in this case 
may favor using chemotherapy alone, especially 
with regard to acute pulmonary and late cardio-
vascular risks. The risk of radiation pneumonitis 
in lymphoma patients is generally lower than the 
risk in lung cancer patients, who often have sig-
nifi cant smoking history and comorbid chronic 
obstructive pulmonary disease. The risk of pneu-
monitis in patients treated initially with chemo-
therapy and consolidative radiation ranges from 3 
to 13 % [ 41 ,  43 ]. Koh et al. recommended keep-
ing mean lung doses below 14 Gy and V20 less 
than 36 % [ 43 ]. Fox et al. noted that mean lung 
doses above 13.5 Gy and V20 over 33.5 % pre-
dicted for radiation pneumonitis [ 40 ]. Cella et al. 
found that symptomatic radiation pneumonitis 
occurred more frequently with a left-lung V30 
cutoff of 32 % [ 56 ].  In this patient ,  the mean lung 
dose  ( 11.6 Gy )  and V20  ( 30  %)  predict a rela-
tively low risk of clinically signifi cant radiation 
pneumonitis ,  but one must keep in mind that she 
had developed symptomatic bleomycin - induced 
pneumonitis that required a course of steroids. 
Although bleomycin exposure in particular has 
not been shown to increase the risk of radiation 

  Fig. 1.15    Increased lung dose in patients when attempt-
ing to include both mediastinal and axillary diseases       
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pneumonitis ,  it is generally advisable to obtain 
pulmonary function testing and delay radiother-
apy until patients have fully recovered from 
bleomycin -  induced pneumonitis if possible .

   In the kilovoltage era, many thought that the 
heart was radioresistant, but with the advent of 
megavoltage linear accelerators, it became clear 
that the heart should be protected when possible. 
Exactly how much radiation dose the heart can 
tolerate depends in part on how long patients are 
followed [ 57 ]. In a study of 1,279 Hodgkin 
patients treated between 1969 and 1998, the rates 
of clinically signifi cant cardiac events accumu-

lated over time: 2.2 % at 5 years, 4.5 % at 10 
years, 9.6 % at 15 years, and 16 % at 20 years 
[ 58 ]. Late cardiac complications include both 
ischemic and valvular problems. In a study of 
1,474 HL survivors treated between 1965 and 
1995, the 30-year cumulative incidence of cardio-
vascular disease was 34.5 % (12.9 % myocardial 
infarction and 19.7 % valvular problems) [ 59 ]. 
The risk of cardiac complications also depends on 
how closely you look. Wethal and colleagues 
reported on a longitudinal study of Hodgkin lym-
phoma survivors treated with ~40 Gy without car-
diac shielding using serial echocardiography at a 
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  Fig. 1.16    Stage IIAX: pre-chemotherapy PET/CT scan (axial slices) demonstrating bulky mediastinal disease, pericar-
dial disease, and gastrohepatic lymphadenopathy       
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  Fig. 1.17    Large volume stage IIAX. Unacceptable 
AP-PA plan prescribed to 30 Gy: ( a ) DVH demonstrating 
a high dose to the heart ( orange , mean heart dose 29 Gy) 
and borderline acceptable dose to the lungs ( dark purple ) 

and breast ( pink ). ( b ) AP fi eld beam’s eye view showing 
the CTV ( green ) and heart ( orange ). ( c ) Dose-color wash 
of AP-PA plan showing axial ( top ) and coronal ( bottom ) 
views       
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median of 22 years after treatment. They found 
that 39 % of survivors had developed late mild to 
severe aortic stenosis [ 60 ]. Some attempts have 
been made to model the risk of cardiac disease 
based on dosimetric parameters. The risk of 
severe valvular problems appears to be correlated 
with dose, increasing from a factor of 1.4-fold at 
30 Gy up to 11.8-fold over 40 Gy [ 61 ]. There is a 
paucity of data that predict toxicity related to par-
tial volumetric parameters in lymphoma survi-
vors; however, mean heart dose has been 
hypothesized to be a determinant of radiation-
related cardiac disease in breast cancer with a 
relative risk of 7.4 %/Gy [ 62 ]. Although this esti-
mate may be fl awed based on the methods used to 
reconstruct implied dose volume histograms on 
phantoms, there are other data that corroborate 
the risk of late cardiac toxicity with low-moderate 
radiation doses. A meta-analysis has linked low 
to moderate doses of radiation to cardiovascular 
disease at an estimated excess risk of 2.5 %/Sv 
[ 63 ].  In this patient ,  is a mean heart dose of 29 Gy 
safe ?  We would argue that such a plan is unac-
ceptable. In an 18-year-old with a highly curable 
disease ,  30 - year toxicity is very important. Rather 
than expose her to excess risk from late radiation 
complication with the plan shown in  Fig.  1.17 , 
 alternative strategies should be used . 

  Although it may be tempting to stop after four 
cycles given her complete metabolic response 
after three cycles ,  the H10 trial suggests that this 
approach is fraught with risk of a high relapse 
rate  [ 19 ].  This patient was treated with two addi-
tional cycles of modifi ed chemotherapy  ( AVD ) 
 without bleomycin due to her pulmonary reac-
tion. The chemotherapy-only arm of the HD6  
trial   did have good long-term survival ,  and six 
cycles of A ( B )  VD for this young woman with 
unfavorable risk stage IIA HL are a reasonable 
alternative to combined-modality therapy .  

    Posttreatment Considerations 

  This patient tolerated the rest of her chemother-
apy without complications. She resumed normal 
menstrual cycles 4 months after fi nishing ther-

apy. Given the exposure to Adriamycin ,  it was 
recommended that she follow a regular exercise 
routine aimed at cardiovascular health. She did 
not smoke and was advised not to start as she 
headed off to college as she followed the recom-
mended survivorship follow-up plan  [ 24 ]. 

   Conclusions 

 The management of patients with HL should 
be customized based on a variety of factors 
including pathologic, radiologic, and response 
criteria. Radiation fi elds and doses have sub-
stantially reduced over time as we have 
learned how to better incorporate radiation 
with optimized combined modality manage-
ment. In addition, patient factors including 
comorbidities, family history, and reliability 
for follow-up affect management and infl u-
ence the decision regarding the radiation 
approach utilized. Unanswered questions 
remain to further tailor radiotherapy fi elds and 
approaches in an effort to defi ne the optimum 
therapeutic ratio for each patient.       
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      Diffuse Large B-Cell Lymphoma                     

     N.     George     Mikhaeel       and     Lena     Specht     

    Abstract  

  In this chapter, illustrative cases of diffuse large B-cell lymphoma 
(DLBCL) are presented, followed by a discussion of the appropriate eval-
uation and management, with a focus on the role of radiotherapy.  

       Clinical Presentation: Combined 
Modality Therapy for Early-Stage 
Diffuse Large B-Cell Lymphoma 

  A 34-year-old man with no prior morbidities or 
admissions to a hospital noticed a swelling in the 
right side of the neck in the beginning of January 
2012. He was referred to an ENT surgeon in 
March 2012. On clinical examination the patient 
had a 5 × 3 × 2 cm lymph node in the right sub-
mandibular region. No other abnormalities. No B 
symptoms. Performance status 0.  

    Pathology 

  An enlarged lymph node was removed for micro-
scopic examination. It showed a lymph node with 
totally effaced architecture, dominated by diffuse 
proliferation of large centroblastic cells with 
vesicular nuclei, sometimes with membrane- 
bound nucleoli. Scattered mitoses and apoptotic 
cells. Scattered reactive lymphocytes. The tumor 
cells were positive for CD20, CD79a, CD10, 
BCL2, CD38, and in focal areas for CD30. They 
were negative for CD3, CD5, CD15, CD23, 
CD43, and Cyclin D1. Ki-67 was 70 %. A diag-
nosis of diffuse large B-cell lymphoma (DLBCL), 
centroblastic variant, and germinal center B-cell- 
like (GCB) type  was made. 

 There are three common morphologic variants 
of DLBCL, centroblastic, immunoblastic, and 
anaplastic [ 1 ]. The centroblastic variant is the 
most common one. Gene expression profi ling has 
identifi ed two subgroups of DLBCL, germinal 
center B-cell-like (GCB), and activated peripheral 
B-cell-like (ABC) [ 2 – 4 ]. The GCB-subgroup has 
a better prognosis than the ABC-subgroup also 
with modern rituximab-containing  chemotherapy 
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[ 5 ]. Gene profi ling studies of the tumor microen-
vironment have also shown prognostic infl uence 
of the nonmalignant cell populations [ 5 ]. 
Immunophenotypical subdivision into GCB and 
non-GCB has been proposed by several groups 
[ 6 – 10 ]. CD10 positivity is invariably associated 
with the GCB type. However, the immunopheno-
typical subdivisions have not consistently been 
shown to be prognostic, and they have not gained 
wide use in the clinical management of patients 
[ 11 ]. CD20 is virtually always positive, and it is 
the basis for the effect of anti- CD20 antibodies. 
BCL2 occurs in 20–30 % of cases and may indi-
cate transformation from a follicular lymphoma, 
but it does not seem to have prognostic impor-
tance, at least in the GCB- subgroup [ 8 ]. The pro-
liferation fraction as detected by Ki67 staining is 
usually high (well over 40 %) and may be greater 
than 90 %. However, in most studies it did not 
show prognostic importance [ 7 ,  12 ,  13 ]. Recent 
research has demonstrated a particularly poor 
prognosis if there is  both  MYC translocation  and  
BCL2 or BCL6 expression, so-called double hit 
[ 14 – 16 ]. MYC and BCL6 were not performed in 
the present patient.  

    Staging and Prognostic Factors 

  The patient was referred to a hematological 
department and was staged with clinical exami-
nation, blood tests, whole-body PET/CT, and 
bone marrow biopsy. An enlarged PET+ lymph 
node measuring 3 cm in largest diameter was 
found in the right side of the neck close to the site 
where the diagnostic lymph node was removed  
( see  Fig .   2.1 ) . The largest diameter of the com-
bined conglomerate of the involved lymph nodes 
was less than 7.5 cm. No other pathological 
lesions were found. LDH was normal. The bone 
marrow biopsy was negative. The patient was 
therefore in stage IA according to the Ann Arbor 
classifi cation  [ 17 ]  with involvement solely in the 
right upper neck. 

    Prognostic indices have been developed for 
aggressive lymphomas. This patient had no risk 
factors according to the International Prognostic 
Index (IPI) (risk factors: Ann Arbor stage III–IV, 

>1 extranodal site, high LDH, age >60 years, 
performance status ≥2 (ECOG))  [ 18 ] , according 
to the age-adjusted IPI (risk factors: Ann Arbor 
stage III–IV, high LDH, performance status ≥2 
(ECOG))  [ 18 ] , and according to the modifi ed IPI 
for early-stage disease (risk factors  : age >60 
years, stage II disease, high LDH, performance 
status ≥2 (ECOG))  [ 19 ] . Bulky disease is usually 
defi ned as 7.5 cm. Therefore, this patient had 
localized non-bulky disease, stage IA, with no 
risk factors.   

    Treatment Management 

  The patient was treated with three cycles of 
R-CHOP (rituximab, cyclophosphamide, adria-
mycin, vincristine, prednisone) given every 3 
weeks. After this, the patient was treated with 
radiation therapy (RT) to the initially involved 
lymphoma volume (involved site radiotherapy 
(ISRT)  [ 20 ] ) to a dose of 30 Gy given in 15 frac-
tions with fi ve fractions per week. Apart from 
some pain on swallowing, which was treated with 
paracetamol, he had no acute side effects. PET/
CT scanning performed 2 months after the end of 
RT showed complete metabolic response. On CT 
a small residual node measuring 1.2 × 0.7 cm 
could be seen in the right upper neck. The patient 
has since been seen for regular follow-up. There 
has been no sign of recurrence for 2½ years.  

 Brief systemic treatment with immunochemo-
therapy plus ISRT is an excellent treatment for 
patients with low-risk, non-bulky, early-stage 
DLBCL with a 2-year progression-free and over-
all survival over 90 % [ 21 ]. Randomized trials 
testing the value of RT are only available from 
the pre-rituximab era [ 19 ,  22 – 24 ]. They have 
been criticized for many reasons [ 25 ], and they 
are of limited interest after the introduction of 
rituximab. 

 The NCCN Guidelines mention as an alterna-
tive six cycles of R-CHOP with or without subse-
quent ISRT [ 26 ]. Full chemotherapy is probably 
advisable in patients with risk factors, such as 
bulky disease or an elevated LDH, although no 
randomized trials exist to support this. However, 
full chemotherapy comes at the price of an 
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increased risk of cardiac failure from anthracy-
clines [ 27 ]. Even with full chemotherapy, omis-
sion of RT will lead to a decrease in the chance of 
durable local control [ 28 ].  

    Treatment Volume and Technique 

 In the combined modality setting, modern immu-
nochemotherapy is relied upon to eradicate 
microscopic disease. RT is delivered as consoli-
dation therapy after the systemic chemotherapy. 
The detailed guidelines on modern RT for nodal 
non-Hodgkin lymphoma have been recently pub-
lished by the International Lymphoma Radiation 
Oncology Group (ILROG) [ 20 ]. 

 The clinical target volume (CTV) that should 
be irradiated to the prescribed dose should encom-
pass the initial macroscopically involved lym-
phoma volume (GTV) before any intervention. 
The pre-chemotherapy-staging PET/CT scan of 
the patient is seen in Fig.  2.1 . The GTV was con-
toured on this scan, the PET positive volume was 
contoured in light blue, and the whole GTV as 
seen on CT was contoured in red (see Fig.  2.2 ).

    The patient’s planning CT scan after the end 
of the immunochemotherapy was performed with 
the patient in roughly the same position as the 
pre-chemotherapy-staging PET/CT scan. This 

allowed fusion of the pre- and post- chemotherapy 
images, and the GTV was imported to the plan-
ning CT image  ( see  Fig .   2.3 ) . 

    The CTV was then contoured on the post- 
chemotherapy, planning CT scan using informa-
tion from the pre-chemotherapy PET/CT scan, but 

  Fig. 2.1    Pre-chemotherapy-staging PET/CT scan of patient with early-stage diffuse large B-cell lymphoma       

  Fig. 2.2    Pre-chemotherapy PET/CT scan. PET+ volume: 
 light blue . GTV:  red        
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taking into account tumor shrinkage and other 
anatomic changes. The CTV encompasses the 
GTV and the tissue volume which contained the 
lymph node, which was removed for diagnosis. 
The CTV was modifi ed to account for anatomical 
changes during chemotherapy, excluding normal 
structures such as muscles that were clearly never 
involved. The CTV was also modifi ed and some-
times enlarged to account for uncertainties in the 
image fusion and the position of the patient. The 
CTV in this patient is shown in pink in  Fig .   2.4  . 

    As there is very little movement in the neck, no 
internal target volume (ITV) was contoured. A 
planning target volume was created adding a 
margin of 5 mm to the CTV to account for setup 
uncertainties in patient positioning and align-
ment of the beams during treatment planning and 
through all treatment sessions, see  Fig .   2.5  . 

    Treatment planning was then performed, 
using volumetric arc treatment, and the 
 prescribed dose volume conforms excellently to 
the PTV  ( see  Fig .   2.6 a–c  ) . 

  Fig. 2.3    Post-chemotherapy-planning CT scan: Pre- chemo 
GTV:  red . Pre-chemo PET+ GTV:  light blue . (Pre- and post-
chemotherapy images were fused with some adjustment for 
slightly different positions in the two images)       

  Fig. 2.4    Post-chemotherapy-planning CT scan. CTV: 
 pink . Pre-chemotherapy GTV:  red . Pre-chemotherapy 
PET + volume:  light blue        

  Fig. 2.5    Post-chemotherapy-planning CT scan. CTV: 
 pink . PTV:  Light blue        
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  Fig. 2.6    ( a ) Treatment plan, showing doses above 95 % 
of prescribed dose. ( b ) Treatment plan in coronal view. ( c ) 
Dose/volume histogram. CTV:  pink . PTV:  light blue . 

Spinal cord:  purple. Right and left  parotids:  dark blue. 
Right and left  submandibular gland:  green        
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    The prescribed radiation dose was 30 Gy in 
15 fractions with fi ve fractions per week. The 
choice of dose was based on the large prospec-
tive, randomized trial from the United Kingdom, 
showing no difference between doses of 30 Gy 
and 40 Gy in high-grade lymphomas  [ 29 ] .   

    Posttreatment Considerations 

  As can be seen from the treatment plan, some of 
the right side of the pharynx will receive close to 
the prescribed dose. This means that, when the 
patient is about 1 week into the treatment, some 
pain and discomfort may be elicited from this 
area, in particular when the patient eats. This 
condition should be treated with analgesics. It is 
an acute side effect, and it is expected to resolve 
about 2 weeks after the end of therapy.  

 The lymphoma was originally located very 
close to the right parotid and submandibular 
glands; hence, particular attention was given to 
spare these glands as much as possible. 

 About 50 % of the right submandibular gland 
receives the prescribed dose of 30 Gy. Fortunately, 
the submandibular gland tolerates doses up to 
36 Gy, and the patient is not expected to experi-
ence any reduction in the saliva from the right 
submandibular gland. The left submandibular 
gland receives very little radiation. 

 About 80 % of the right parotid receives 26 Gy 
or more, which is the constraint normally used in 
head and neck cancer, and the saliva production 
from these glands will be somewhat decreased 
after RT. However, as the left parotid gland 
receives very little radiation, it is expected that 
there will be very little xerostomia after treat-
ment. Still, the patient should be instructed in 
good oral hygiene and regular dental examina-
tions. The radiation dose is so low that osteora-
dionecrosis is not an issue. 

 Most patients like this one, who are treated to 
small volumes with conformal techniques and to 
modest radiation doses, experience very little 
long term side effects from the treatment. As 
mentioned above, a patient like this one, with 
stage IA DLBCL, GCB type, no risk factors and 
no bulky disease, has a very good chance (over 

90 %) of being permanently cured with brief 
immunochemotherapy followed by ISRT to 
30 Gy [ 21 ,  28 ,  30 ].   

    Clinical Presentation: Diffuse Large 
B-Cell Lymphoma, Bulky Abdominal 
Mass, and Primary Refractory 
Disease 

  A 58-year-old female with no previous medical 
history presented with abdominal pain and nau-
sea. On examination, there was an ill-defi ned 
mass in the right upper quadrant. An infection 
work-up including virology was negative. A CT 
scan of the abdomen revealed a large abdominal 
mass 14.3 × 10.3 cm in the axial dimension and 
13 cm in the craniocaudal dimension with medial 
displacement of the right kidney. There was exter-
nal compression of the inferior vena cava without 
complete obstruction. A CT-guided percutaneous 
biopsy showed diffuse large B-cell lymphoma 
(DLBCL).  

    Pathology 

  Microscopic examination of the mediastinal mass 
biopsy showed sheets of malignant large lympho-
cytes which were CD79a+, CD20+ confi rming 
B-cell origin. Further immunohistochemistry 
confi rmed activated B-cell subtype of DLBCL, 
which is MUM1+, BCL2+, BCL6+, p53+, 
CD30+/−, CD10+/− with proliferation fraction 
(Ki67) > 90 %. In situ hybridization showed no 
MYC, IgH, BCL2, or BCL6 rearrangements. The 
subclassifi cation of DLBCL is discussed under 
the previous case.   

    Staging and Prognostic Factors 

  The patient was referred to the lymphoma team 
and was staged with clinical examination, blood 
tests (including CBC, serum biochemistry, LDH), 
whole-body FDG-PET/CT, and bone marrow 
biopsy (BMB). PET/CT revealed stage II disease 
with large abdominal mass spanning over the 
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  Fig. 2.7    Initial PET/CT and CT abdomen showing right bulky abdominal mass       

upper and lower mesenteric area with increased 
FDG uptake (SUVmax 18.5). There was no evi-
dence of involvement above the diaphragm  ( see  
Fig .   2.7 ) . Prognostic indices are discussed under 
the previous case. 

       Treatment Management 

 The case was discussed in the lymphoma multi-
disciplinary meeting (MDM), and the histologi-
cal diagnosis and the stage of disease (IIA bulky) 
were confi rmed. The International Prognostic 
Index (IPI) was 1 (elevated LDH), i.e., low-risk 
group, and the age-adjusted IPI was also 1. A 
treatment plan was recommended to administer 
R-CHOP-21 immunochemotherapy given every 
3 weeks for six cycles followed by consolidation 
radiotherapy (RT) to the bulky disease site. 

 The treatment of choice for advanced DLBCL 
(stage III + IV or early stage with bulky disease) 
is immunochemotherapy with R-CHOP-21 
(rituximab, cyclophosphamide, doxorubicin, 
vincristine, prednisone given on day 1 every 21 
days) for six cycles. R-CHOP has been shown to 
be superior to CHOP alone in phase 3 random-
ized trials [ 31 – 33 ]. Although CHOP given every 
14 days (CHOP-14) is superior to CHOP-21, the 
same does not hold true when rituximab is added. 
A large phase 3 randomized study showed that 

there was no difference between R-CHOP-21 
and R-CHOP-14 [ 34 ]. Eight cycles of chemo-
therapy have not been found to be better than six 
cycles [ 35 ]. 

 This patient had bulky disease which is a rec-
ognized risk factor, although it is not included in 
the IPI which classifi es her as “low risk” (IPI 0–1) 
[ 18 ]. A signifi cant proportion of recurrences 
occur in previous sites of involvement, particu-
larly the bulky sites. RT to sites of bulky disease 
has been traditionally used as a consolidation 
after chemotherapy. Single institution series 
report signifi cantly better PFS and OS in patients 
who receive RT to initial bulky sites with local 
control usually in the region of 90–100 % [ 28 ,  36 , 
 37 ]. However, with improvements in chemother-
apy outcome with the addition of rituximab, the 
value of consolidation RT has been questioned. 
The MInT study, which tested CHOP-like chemo-
therapy with or without rituximab in young 
patients (<60) with good prognosis and showed a 
defi nite benefi t from adding rituximab in these 
low-risk patients, was analyzed with respect to the 
presence of bulky disease. The analysis included 
823 patients and revealed that rituximab reduced 
but did not eliminate the poor prognostic effect of 
bulky disease [ 38 ]. An updated analysis with 6 
years follow-up showed that RT seemed to elimi-
nate the adverse effect of bulky disease [ 39 ]. More 
recent evidence from the German RICOVER-60 
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study suggests that consolidation RT to sites of 
bulky disease (≥7.5 cm) or extranodal sites 
improves PFS (3-y PFS 88 v 62 %,  p  < 0.001) and 
OS (3-y OS 90 v 65 %,  p  = 001) in R-CHOP-
treated patients over 60 years of age [ 40 ]. Another 
German study (UNFOLDER study, DSHNHL 
2004–3; ClinicalTrials.gov identifi er 
NCT00278408) evaluated the role of consolida-
tion RT in patients aged 18–60 with an age- 
adjusted IPI score of 1 or score 0 with bulky tumor 
(≥7.5 cm). Patients were randomized into 14-day 
versus 21-day cycles of R-CHOP and consolida-
tive RT versus observation after chemotherapy. 
The no-RT arms were closed when interim analy-
sis revealed signifi cantly worse EFS with the 
omission of RT (3-year EFS 65 % vs. 81 % with 
combined modality therapy) [12th international 
conference on malignant lymphoma, Lugano, 
Switzerland, 2013]. The fi nal results of this study 
are eagerly awaited, but the current evidence sup-
ports a role for consolidation RT to sites of bulky 
(≥7.5 cm) disease. Therefore a recommendation 
to give consolidation RT for the site of bulky dis-
ease was made by the multidisciplinary team. 

 An alternative approach would be to decide on 
consolidation RT on the basis of response to full 
course of chemotherapy as assessed by PET/CT 
with RT only added if there is evidence of resid-
ual FDG activity. This approach has not been 
tested in clinical trials and there is evidence sug-
gesting that the presence of a residual mass 
(>2 cm) in the context of complete metabolic 
response confers an increased risk of relapse 
compared to patients with no residual mass [ 41 ]. 

  The patient received three cycles of R-CHOP 
at full dose, and a repeat PET/CT scan showed 
reduction in the size of the mass (10 × 7.5 cm). 
There was also partial metabolic response with 
reduction in the FDG uptake (SUVmax 11.7) and 
the residual uptake was scored as Deauville 
score 5  ( see  Fig .   2.8 ) . She received further three 
cycles and a repeat PET/CT scan after a total of 
six cycles showed further reduction of the uptake 
(SUVmax 8, Deauville score 4) and the size of the 
mass  ( see  Fig .   2.9 ) . 

    Interim imaging is usually done during a 
course of chemotherapy to monitor response to 
treatment. PET/CT is better than CT in showing 
early response during a course of chemotherapy 
[ 42 ]. Patients with early complete metabolic 

response tend to have a better outcome than 
patients with residual activity. However, the dif-
ference between the two groups is variable in 
various studies in DLBCL [ 43 – 48 ]. Treatment 
modifi cation (response-adapted therapy) based on 
interim PET (iPET) scanning is currently being 
tested in several randomized studies in Hodgkin 
lymphoma and aggressive non-Hodgkin lym-
phoma. To date there has been no evidence that an 
early change of treatment improves outcome in 
DLBCL, and there is no established alternative 
therapy, so the information of iPET is only of 
prognostic value and should not be used to change 
treatment unless it shows no response or progres-
sive disease. Therefore treatment with the most 
effective regime (R-CHOP) was  continued despite 
the presence of residual activity on iPET. 

 The case was discussed again in the lym-
phoma MDM, and a plan for salvage treatment 
was made. Primary refractory DLBCL is usually 
defi ned as disease progression or failure to 

  Fig. 2.8    Large residual mass with Deauville 5 after three 
cycles of R-CHOP       
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  Fig. 2.9    PET/CT after completing 6 R-CHOP showing 
further reduction in the size and FDG activity in the 
disease       

achieve remission during or shortly after 
(<6 months) chemotherapy and carries a poor 
prognosis even with salvage therapy. The stan-
dard salvage therapy after failure of R-CHOP 
involves inducing a remission with a salvage che-
motherapy regime followed by high-dose chemo-
therapy and autologous hematopoietic stem cell 
transplant (SCT) for fi t patients. However, the 
CORAL study showed that the effectiveness of 
salvage chemotherapy after R-CHOP is worse 
than after CHOP as it appears that R-CHOP- 
failures defi ne a worse prognostic group (response 
rate was 51 % v 83 % in rituximab-treated and 
rituximab-naive patients) which translated into a 
worse outcome (3y EFS of 21 vs. 47 %, respec-
tively) [ 49 ]. In addition, patients who relapsed 

within <1 year and received rituximab in fi rst- 
line therapy had a particularly poor outcome. 
None of the commonly used salvage regimes 
(e.g., DHAP, ESHAP, ICE, GPD, IGEV) has 
proven to be better than the rest, and there is a 
need to improve the effectiveness of salvage che-
motherapy in rituximab-treated patients. 

 One approach to improve the outcome of sal-
vage treatment in this poor-prognosis group is to 
add RT when feasible. This is based on the fi nd-
ings from patterns of failure analysis suggesting 
that 50–75 % of failures after SCT occur in sites 
of previous involvement [ 50 ]. However, the tim-
ing and exact impact of peri-transplant RT are not 
established. Many clinicians choose to add RT 
after transplant to ensure control of systemic dis-
ease and avoid risk of overlapping toxicity, par-
ticularly pneumonitis with mediastinal 
irradiation. In some situations where response to 
salvage chemotherapy is suboptimal, RT can be 
given prior to SCT to induce a remission and 
improve the chance of successful outcome. 

 There is no prospective evidence of improved 
outcome with peri-transplant RT. However, retro-
spective studies suggest that RT improves local 
control, PFS, and in at least one recent study 
OS. A retrospective study from the University of 
Rochester on 176 patients showed that RT 
improved disease-specifi c survival and OS and 
that the benefi t was greater for R-CHOP-treated 
patients than CHOP-treated patients, presumably 
because of the more resistant disease in patients 
for whom R-CHOP failed [ 51 ]. 

 The patient received two cycles of R-ICE, a 
repeat PET/CT scan showed maximal reduction 
of the size to 6 × 5 cm and an FDG avidity of 5.7 
(Deauville 4) (see Fig.  2.10 ). The patient went on 
to receive high-dose stem cell transplant. At the 
completion of transplant and on day 30, a repeated 
PET scan fi nally showed a residual soft tissue 
mass of 4 × 5 cm with an FDG avidity of 3.7 and a 
Deauville of 3, and patient was declared in remis-
sion. At that time the patient was referred to 
receive consolidation radiotherapy to the abdomi-
nal mass (see Fig.  2.11 ). The patient received 
46 Gy to the residual non-FDG-avid mass inte-
grated with 36 Gy to the original disease site. She 
remains in remission 16 months after completing 
her radiation with no side effects especially in ref-
erence to both kidneys and the liver.
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        Treatment Volume and Technique 

 Before starting the simulation a renal scan (differ-
ential kidney function scan) was performed, in 
anticipation of inclusion of at least part of the right 
kidney in the radiation fi eld. This showed the left 
kidney contributes 60 % of the total renal function 
versus 40 % in the right kidney. The patient was 
simulated in a supine position with the arms by the 
side, using deep inspiration breath-hold technique. 
The patient was instructed to be NPO (nothing per 
os) 6 h prior to presenting for her simulation. A 
CT simulation was obtained from above the dia-
phragm to the iliac crest. A planning CT scan was 
acquired and was used to defi ne the radiation vol-
ume together with information from the initial 
staging PET/CT and the post-transplant PET/
CT. The aim was to treat the current extent of dis-
ease using the concept of involved site radiother-

apy (ISRT) as defi ned by the recently published 
ILROG guidelines [ 20 ]. The CTV was outlined 
covering the extent of the original mass from the 
initial imaging while taking into consideration the 
reduction in volume of the mass returning the kid-
ney back into its normal location. An isotropic 
margin of 8 mm was added to create the PTV. A 
small margin to PTV was allowed in this case, 
owing to the fact we used deep inspiration breath 
hold that accounted for the internal motion. A plan 
was created using anteroposterior beam arrange-
ment with an intensity modulated radiation ther-
apy to achieve the best conformity (see Figs.  2.12  
and  2.13 ). A dose of 46 Gy in 20 fractions to the 
refractory residual mass seen on CT, while the ini-
tial site of disease that responded to R-CHOP 
received 36 Gy in 20 fractions, treated 5 days a 
week for a total of 4 weeks. The plan allowed ade-

  Fig. 2.10    PET/CT after two cycles of RICE showing a 
mass of 6 × 5 cm with Deauville of 4       

  Fig. 2.11    PET/CT showing non-FDG-avid residual mass       
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  Fig. 2.12    Showing axial images of the IMRT plan       
  Fig. 2.13    Showing coronal view of the IMRT plan       

quate coverage of PTV (V95: 98.9 %) while mini-
mizing the dose to organs at risk. The right kidney 
V10 and V20 were 40 % and 22 %, respectively; 
the left kidney V10 and V20 were 10 % and 2 %, 

respectively; the liver V20 of 7 % and mean liver 
dose of 7.9 Gy (see Fig.  2.14 ).

     Although the standard dose for consolidation 
radiotherapy is usually 30 Gy [ 29 ], refractory 
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disease usually requires higher dose to overcome 
the resistance.  

    Posttreatment Considerations 

 Treatment was delivered as planned without 
interruption. The patient experienced moderate 
fatigue, which was cumulative and increased as 
treatment progressed. She also experienced mod-
erate abdominal distension and nausea, which 
started at the end of the second week, manifest-
ing as discomfort after meals, and was treated 
with dietary modifi cation and antiemetics.      
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      Follicular Lymphoma: Treatment 
for Early-Stage, Grades 1 and 2, 
and Advanced-Stage Disease                     

     Bradford     Hoppe     

    Abstract  

  Follicular lymphoma is the second most common non-Hodgkin lymphoma 
histology diagnosed and the most common of the indolent histologies. 
Radiotherapy remains an important treatment modality for patients with fol-
licular lymphoma. Among patients with early-stage disease, defi nitive treat-
ment with radiotherapy remains the standard of care to doses of 24–30 Gy 
using involved-site radiotherapy. For patients with advanced disease, low-
dose radiotherapy (2 Gy/fraction × two fractions) remains an excellent pal-
liative treatment with durable control for approximately 18 months. Utilizing 
two different clinical scenarios, this chapter discusses epidemiology, stag-
ing, and treatment options and provides an in-depth overview of the radio-
therapy treatment fi eld design and plan evaluation for follicular lymphoma.  

       Clinical Presentation 

    Case 1 

  A 68 - year - old male was seen by his primary care 
physician for new onset swelling in his right 
groin. The patient denied any B symptoms ,  recent 
trauma ,  or recent infectious history ,  and a 4 - cm 
non-painful mass was palpated in the right groin 
area ,  movable and not painful .  

    Case 2 

  An 82 - year - old female with multiply relapsed 
stage IV follicular lymphoma  ( FL )  following 
immunotherapy and chemotherapy presented 
with a large bulky abdominal mass . 

 In 2014, approximately 70,000 cases of non- 
Hodgkin lymphoma (NHL) were diagnosed in 
the United States [ 1 ]. NHL is made up of about 
60 different subtypes, and FL is the second most 
common (~20 % of all NHL diagnoses); FL is the 
most common of all indolent histologies. 

 FL generally affects older patients with a 
median age of 60 years, and it rarely affects chil-
dren or adolescents [ 2 ,  3 ]. The most common 
presenting symptom is painless peripheral 
 adenopathy that waxes and wanes in size over 
time, and B symptoms are found in about 20 % of 
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patients. About 80 % of patients are diagnosed 
with stage III or IV disease [ 2 ,  3 ].  

    Pathology and Comment on What Is 
Typical and What Is the Meaning 
of Markers and Their Implications 

  Case  ( 1 ).  The right groin lymph node demonstrated 
grade 1 FL with diffuse areas. Immunohistochemical 
stains revealed CD10 -  positive ,  BCL6-positive ,  and 
BCL2 - positive disease . 

  Case  ( 2 ).  Although a repeat biopsy to confi rm 
that the FL had not developed into a higher - 
 grade lymphoma was considered ,  the patient was 
not a candidate for additional chemotherapy ; 
 furthermore ,  the biopsy would have been highly 
invasive for the patient . 

 When NHL is being considered in the differ-
ential diagnosis, excisional biopsy of the lymph 
node is preferred to a core needle biopsy to better 
evaluate pattern and grade. 

 FL is a B-cell lymphoma that is derived from 
germinal center cells of a lymph node. The World 
Health Organization (WHO) describes specifi c 
growth patterns and grading of FL [ 4 ]. The growth 
pattern of FL within the lymph node can be 
described as follicular, focally follicular, follicular 
and diffuse, or diffuse. The following grading sys-
tem is based on the number of centroblasts in the 
follicles: grade 1, 5 or fewer centroblasts per high-
power fi eld (hpf); grade 2, 6–15 per hpf; grade 3A, 
more than 15 per hpf with centrocytes intermin-
gled with the centroblasts; and grade 3B, more 
than 15 per hpf with pure sheets of centroblasts. 

 Normal follicle center cells express CD10 and 
BCL6 markers and are negative for BCL2, while 
the follicular dendritic cells express CD21. FL 
cells, on the other hand, are usually positive for 
BCL2 (~85 %) and, in higher-grade FL, might be 
negative for CD10 [ 5 ]. Additionally, FL can have 
a characteristic t(14;18) translocation which 
moves BCL2 adjacent to a promoter gene that 
leads to overexpression of BCL2 antiapoptotic 
protein that can be detected by polymerase chain 
reaction (PCR) or by fl uorescence in situ hybrid-
ization (FISH). Higher-grade tumors can have a 
BCL6 rearrangement.  

    Staging and Prognostic Factors 
and What Is It Based on 

  Case  ( 1 ).  The patient underwent a positron emis-
sion tomography  ( PET )- computed tomography  
( CT )  scan and CT of the neck ,  chest ,  abdomen , 
 and pelvis. The scans demonstrated right groin 
adenopathy with a maximum standardized uptake 
value  ( SUV max )  of 8.4  (Fig .   3.1a, b ).  The 
patient ’ s blood work was normal ,  and his bone 
marrow was negative. His FL International 
Prognostic Index  ( FLIPI )  and FLIPI2 scores 
were both 1 ,  consistent with a low risk for FLIPI1 
and an intermediate risk for FLIPI2 .

    Case  ( 2 ).  The patient had a PET - CT scan 
ordered for a 10 × 7 - cm mesenteric lymph node 
mass within the right side of the mid abdomen 
with an SUV max of 18.2 and several enlarged 
hypermetabolic mesenteric and para - aortic 
lymph nodes surrounding it. Additionally ,  the 
patient had bilateral pelvic ,  inguinal ,  axillary , 
 and cervical lymph nodes present  (Fig.  3.2a, b ). 
 Considering the patient had known extensive 
relapsed disease ,  a PET - CT scan was not neces-
sary ,  and a CT of the chest / abdomen / pelvis would 
suffi ce in this scenario .

   Staging of FL follows that of other NHLs 
using the Ann Arbor system. Work-up should 
include a patient medical history and physical 
examination (focused on the lymphatic region) 
for evaluation of B symptoms, extent of disease, 
and performance status. Blood work should 
include a complete blood count, a lactate dehy-
drogenase test (LDH), a beta-2 (B2) microglobu-
lin test, a comprehensive metabolic panel test, 
hepatitis B testing, and a pregnancy test for 
women of child-bearing age. Bone marrow 
biopsy should be performed in all cases. Imaging 
should include a diagnostic CT scan of the chest/
abdomen/pelvis with consideration of a CT of the 
neck and/or a PET-CT scan. PET-CT scans are 
important if considering defi nitive treatment with 
radiation for early-stage FL. Wirth et al. 
 demonstrated that a PET-CT scan upstaged 
patients who were thought to have early-stage (I/
II) FL by conventional assessment to stage III/IV 
in 31 % of the cases [ 6 ]. Additionally, PET-CT 
scan showed more extensive stage I/II disease 
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  Fig. 3.1    ( a ) Coronal PET image showing the right groin mass. ( b ) Axial PET imaging showing the right groin mass       

  Fig. 3.2    Showing the coverage of the groin mass       
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than previously thought, which would increase 
the radiation fi eld in 14 % of the cases. 

 In a large pooled analysis that led to the devel-
opment of the FLIPI, several important clinical 
features were observed, including an even distri-
bution of disease between the sexes (male, 51 %, 
female, 49 %), 63 % of patients under 60 years 
old, 22 % with stage I/II disease, 19 % with B 
symptoms, 35 % with fi ve or more nodal sites, 
38 % with extranodal involvement (other than 
bone marrow), 48 % with bone marrow involve-
ment, 22 % with splenic involvement, 41 % with 
elevated serum B2 microglobulin, 21 % with ele-
vated LDH, 18 % with hemoglobin below 120 g/L, 
and 10 % with albumin <35 g/L [ 2 ]. The factors 
that were found to be most prognostic for out-
comes were age ≥60 years, stage III/IV disease, 
hemoglobin <120 g/L, elevated LDH, and >4 
involved nodal sites. Based on these factors, the 
following risk groups were created: low risk, 0–1 
factor; intermediate risk, 2 factors; and high risk, 
3 or more factors. The 5-year and 10-year overall 
survival rates are 91 %, and 71 % for low- risk dis-
ease were 78 and 51 % for intermediate- risk dis-
ease and 53 and 36 % for high-risk disease. 

 In a follow-up project that involved a more 
modern patient cohort treated in the era of ritux-
imab, a FLIPI2 was developed [ 7 ]. The factors 
found to have the strongest prognosis were B2 
microglobulin levels (above normal), longest 
diameter of the largest involved node (>6 cm), 
bone marrow involvement, hemoglobulin <12 g/
dL, and age >60 years. Based on these factors, 
the 3-year overall survival and progression-free 
survival (PFS) rates were 99 and 91 % for low- 
risk disease (0 factor), 96 and 69 % for 
intermediate- risk disease (1–2 factors), and 84 
and 51 % for high-risk disease (3–5 factors).  

    Treatment Strategies and Their 
Variations 

  Case  ( 1 ).  Several options exist for the manage-
ment of stage II low - risk FLIPI and intermediate - 
 risk FLIPI2. With this patient ,  we discussed 
defi nitive treatment with radiotherapy or man-
agement with immunotherapy. The consensus 

among his oncologists was defi nitive treatment 
with involved - site radiotherapy to a dose of 
24 Gy in 12 fractions ,  which the patient agreed to 
pursue . 

  Case  ( 2 ).  The patient was tired of chemother-
apy but had symptomatic disease. Palliative 
radiotherapy of 4 Gy in two fractions of 
2 Gy / fraction was offered to the patient .  

    Early-Stage Disease 

 The diagnosis of stages I and II FL is rare; conse-
quently, few prospective clinical studies have 
been conducted to determine the most successful 
approach to treatment. Historically, defi nitive 
management with radiotherapy has been the rec-
ommended standard of care based on large his-
torical retrospective cohorts (Table  3.1 ). However, 
the National LymphoCare study, a multicenter, 
longitudinal observational study that included 
patients from both academic and community 
practices, demonstrated that there was great vari-
ety in how patients with early-stage FL were 
being managed [ 3 ,  8 ]. Approaches included 
observation alone (29 %), radiation therapy alone 
(23 %), rituximab alone or with chemotherapy 
(35 %), and rituximab followed by radiation ther-
apy (8 %). Although similar excellent outcomes 
were seen during the short median follow-up of 
just less than 5 years, the cohort represents a het-
erogenous group of patients, with only 62 % 
staged with a PET-CT scan [ 3 ,  8 ].

   Radiation therapy has been the standard treat-
ment of early-stage FL for over 50 years based on 
large single-institution retrospective studies. 
Table  3.1  lists an assortment of these studies and 
their outcomes [ 9 – 12 ]. The largest studies of 
approximately 200 patients included those con-
ducted by the British Columbia Cancer Agency, 
Stanford University (California), Princess 
Margaret Hospital (Toronto, Ontario), and British 
National Lymphoma Investigation, which all 
demonstrated 10-year PFS rates of 44–53 % and 
10-year overall survival rates of 58–66 % using 
radiation doses between 20 and 50 Gy and 
extended-fi eld radiation therapy (EFRT) as well 
as involved-fi eld radiation therapy (IFRT) 
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designs. Considering the signifi cant upstaging 
with PET-CT scans, it is likely that some stage I/
II patients treated before the use of PET-CT had 
stage III/IV disease. Therefore, outcomes might 
be improved for patients evaluated during the 
PET-CT era. 

 Radiation dose has been evaluated across sev-
eral single-institution databases to understand 
the doses needed for defi nitive treatment of 
patients with FL. In 2011, a published random-
ized study from the United Kingdom compared 
24 Gy in 12 fractions to 40–45 Gy in 20–23 frac-
tions among patients with indolent NHL, includ-
ing those with advanced-stage disease and those 
treated with chemotherapy [ 13 ]. With a median 
follow-up of 5.6 years, overall PFS was 55 %, 
and no difference was seen in freedom from 
local progression (79 % vs 76 %,  p  = 0.68). 
Additionally, no difference in overall survival 
was seen at 5 years (73 % vs 74 %,  p  = 0.84). 
Among patients treated with radiotherapy alone, 
no difference was seen in PFS; 54 % in the high-
dose arm and 64 % in the low-dose arm were 
alive without a recurrence at 5 years. Furthermore, 
a randomized study comparing 24 Gy in 12 frac-
tions with 4 Gy in two fractions among patients 
with indolent histologies demonstrated that 
when the intent was cure, local control improved 
with 24 Gy ( p  = 0.0051) [ 14 ]. 

 Radiation treatment fi eld design has included 
EFRT, IFRT, and generous involved-node radia-
tion therapy (INRT) with up to a 5-cm margin 
[ 11 ]. Although no randomized studies have been 
conducted to directly compare larger fi elds with 
smaller fi elds, Campbell et al. reported no signifi -

cant difference in 10-year disease-specifi c sur-
vival (85 % vs 78 %,  p  = 0.14) or PFS (48 % vs 
50 %,  p  = 0.50) between involved regional radio-
therapy and radiotherapy to the involved 
node + 5 cm. 

 Owing to advances in imaging technique since 
two-dimensional imaging, such as PET-CT imag-
ing, the International Lymphoma Radiation 
Oncology Group (ILROG) recently developed 
new guidelines for radiation fi eld design for the 
management of lymphoma called involved-site 
radiotherapy (ISRT) [ 15 ]. ISRT utilizes modern 
radiation techniques and incorporates the current 
concepts of volumes as reported by the 
International Commission on Radiation Units 
(ICRU) report 83. The current guidelines for 
indolent nodal NHL and extranodal NHL have 
been published [ 15 ,  16 ].  

    Advanced-Stage Disease 

 Advanced-stage FL is typically managed with 
active surveillance, immunotherapy, chemo-
therapy, or radioimmunotherapy. Curative treat-
ment with total lymphoid irradiation (TLI) has 
been reported, but long-term toxicities and a 
high relapse rate have made it more or less 
obsolete [ 17 ,  18 ]. 

 Radiotherapy, however, can play an extremely 
important palliative role in patients with advanced 
FL owing to the radiation sensitivity of 
FL. Table  3.2  includes several studies that 
have evaluated palliative low-dose radiotherapy 
with doses of 4 Gy delivered in two fractions 

   Table 3.2    Literature review of palliative treatment of advanced indolent non-Hodgkin lymphoma with 4 Gy   

 Institution  No. of patients 

 Radiation 
therapy dose 
(Gy) 

 Complete 
response (%) 

 Partial 
response (%) 

 Median time to local 
progression (months) 

 Centre hospitalier 
universitaire vaudois [ 19 ] 

 43  4  28  35  21 

 Princess Margaret 
Hospital [ 20 ] 

 54  4  49  32  19 

 The Netherlands Cancer 
Institute [ 21 ] 

 109  4  61  31  25 

 Brigham and Women’s 
Hospital and Dana-Farber 
Institute [ 22 ] 

 127  4  57  25  14 
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(2 Gy/fraction) in patients with advanced-stage 
disease [ 19 – 22 ]. Response rates of 60–96 % have 
been reported with an average median time to 
local progression of 18 months. Considering the 
low rate of acute side effects expected with these 
low doses, 2 Gy delivered twice is an excellent 
treatment option for patients with symptomatic 
disease, including the chemorefractory variety.

       Post Images, Contours, Margins 
Determination, Planning Method, 
and Images of the Plan 

  Case  ( 1 ).  The patient was simulated in a blue bag 
to maintain a frog-leg position. A CT simulation 
was performed. The ISRT guidelines were fol-
lowed. The gross tumor volume  ( GTV )  was 
 contoured on the CT images with the assistance 
of the PET - CT scan. A 1.5 - cm margin was added 
to the gross disease to create the clinical target 
volume  ( CTV ).  The CTV was expanded by a 1.5 -
 cm margin to create the planning target volume  
( PTV ).  Obviously the PTV has to be changed on 
case - by - case basis depending on the site treated 
taking into consideration the internal and exter-
nal uncertainties of each treated site . 

  Treatment planning to a dose of 24 Gy in 12 
treatments using 16-MeV electron appositional 
fi eld was used ;  the plan was developed in an 

effort to cover 95 % of the PTV with 100 % of the 
dose  (Fig.  3.2 ).  Doses to the organs at risk ,  which 
in this case is the testis ,  were taken into consider-
ation ;  we used a clamshell to protect the testis 
from scattered radiation ;  obviously the clamshell 
does not protect it from internal scatter  (Figs.  3.3  
and  3.4 ).  We placed a thermoluminescent detec-
tor inside the clamshell on the testis skin to mea-
sure the actual dose ,  and it was 2 cGy per 
treatment .

    Long-term survival is common among patients 
with indolent NHL, so late toxicities, such as sec-
ond cancers and cardiovascular problems, must 
be considered when evaluating a treatment plan. 

  Fig. 3.3    Showing patient set up on the digitally reconstructed radiograph (DRR) as well as the skin rendering from the 
CT scan simulation       

  Fig. 3.4    Patient set up with frog-leg position, showing 
the fi eld and the clamshell used to protect the testis from 
scattered radiation       
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However, based on the typical age at diagnosis, it 
is unlikely that late toxicities will be as problem-
atic as they are among young Hodgkin lymphoma 
patients. 

  Case  ( 2 ).  For this palliative treatment ,  the 
patient was placed in a comfortable position on the 
treatment table with her arms at her sides while she 
underwent a three - dimensional CT scan for simula-
tion. The GTV included the sites of disease thought 
to cause the patient ’ s symptoms. Non - symptomatic 
disease that separates from the main target volume 
was not included as this was a palliative treatment. 
A PTV margin of 1 cm was added to the GTV ,  which 
is standard at our institution for this disease site . 
Figure  3.5a, b   shows the targets. For this patient ,  we 
developed a simple 3 Dimensional Conformal 

Radiation Therapy (3DCRT)   anterior -
 posterior / posterior -  anterior treatment plan. 
Considering the low dose of radiotherapy deliv-
ered ,  no organs at risk were considered .
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      Extranodal Marginal Zone 
Lymphoma                     
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    Abstract  

  Extranodal marginal zone lymphomas (EN-MZLs) comprise about 25 % 
of all non-Hodgkin lymphomas (NHL). The wide range of presentations 
of EN-MZL, involving virtually any organ, poses several challenges. The 
heterogeneity of the disease also explains the uncertainty and lack of con-
sistency in radiotherapy approaches between centers and clinicians. 
EN-MZL often presents with localized/organ-confi ned disease, and RT is 
generally the primary curative modality. High local control rates can be 
achieved with relatively modest radiation doses, and local control often 
translates to cure. 

 In this chapter, we shortly present two clinical cases of the most com-
mon EN-MZL subtypes (gastric and ocular adnexa MZL), discussing 
diagnosis, staging, and therapeutic strategies, with a special focus on the 
role of radiotherapy. Current recommendations in terms of optimal dose, 
volumes, and techniques are also presented. Few tables summarize the 
results of the largest series reporting on the outcome following radiother-
apy, and fi gures illustrate imaging features as well as contouring and plan-
ning examples.  

       Introduction 

 Indolent nonfollicular B-cell lymphoma 
(INFBCL) subtype has been classifi ed in the 
World Health Organization (WHO) system 

among the mature B-cell neoplasms and includes 
nodal marginal zone lymphoma (NMZL), splenic 
marginal zone lymphoma (SMZL), extranodal 
marginal zone lymphoma (EN-MZL) of mucosa- 
associated lymphoid tissue (MALT), lympho-
plasmacytic lymphoma (LPL), and small 
lymphocytic lymphoma (SLL) [ 79 ]. Marginal 
zone MALT lymphoma is the most frequent sub-
type among all marginal zone lymphomas 
(MZLs), accounting for 7 % of non-Hodgkin 
lymphoma (NHL); NMZL and SMZL represent 
only 2 % and 1 % of NHL, respectively [ 3 ,  54 ]. 
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 MALT lymphoma is a distinct B-cell lym-
phoma that develops in extranodal sites. MALT 
lymphoma differs from its splenic and nodal 
counterparts because it arises in organs (e.g., 
stomach, ocular adnexal, and lung) that normally 
lack lymphoid tissue but accumulate B cells in 
response to chronic infections or autoimmune 
processes. The most common extranodal MALT 
lymphoma involves the gastrointestinal tract 
(about 50 % of MALT lymphomas), followed by 
non-gastric sites such as the ocular adnexa 
(12 %), lung (10 %), skin (9 %), salivary glands 
(6 %), thyroid (4 %), and breast (2 %) [ 82 ]. 
Frequency rates of extranodal marginal zone 
lymphomas according to site are reported in 
Fig.  4.1  [ 40 ].

   In this chapter, illustrative cases of a gastric 
and ocular MALT lymphoma, the most common 
EN-MZL, are presented followed by a discussion 
of the appropriate evaluation and management, 
with a focus on the role of radiotherapy.  

    Gastric Marginal Zone B-Cell 
Lymphomas (MALT Lymphomas) 

 The gastrointestinal tract is the most frequent site 
of extranodal lymphoma, and the stomach is 
involved in up to two-thirds of the cases [ 99 ]. 
Indeed, 30–45 % of all extranodal lymphomas are 
detected in the stomach [ 96 ]. Primary gastric 
lymphoma is a rare disease, representing nearly 

2–8 % of all stomach tumors [ 56 ,  95 ]. Virtually 
all gastric lymphomas arise from B cells [ 95 ], as 
T-cell gastric lymphoma is extremely rare [ 64 ]. 
Marginal zone MALT lymphoma accounts for 
nearly 50 % of gastric lymphomas [ 59 ,  64 ]. 
Gastric MALT lymphoma is characterized by a 
dense lymphoid infi ltrate mainly composed of 
small-size lymphocytes that invade and destroy 
gastric glands, confi guring the so-called lymph 
epithelial lesion which is pathognomonic of lym-
phoma [ 37 ]. 

 A recent systematic review including data of 
2000 patients found that gastric MALT lym-
phoma occurs over a wide age range, with a mean 
of 57 years at diagnosis, and is slightly more 
prevalent in males (male–female ratio = 1.27:1) 
[ 97 ]. 

    Clinical Case 

 A 61-year-old man was in his usual state of health 
until June 2002 when he began to suffer dyspep-
sia. At that time, he didn’t report any other symp-
toms, like drenching night sweats, fevers, weight 
loss, or pruritus. An upper endoscopy demon-
strated the presence of gastric macroscopic 
lesions, and biopsies showed a diagnosis of gas-
tric MALT lymphoma with associated 
 Helicobacter pylori  ( H. pylori ) infection. Further 
assessment including a complete physical 
 examination; routine laboratory tests; computed 
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  Fig. 4.1    Frequency 
rates of extranodal 
marginal zone 
lymphomas (MZL) 
according to site 
(excluding the skin and 
spleen), SEER data 
(Khalil et al. [ 40 ])       
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tomography (CT) of the chest; abdomen, and 
 pelvis; endoscopic ultrasonography; and bone 
marrow biopsy were performed and demonstrated 
a disease confi ned to one extranodal site. 
Therefore, the patient fell classically into a stage I 
disease. He underwent antibiotic eradication with 
resolution of the macroscopic lesion and negativ-
ity of  H. pylori  infection but persistence of MALT 
areas in the stomach. He repeated antibiotic ther-
apy with endoscopic persistence of MALT areas 
in the stomach. For this reason, chemotherapy 
with six cycles of chlorambucil was administered. 
An upper endoscopy showed minimal residual 
disease, and patient started clinical- endoscopic 
follow-up with stable disease for many years. At 
August 2013 an endoscopy showed a progression 
of disease with evidence of new macroscopic 
MALT lesions in almost all the stomach (Fig.  4.2 ) 
and  H. pylori  negativity. A positron emission 
tomography (PET)/CT confi rmed increased 
uptake to the whole stomach.

        Clinical-Endoscopic Presentation 

 The clinical presentation of gastric lymphoma is 
poorly specifi c because symptoms range from 
vague dyspepsia, including epigastric pain or 
discomfort, to, less frequently, symptoms such 
as gastrointestinal bleeding or persistent vomit-
ing [ 64 ,  99 ]. Classic B symptoms (fever, night 

sweats, weight loss) are extremely rare. A gas-
tric MALT lymphoma is often diagnosed fol-
lowing an upper endoscopy performed for 
dyspepsia. 

 Similarly, several different nonspecifi c endo-
scopic patterns have been described. Although it 
may appear at endoscopy as a clear malignant 
lesion (giant ulcer, vegetant mass, etc.) as shown 
in Fig.  4.2 , gastric MALT lymphoma is fre-
quently characterized by erosions, small nodules, 
thickening of gastric folds – generally suggesting 
a benign condition – or even by apparently nor-
mal gastric mucosa [ 99 ].  

    Pathology and  Helicobacter pylori  
Infection 

 The histologic diagnosis can be challenging due 
to the heterogeneity of cells within the tumor 
specimen, but the presence of lymph epithelial 
lesions (invasion of neoplastic cells into individ-
ual glands) is a strong indicator of gastric MALT 
lymphoma. Once the diagnosis is confi rmed, the 
next task is to establish the  H. pylori  status [ 99 ]. 
Gastric MALT lymphoma is uniquely associated 
with  H. pylori  infection (present in 90 % of 
cases). A variety of detection methods are avail-
able, including identifi cation in the histologic 
specimen, a biopsy urease test, a urea breath test, 
a stool antigen test, and serology. Upon estab-
lishment of the diagnosis, it is then worthwhile 
to perform a FISH evaluation for a t(11;18)
(q21;q21) [ 4 ]. This translocation is recurrent in 
MALT lymphomas and produces a fusion 
between the AIP2 gene and the MLT/MALT1 
gene, generating a chimeric protein that pro-
motes cell survival and proliferation via activa-
tion of the transcription factor NF-k. This 
translocation can be detected in 30–40 % of 
 gastric MALT lymphoma cases and has clinical 
signifi cance. Patients harboring t(11;18) are 
more likely to have widely disseminated disease, 
more likely to be  H. pylori  negative, and less 
likely to respond to  H. pylori  eradication [ 39 ]. In 
one series, only 2 of 44 patients with t(11;18) 
responded to eradication therapy and both later 
relapsed. The t(1;14)(p22;q32) translocation is 

  Fig. 4.2    Endoscopic fi nding with a well-visible massive 
gastric MZL lesion       
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also found in gastric MALT lymphoma but less 
frequently (~4 % of cases). This translocation 
results in deregulation of the BCL10 gene with 
subsequent activation of NF-k B. Gastric MALT 
lymphoma with t(1;14) is also unlikely to 
respond to eradication therapy [ 93 ].  

    Diagnosis and Staging 

 Although gastric MALT lymphoma has a typical 
indolent course, with a low disease-related mor-
bidity and mortality, an accurate staging proce-
dure is considered mandatory [ 14 ,  69 ]. Gastric 
MALT lymphoma presents as localized disease 
in 90 % of cases; advanced stages (III–IV) at 
diagnosis usually present with localization in 
both lymph nodes and other organs, particularly 
the bone marrow, lungs, and liver [ 2 ]. A compre-
hensive staging procedure includes a complete 
physical examination; routine laboratory tests; 
CT of the chest, abdomen, and pelvis; endoscopic 
ultrasonography; as well as bone marrow biopsy. 
Endoscopic ultrasound allows to accurately 
assessing both gastric wall infi ltration and 
regional lymph node involvement [ 12 ,  38 ,  57 ]. 
The depth of invasion into the different layers of 
the gastric wall is predictive of lymphoma remis-
sion following therapy [ 57 ]. The role of PET scan 
in such a setting is still unclear [ 8 ].  

    Treatment and Outcome 

 The mainstay of treatment for  H. pylori -positive 
patients is a combination of proton pump inhibi-
tors (PPI) and antibiotics [ 7 ,  90 ]. Treatment 
with amoxicillin, clarithromycin, and PPIs 
results in eradication rates of 90 %. An alterna-
tive regimen of metronidazole, clarithromycin, 
and PPIs achieves the same result. Initial treat-
ment with chemotherapy, surgery, or radiother-
apy (alone or in combination) has not been 
shown to be superior to antibiotic treatment 
[ 66 ]. Locally advanced disease that has infi l-
trated the muscularis mucosa, serosa, or peri-
gastric lymph nodes has a signifi cantly lower 
response rate (RR). Such cases and  H. pylori  
eradication failures require alternative 

approaches; however, there is no consensus on 
how to manage these patients. In some centers, 
 H. pylori -negative patients at diagnosis also 
receive eradication therapy and high-dose PPIs 
as frontline therapy. Alternative treatment 
options include oral chlorambucil, radiation 
therapy (RT), or rituximab, without convincing 
evidence on the superiority of one of these strat-
egies over the others due to the lack of prospec-
tive randomized trials. The role of surgery has 
been questioned, as a more conservative local 
approach (low-dose radiotherapy) may obtain 
similar results while improving quality of life. A 
prospective observational study of all histologi-
cal subtypes of NHL of the gastrointestinal tract 
(GIT NHL 01/1992) included 185 patients with 
stage I or II gastric lymphoma; 106 of these 
patients underwent nonsurgical treatment, i.e., 
radiotherapy and/or chemotherapy. The subse-
quent, second prospective observational study 
(GITNHL02/1996) included 393 patients with 
localized primary gastric lymphoma who were 
treated with radiotherapy and/or chemotherapy 
only or additional surgery in the time interval 
1996–2003. The survival rate at 42 months for 
patients treated with surgery was 86 % com-
pared with 91 % for patients without surgery. In 
both these nonrandomized studies, there was no 
disadvantage for an organ-preserving treatment, 
while quality of life was certainly better in non-
operated patients. Patients with advanced-stage 
disease (10 %) should be treated according to 
the same principles as for other advanced-stage 
indolent B-cell lymphomas (single-agent ritux-
imab, R-CVP, R-CHOP, R-fl udarabine, etc.), 
without evidence in favor of one regimen over 
the others [ 39 ].  

    Role of Radiation Therapy 

 The effi cacy of radiation therapy (RT) has been 
shown in several studies, with excellent results in 
terms of complete response rate (nearly 100 %) 
and long-term durability [ 5 ,  71 ,  91 ]. Historically, 
total abdominal radiation (20 Gy in 3–4 weeks) 
with a boost to the stomach, para-aortic lymph 
nodes, and spleen (20 Gy in 2–3 weeks) was 
given on the basis that the pattern of spread, i.e., 
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to the peritoneum, was similar to its solid tumor 
counterpart, with 5-year survival rates quoted of 
70–95% for stage I disease [ 1 ,  87 ]. In recent 
years radiation fi elds were progressively reduced: 
from the data of 72 patients who underwent radi-
cal surgery between 1991 and 2001, retrospec-
tively reviewed by Park et al. [ 60 ], gastric MALT 
lymphoma emerged as localized gastric disease 
in the majority of cases. Of the 72 patients ana-
lyzed, 45 (62.5 %) had low-grade MALT lym-
phoma, and 67 % of low-grade tumors were 
confi ned to the mucosa and submucosa. Lymph 
node involvement was identifi ed in 24.4 % of the 
low-grade MALT patients (and 63.0 % of the 
high-grade MLS patients). In the low-grade 
group, lymph node involvement was limited to 
the perigastric lymph nodes in all cases except 
for one. Thus, a rational radiation clinical treat-
ment volume is the stomach itself and local peri-
gastric nodes [ 1 ] (Fig.  4.3 ). In the experience of 
Princess Margaret Hospital in Toronto, RT was 
used in 167 patients with extranodal MALT 
 lymphomas (involving the stomach in 25 
patients). The median dose to non-orbital sites 
was 30 Gy (range 17.5–35 Gy). The median fol-
low-up was 7.4 years (range 0.67–16.2 years) 
with a 10-year relapse-free survival of 92 % [ 31 ].  

    Radiotherapy Techniques 

 The optimal dose and technique of RT are cur-
rently not well defi ned. As already mentioned, 
the target volume should be limited to the stom-
ach and perigastric nodes. In combination with 
reduced radiation doses, a smaller volume leads 
to equivalent disease control with less acute 
and late side effects. Excellent results were 
achieved after a median dose of 30 Gy in 15–20 
fractions [ 42 ,  71 ,  87 ,  91 ]. Table  4.1  summarizes 
the most important experiences regarding the 

   Table 4.1    Results of radiotherapy in patients with gastric MALT lymphoma   

 Reference, year 
 No. of 
patients  Treatment  RR (%)  EFS (%)  Survival (%) 

 Schechter et al. 1998 [ 71 ]  17  RT to the stomach and 
adjacent lymph nodes: 30 
Gy/20 fr (range 28.5–43.5 
Gy) 

 ND  27 months 100  27-month OS 
100 

 Yahalom et al. 2002 [ 91 ]  51  RT to the stomach and 
adjacent nodes: 
 median 30 Gy 

 CR 96  4-year FFTF 89  4-year OS 83 
 4-year CSS 100 

 Tsang et al. 2003 [ 84 ]  10  RT to the stomach and local 
nodes: 20–35 Gy 

 100  5 years 100  5-year OS 100 

 Koch et al. 2005 [ 42 ]  144  Whole abdominal RT: 
30 Gy ± 10 Gy boost 

 ND  42-month FFP 88  42-month OS 93 

 Avilés et al. 2005 [ 5 ]  78  Whole abdominal RT : 
30 Gy ± 10 Gy boost 

 CR 100  10-year FFP 52  10-year OS 75 

 Vrieling et al. 2008 [ 87 ]  56  Stomach + whole abdominal 
RT : 20 Gy + 20 Gy boost 

 CR 95  ND  5-year OS 74 
 10-year OS 63 
 10-year CSS 94 

 Wirth et al. 2013 [ 89 ]  102  RT to the stomach and 
involved nodes (61 pts) or 
whole abdominal RT (41 
pts): median 40 Gy 

 CR 96  10-year FFTF 88  10-year OS 70 

   RR  response rate,  EFS  event-free survival rate,  ND  not determined,  OS  overall survival rate,  CR  complete remission, 
 FFTF  freedom from treatment failure,  CSS  cancer-specifi c survival rate,  FFP  freedom from progression  

  Fig. 4.3    Target delineation in our clinical case. A 4D-CT 
simulation was acquired to take into account gastric 
movements and displacement of organ at risk during 
respiratory phases       
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role of radiotherapy in gastric MALT lym-
phoma. A recent UK dose–response study that 
included extranodal lymphoma (although 
potential differences in effi cacy at different 
anatomical sites have not been reported) sug-
gested a dose of 24 Gy in 12 fractions [ 46 ]. 
This dose level is now accepted as a standard in 
most centers [ 22 ].

   Improvements in target visualization (4D-CT 
scans) and radiation techniques and delivery 
(multi-fi elds 3D conformal-RT and intensity- 
modulated radiation therapy, IMRT) have further 
optimized gastric radiotherapy. Early reports 
suggested that 4D-CT and IMRT improve the 
defi nition of treatment volumes. Della Biancia 
et al. [ 18 ] analyzed 15 patients, categorized into 
three types depending on the geometric relation-
ship between the planning target volume (PTV) 
and the kidneys. AP/PA and four-fi eld three- 
dimensional conformal radiation therapy 
(3DCRT) plans were generated for each patient. 
IMRT was planned for four patients with a chal-
lenging geometric relationship. For patients 
without an overlap between PTV and kidneys, no 
benefi t was shown for 3DCRT over AP/
PA. However, for patients with PTVs in close 
proximity to the kidneys or with a high degree of 
overlap, the four-fi eld 3DCRT plans were supe-
rior, reducing the volume of the left kidney 
receiving 15 Gy. In the selected cases, IMRT led 
to a further decrease in the left kidney dose as 
well as in the mean liver dose. This study showed 
that geometric relationships between the target 
and the kidneys should be taken into account 
when choosing the best beam arrangement. Van 
der Geld et al. [ 86 ] also showed that a reduction 
in kidney dose was evident with IMRT; the 
authors also evaluated the potential benefi t of 
respiration-gated radiotherapy techniques, show-
ing no differences. More recently, Watanabe 
et al. [ 88 ] demonstrated that both intrafractional 
gastric motion and interfractional variability of 
the stomach shape were considerable during RT 
and thus recommended regular verifi cation of 
gastric movement and shape before and during 
RT in order to individualize treatment volume. 
Matoba et al. [ 50 ] compared a treatment plan-
ning approach using 4D-CT (plan A) and a 

 conventional planning with a uniform margin 
(plan B), using dose-volume histograms of the 
planning target volume and the organ at risk, as 
well as the dose coverage of the clinical target 
volume (CTV) assessed by weekly online cone-
beam CT during the treatment course. The mean 
PTV of plan A was signifi cantly smaller than that 
of plan B ( p  = 0.008). The mean doses to the liver 
and heart in plan A were signifi cantly lower than 
those in plan B ( p  = 0.02 and 0.03, respectively). 
The reductions of V(20Gy) of each kidney in 
plan A compared with those in plan B were 
4.8 ± 2.4 % in the right kidney and 16.3 ± 10.4 % 
in the left. There was no signifi cant difference in 
the dose coverage of the CTV between the plans 
during the treatment course. They concluded that 
treatment planning using 4D-CT for gastric 
MALT lymphoma was useful for minimizing the 
dose to organs at risk. In summary, in combina-
tion with treating the patient in a fasting state (to 
minimize stomach distension and movement), 
with oral contrast medium (Gastrografi n), mod-
ern radiation techniques allow a homogeneous 
dose delivery to the stomach and perigastric 
lymph nodes while sparing the surrounding nor-
mal tissues such as the kidneys and liver. 

 In our patient exclusive RT was utilized after 
progression of disease in August 2013. A CT 
simulation after 6 h of fasting and using oral 
contrast with barium sulfate was performed with 
patient in supine position and arms above the 
head. We utilized a 4D-CT to document stomach 
movement with free-breathing respiratory 
motion. The CTV encompassed the entire stom-
ach, while the internal target volume (ITV) cor-
responded to CTV enlarged to account for the 
movement of the stomach during the respiratory 
phases. An isotropic margin of 10 mm was added 
to ITV to obtain the PTV (Fig.  4.3 ). A total dose 
of 30 Gy in 20 fractions was delivered using 
image-guided volumetric radiation therapy 
(IGRT-VMAT), as shown in Fig.  4.4 . Treatment 
was well tolerated without any signifi cant toxic-
ity. PET-CT scan (Fig.  4.5 ) and upper endos-
copy, both performed 3 months after the end of 
treatment, showed a complete response of the 
MALT lymphoma, still persisting 20 months 
later.
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         Toxicity of Radiation Therapy 

 Acute toxicities are usually manageable during 
treatment and typically include anorexia, nausea, 
and vomiting. In the past, radiotherapy was often 
omitted because of concerns regarding the risk of 
perforation, hemorrhage, or late effects such as 
persistent renal damage. Mittal et al. [ 53 ], in a 
critical review of published studies in which an 
increased rate of gastric perforation had been 
described, identifi ed that only one of the 75 
 gastric perforations reported (1 %) had truly 
occurred during or after radiotherapy. On the 
other hand, the risk of gastric perforation at the 

time of diagnosis, but before treatment, was 4 % 
(25 of 626 patients). It has to be noted that of the 
25 patients with a gastric perforation before the 
starting of treatment, 16 had aggressive lympho-
mas and the other 9 NHL of the stomach without 
further subclassifi cation. Thus an aggressive his-
tology is probably a risk factor for perforation; 
the GIT NHL 01/1992 study reported no 
radiation- induced perforation or gastrointestinal 
hemorrhage among 185 patients with MALT 
lymphoma. 

 The risk of clinically signifi cant renal dam-
age or hypertension as a complication of pri-
mary radiotherapy of gastric lymphoma is very 
low. Maor et al. [ 48 ] studied 27 patients with 
gastric lymphoma in stage I or II, who had 
received at least 24 Gy of radiation to at least 
one third of the left kidney (unusual with cur-
rent radiation volumes and dose). Only two 
patients developed mild hypertension 
(150/90 mmHg) after high- dose renal irradia-
tion (irradiation of half, or all, of the left kidney 
with 40 Gy).  

    Summary 

 Radiation therapy is highly effective in the treat-
ment of gastric MZL with excellent results in 
terms of complete response rate and long-term 
durability. A planning procedure with 4D-CT is 

  Fig. 4.4    IMRT/VMAT dose distribution generated for 
the RT plan. The intensive modulation plays an important 
role in obtaining good-quality plan for this type of case 
and allows a good sparing of organs at risk (e.g., kidneys, 
outlined with  blue lines )       

a b

  Fig. 4.5    Complete response at PET-CT scan 3 months after the end of radiation therapy ( a ) axial ( b ) coronal       
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highly recommended to account for gastric 
movements during the respiratory phases. GTV 
volume should include gross disease (if present 
and evaluable at CT and PET-CT scan); CTV 
should encompass the entire gastric volume and 
perigastric lymph nodes, if visible. ITV is deter-
mined in the case of 4D-CT planning. PTV vol-
ume is infl uenced by setup variation; we advise 
an isotropic expansion of 5–10 mm over the fi nal 
ITV. We suggest to consider a total dose range 
between 24 and 30 Gy. Modern radiation tech-
niques, including 3DCRT and IMRT, are recom-
mended to reduce radiation of the kidneys and 
liver and keep the dose as low as reasonably 
achievable.   

    Ocular Adnexal Marginal Zone 
B-Cell Lymphomas (MALT 
Lymphomas) 

 Lymphomas of the ocular adnexa are a heteroge-
neous group accounting for approximately 1–2 % 
of all non-Hodgkin lymphomas and approxi-
mately 7–8 % of extranodal lymphomas [ 6 ,  28 ]. 
Ocular adnexa include the orbit, extraocular mus-
cles, conjunctiva, eyelids, lacrimal gland, and 
apparatus. The incidence of ocular adnexal lym-

phoma (OAL) has increased by 6.3 % annually in 
the period from 1975 to 2001, more rapidly than 
non-Hodgkin lymphomas at other extranodal 
sites (Moslehi et al. [ 55 ]). Ninety-fi ve percent to 
100 % of reported cases of OAL are B-cell neo-
plasms, and the majority are low grade. Extranodal 
marginal zone lymphoma of MALT type is the 
most common histologic subtype of primary 
OAL, constituting about 35–80 % of cases [ 51 ]. 

    Clinical Case 

 A 68-year-old woman was in her usual state of 
health until July 2014 when she fi rst appreciated 
a swelling on the left eyelid. At that time, she 
didn’t report any symptoms, like drenching night 
sweats, fevers, weight loss, or pruritus. After an 
ophthalmologic examination, an orbit CT dem-
onstrated a dimensional enlargement of the left 
lacrimal gland. A magnetic resonance imaging 
(MRI) confi rmed a superior-lateral mass of the 
left orbit that originated from the lacrimal gland 
and that caused deviation of the superior and lat-
eral rectus muscles (Fig.  4.6 ). She underwent an 
incisional biopsy with diagnosis of ocular adnexal 
MALT lymphoma (OAML). Further assessment 
including a complete history and physical exami-
nation, routine laboratory studies, serum protein 

a b

  Fig. 4.6    Axial ( a ) and sagittal ( b ) view of the left orbital lesion at the MRI scan       
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electrophoresis, serum LDH, β2-microglobulin, 
chest x-ray, and CT of the chest, abdomen, and 
pelvis were performed. Furthermore, she was 
evaluated for a  Chlamydophila psittaci  (Cp) 
infection resulting negative.

       Clinical Presentation 

 OAML are mostly seen in the fi fth to seventh 
decade of life (median age, 65 years), with female 
predominance (male–female = 1:1.5/2). In con-
trast, studies in Korean populations reveal a sig-
nifi cantly younger age (median, 46 years) at the 
time of diagnosis, with male rather than female 
predominance [ 15 ,  94 ]. 

 The most frequent site of origin is the orbit 
(40 %), followed by conjunctiva (35–40 %), lacri-
mal gland (10–15 %), and eyelid (10 %) [ 55 ]. 
Bilateral involvement occurs in 10–15 % of cases 
(80 % simultaneous, 20 % sequential events). 

 Conjunctival lesions typically present as 
mobile pink infi ltrates in the substantia propria 
(“salmon-pink patch”), causing conjunctival 
swelling, redness, and irritation. Orbital lym-
phoid proliferations are characterized by a pal-
pable, fi rm, or rubbery mass causing progressive 
proptosis, occasionally associated with perior-
bital edema, decreased visual acuity, motility dis-
turbances, and diplopia. The median interval 
between the onset of symptoms and time of diag-
nosis is variable, ranging from 1 month to 10 
years (median, 7 months). This delay can be 
attributed to the slow evolution of symptoms, 
especially in conjunctival lymphomas, which 
may masquerade as chronic conjunctivitis and 
frequently show an impressive initial response to 
topical steroids. Steroids may mask the clinical 
presentation and render pathologic diagnosis 
more diffi cult, frequently resulting in a need for 
repeat biopsy to establish the diagnosis [ 76 ].  

    Pathology and  Chlamydophila psittaci  
Infection 

 In the clinical case, the fi nal pathology demon-
strated OAML. OAML show similar histology 

and immunophenotype to MALT lymphoma in 
other sites. Tumor cells typically express IgM, 
and less often IgA or IgG, and show light chain 
restriction. The tumor cells of MALT lymphoma 
are CD20+, CD79a+, CD5−, CD10−, CD23−, 
CD43±, and CD11c± (weak). Infrequent cases 
are CD5+. The lymphoma cells express the mar-
ginal zone cell-associated antigens CD21 and 
CD35. Staining for CD21 and CD35 also typi-
cally reveals expanded mesh works of follicular 
dendritic cells corresponding to colonized folli-
cles [ 79 ]. The most frequent translocation in 
OAML, observed in 15–40 % of patients, is 
t(11;18)(q21;q21). The t(14;18)(q32;q21), 
t(1;14)(p22;q34), and t(3;14)(p14;q32) translo-
cations are found in up to 38 %, less than 5 % and 
20 % of patients, respectively [ 76 ]. 

 Cp is the etiologic agent of psittacosis, an 
infection caused by exposure to infected animals 
[ 11 ,  61 ]. Cp infection is detected in tumor tissue 
of 11 % of B-cell lymphomas [ 24 ]. The most 
important Cp-related tumor is OAML of the ocu-
lar adnexae, with prevalence rates between 47 
and 80 % in countries like Austria, Germany, 
Italy, and Korea [ 25 ].  

    Diagnosis and Staging 

 The initial evaluation of patients with OAL 
requires careful ophthalmologic examination 
and adequate tissue sampling for histopatho-
logic diagnosis. Further assessment for accurate 
staging and therapy planning includes a com-
plete history and physical examination; routine 
laboratory studies; serum protein electrophore-
sis; serum LDH; β2-microglobulin; chest x-ray; 
CT of the chest, abdomen, and pelvis; and bone 
marrow biopsy (controversial). CT and MRI 
with contrast enhancement are the primary 
imaging tools in the evaluation of ocular adnexal 
proliferations (Fig.  4.6 ). They aid in the assess-
ment of location, size, and degree of infi ltration; 
however, they cannot reliably distinguish 
between benign and malignant processes. 
Typical imaging appearance of a lymphoid 
lesion is a unifocal, homogeneous, well-circum-
scribed lesion of isodensity to slight hyper-den-
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sity, with mild to moderate contrast enhancement, 
and smooth, distinct borders, molding into adja-
cent tissues and displacing rather than infi ltrat-
ing orbital structures [ 78 ]. 

 Traditional staging of OAL has used the Ann 
Arbor system [ 13 ]. However, the limitations of 
this system for staging extranodal non-Hodgkin 
lymphomas, such as OAL, have long been recog-
nized, as these show different dissemination pat-
terns from nodal lymphomas. Under the auspices 
of the American Joint Committee on Cancer, a 
new TNM-based staging system has been devel-
oped to overcome the shortcomings of the Ann 
Arbor System [ 17 ]. 

 The majority (85–90 %) of patients with 
OAML present with localized disease (stage I). 
Nodal involvement is reported in approximately 
5 % of patients. In various case series, 10–15 % of 
patients have disseminated disease (stage IV) at 
initial presentation, including bone marrow 
involvement in approximately 5–8 % [ 76 ]. 

 Our patient presented with disease confi ned to 
one extranodal site, and therefore, she fell classi-
cally into a stage I disease.  

    Treatment and Outcome 

 In the determination of optimal therapy, several 
factors must be taken into account: (1) extension 
of disease, within and outside the periocular 
region, (2) prognostic factors related to the 
patient and the disease, and (3) additional consid-
eration of the functional impact of the treatment 
on the eye. Several standard treatment modalities 
are available for OAL, including surgical exci-
sion, RT, chemotherapy (single agent or combi-
nation regimens), and immunotherapy. Newer 
options such as radioimmunotherapy, “wait-and- 
see” policy, and doxycycline antibiotic therapy 
have been recently proposed and tested in small 
studies. 

 Surgical biopsy, mandatory to determine the 
histologic subtype of OAL, can be incisional or 
excisional, especially for localized and/or encap-
sulated lesions of the conjunctiva or lacrimal 
gland. Although a number of studies have 
included patients treated with surgery alone, 

local relapse has been reported more commonly 
in these patients compared with those who also 
received RT [ 15 ,  20 ,  44 ]. Two studies from Japan 
evaluated a “watch-and-wait” policy or no initial 
adjuvant therapy after surgical removal of a 
MALT lymphoma of the ocular adnexa [ 47 ,  80 ]. 
In Tanimoto series, 36 patients with a median age 
of 63 years were followed for a median of 7.1 
years. Of these, 17 patients progressed (47 %), 
but only 11 actually required treatment. All oth-
ers were free of progression (19/36, 53 %). In 
another retrospective analysis, Mannami et al. 
observed 12 patients with stage I OAML for a 
median duration of 50 months. None of the 
patients progressed during this time period. This 
strategy remains controversial but may be appro-
priate in frail elderly patients with asymptomatic 
disease or in the setting of severe comorbidities 
that preclude an aggressive therapeutic approach. 
However, even in this population, local radiation 
therapy can usually be given [ 76 ]. 

 There are limited data on chemotherapy for 
patients with OAML. A small number of single- 
center, retrospective case series have included 
patients treated with different chemotherapy 
regimens, such as COP/cyclophosphamide, 
vincristine, and prednisone (CVP ); cyclophos-
phamide, Adriamycin, vincristine, and predni-
sone (CHOP); cyclophosphamide, vincristine, 
procarbazine, and prednisone (C-MOPP); and 
chlorambucil, either alone or in combination 
with other modalities [ 30 ,  52 ,  68 ,  70 ], but only 
few reports contain detailed response rates and 
outcomes [ 30 ,  67 ,  74 ,  81 ]. Chlorambucil, given 
in a variety of doses, schedules, and combina-
tions, is the most frequently used chemother-
apy agent and has a highly favorable toxicity 
profi le, making it a suitable agent for the treat-
ment of frail, elderly patients. Irrespective of 
chemotherapy regimens, complete responses 
are observed in 67–100 % of patients; however, 
long-term outcome data suggest that local 
recurrence is the predominant cause of treat-
ment failure, occurring in up to 29 % of patients 
[ 76 ]. Several authors report successful salvage 
with RT in patients who experience local fail-
ure after initial treatment with chemotherapy 
[ 30 ,  74 ]. 
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 Phase 2 data by Conconi et al. [ 16 ], Raderer 
et al. [ 65 ], and Lossos et al. [ 45 ] using single- 
agent rituximab in previously untreated patients 
demonstrated overall response rates between 50 
and 87 %, but median time to disease progression 
was less than 1 year. Only a few case reports 
using single-agent rituximab in patients with 
OAML have been published [ 9 ,  16 ,  27 ,  35 ]. They 
confi rm the high activity of rituximab in both 
newly diagnosed and relapsed disease, but early 
recurrence is common, particularly in pretreated 
patients. An exciting new therapy has been devel-
oped in the form of the radioimmunoconjugate of 
90Y ibritumomab tiuxetan, which links the spe-
cifi c anti-CD20 antibody to the radioactive moi-
ety. Prospective clinical trial of 90Y ibritumomab 
tiuxetan for frontline treatment of stage IE indo-
lent ocular adnexal lymphoma in 12 patients 
showed complete response in ten patients and 
partial response in the other two, with no cases of 
cataract, dry eye syndrome, or radiation retinopa-
thy [ 21 ,  72 ]. 

 Based on the association between Cp infec-
tion and OAML, Cp-eradicating antibiotic ther-
apy has received attention as a novel treatment 
approach for this disease. Ferreri et al. [ 26 ] con-
ducted a prospective phase 2 clinical trial of 27 
patients (15 newly diagnosed and 12 relapsed) 
with OAML, using doxycycline 100 mg orally 
twice daily for 3 weeks. Cp infection was con-
fi rmed in 11 patients. Partial or complete lym-
phoma regression after antibiotic therapy was 
observed in 7 of 11 Cp-positive and 6 of 16 
Cp-negative patients, with an overall response 
rate of 48 %. The 2-year failure-free survival rate 
among patients treated with doxycycline was 
66 %. Given the variable prevalence of Cp infec-
tion in patients with OAML, empiric antibiotic 
treatment without prior testing for chlamydial 
infection cannot be generally recommended [ 33 ]. 
To shed more light on the effi cacy of antibiotics 
in the treatment of patients with OAML, Husain 
et al. [ 36 ] conducted a meta-analysis, identifying 
four studies with a total of 42 patients who had 
been treated with oral doxycycline. Objective 
documentation of response was available for only 
3 of 20 patients who reportedly achieved some 
response, whereas other 20 patients had stable 

disease and 2 progressed during antibiotic ther-
apy. After antibiotic therapy, seven patients 
developed disease recurrence, six of them within 
12 months of follow-up. Prospective trials with 
standardized objective response criteria and lon-
ger follow-up will be necessary to further evalu-
ate the role of antibiotics in the treatment of 
OAML in different geographic regions.  

    Role of Radiation Therapy 

 Radiation therapy is the treatment of choice for 
the majority of patients with localized 
OAML. Several retrospective studies, most of 
which include a variety of lymphoma subtypes, 
have documented the short- and long-term effi -
cacy and side effects of this therapeutic modality 
[ 19 ,  34 ,  43 ,  44 ,  77 ,  81 ,  84 ,  85 ]. Overall, RT leads 
to very high local control rates of 85–100 %. 
These outstanding results have to be balanced 
against frequent treatment-related toxicities and a 
substantial risk of distant recurrence (10–25 %) 
over at least 10 years after treatment. Most series 
report long-term relapse-free or disease-free sur-
vival rates (DFS) in the range of 70–90 % [ 76 ]. 
The majority of relapses in these series was dis-
tant and tended to occur in other sites [ 32 ,  43 ]. In 
the study of Tran et al. [ 83 ], only one patient 
experienced extra-orbital relapse; the discrep-
ancy in the rate of extra-orbital recurrence may 
refl ect in part the difference in methods of the 
initial staging investigations as well as the inten-
sity of follow-up screening investigations [ 49 ]. 
Several studies identifi ed that disease subsite 
may be a signifi cant prognostic factor with con-
junctival lesions having an excellent outcome and 
lacrimal tumors doing more poorly [ 49 ,  58 ]. 
Synchronous bilateral disease is well recognized 
in MZL and is of uncertain prognostic signifi -
cance. The prognostic impact of synchronous 
bilateral disease has varied across series, with 
some reports suggesting a higher rate of relapse 
in patients with bilateral orbital lymphoma pre-
sentations [ 32 ,  85 ]. Other studies do not report an 
elevated risk of relapse in this patient group [ 43 , 
 49 ,  62 ]. In a more recent study, four patients with 
bilateral MZL (three with synchronous and one 
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with metachronous disease) received bilateral 
orbital RT with curative intent, with no systemic 
relapses observed [ 83 ]. 

 There is no universally accepted radiation 
schedule for patients with OAML, and contro-
versy exists regarding the optimal radiation dose 
and fractionation. Several studies indicate that a 
dose of at least 25 Gy is required to provide opti-
mal local control and minimize the rate of local 
failures in OAML [ 19 ,  84 ,  85 ]. Le et al. [ 43 ] 
found no differences in local or distal recurrence 
and survival after radiation with less than or 
equal to 34 Gy compared with higher doses; 
however, signifi cant ophthalmologic toxicity 
with vision loss was observed after doses of more 
than or equal to 34 Gy. In the study of Rosado 
et al. [ 68 ], including 46 patients with stage I 
OAML, radiation therapy of 30–36 Gy (45 Gy in 
two patients) led to durable local control in 100 % 
of cases. More recently, Tran et al. [ 83 ] report the 
effi cacy of low-dose RT and fractionation (total 
24–25 Gy in 1.5–2 Gy fractions) in a retrospec-
tive analysis of 24 patients with orbital MZL, 22 
of whom were stage IEA. Only one local failure 
occurred at the electron beam penumbra, attrib-
uted to marginal miss. Two further relapses, one 
in the contralateral orbit and one systemic 
relapse, occurred in patients with initial stage 
IEA disease. Five- year progression-free survival 
and overall survival were 81 % and 100 %, 
respectively. It is worth to mention that currently 
there is an effort to further lower the dose to as 
low as 4 Gy in two fractions. Fasola et al. [ 23 ] 
have recently reported on 27 sites with ocular 
involvement treated with 4 Gy leading to a 2-year 
freedom from regional relapse rate of 96 %, with 
only one patient who relapsed outside of the radi-
ation fi eld and who was rescued with another 
4 Gy. These results are promising and might 
build a case to make this dose the standard of 
care in the future.  

    Radiotherapy Techniques 

 Radiotherapy techniques typically vary accord-
ing to disease location in the orbit: tumors con-
fi ned to superfi cial structures, such as the 

conjunctiva, eyelid, and lacrimal gland, can be 
approached with a direct electron beam using a 
lens-sparing device to avoid cataract formation, 
whereas retrobulbar tumors are treated with pho-
ton beam radiation. Questions regarding radio-
therapy technique, including the required target 
volume (entire vs. partial orbital irradiation) for 
different subsites of disease, degree of protection 
from smaller fractions and lens shielding, and the 
use of bolus to improve effi cacy, also need to be 
evaluated, as there are few data or little consensus 
available. 

 The fi rst issue is whether the entire orbit 
needs to be irradiated in all cases. Pfeffer et al. 
[ 63 ] noted an increased risk of relapse when par-
tial orbital irradiation was used, and Fung et al. 
[ 29 ] reported a posterior orbital relapse in a par-
tially treated orbit. Several series reported the 
use of partial orbital shielding without an 
increase in relapse rates [ 49 ,  73 ,  85 ,  92 ]. In most 
series this has involved the use of anterior elec-
tron beam therapy for superfi cial anteriorly 
located lesions. It appears that anterior orbital 
irradiation is effective in patients with conjunc-
tival and eyelid disease, but that partial orbital 
irradiation may lead to an increased relapse risk 
when the macroscopic disease extends even 
partly into the posterior orbital soft tissue [ 83 ]. 
The second issue relates to the use of lens shield-
ing in order to reduce the incidence of cataract. 
Such shielding may be associated with inadver-
tent tumor underdosing and must be used with 
caution, to avoid an increased risk of local 
relapse. Several reports have highlighted this 
risk, with local relapses attributed to inadvertent 
partial shielding of tumor [ 29 ,  85 ]. However 
other reports would suggest that the careful use 
of lens shielding don’t lead to treatment failure 
[ 43 ,  49 ,  73 ,  83 ]. The third technical issue is 
whether to use bolus to ensure that conjunctival 
tumors or other very superfi cially located lesions 
receive the full dose of radiation. In at least three 
reports, local failure in superfi cial disease sites 
occurred with no mention of the use of bolus 
[ 73 ,  85 ,  92 ]. In contrast, Goda et al. [ 32 ] report 
that bolus was not used routinely in their cohort 
unless there was frank skin involvement, with-
out an apparent increase in relapse rate. Table  4.2  
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presents an overview on the most important 
 retrospective studies regarding the role of radio-
therapy in OAML.

   In our patient, given the negativity of Cp 
infection, exclusive RT was utilized. The target 
volume included the entire orbit (Fig.  4.7a ) that 
was treated with photon beam radiation using 
image-guided volumetric radiation therapy 
(IGRT-VMAT), as shown in Fig.  4.7b . A total 
dose of 24 Gy in 12 fractions was delivered with-
out bolus and with slight cutaneous and conjunc-
tival toxicity. The MRI scan performed 2 months 
after end of radiation showed a good partial 
response, and at the clinical evaluation, the 
patient had a complete resolution of the eyelid 
swelling.

      Toxicity of Radiation Therapy 

 The rationale for using the lowest effective dose 
of radiation for orbital MZL is to reduce the 
incidence of both early and late toxicities. 
Immediate toxicity consists of mild to moderate 
cutaneous or conjunctival reactions. Long-term 
 complications are observed in up to 50 % of 
patients, including cataract formation (30–50 %) 
and xerophthalmia (20–40 %) [ 75 ]. In addition 
to RT dose, cataractogenesis is infl uenced by 
numerous risk factors such as age, familial pre-
disposition, diabetes mellitus, and drugs. A 
reduction in the incidence of cataracts from lens 
shielding has been documented in many but not 
all series evaluating this endpoint [ 10 ,  62 ]. 

   Table 4.2    Results of radiotherapy as fi rst-line treatment in patients with OAML   

 Reference, year 
 No. of 
patients  Stage I, %  Dose, Gy  CR, %  LR, %  DR, %  Survival, %  LRM, % 

 Stafford et al. 2001 [ 75 ]  40  85  15–54  98  2  25  5-year RFS 88 
 5-year OS 74 
 5-year DSS 100 

 0 

 Le et al. 2002 [ 43 ]  31  100  30–40  100  0  16  10-year PFS 71 
 10-year OS 73 

 3 

 Fung et al. 2003 [ 29 ]  48  81  30.6  100  8  25  10-year OS 81 
 10-year DSS 100 

 0 

 Hasegawa et al. 2003 [ 34 ]  20  95  30  100  5  20  10-year PFS 70 
 10-year DSS 100 

 0 

 Tsang et al. 2003 [ 84 ]  30  97  25  97  17  10  5-year DFS 74 
 5-year OS 97 

 ND 

 Uno et al. 2003 [ 85 ]  50  100  20–46  98  6  6  5-year OS 91  2 
 Lee et al. 2005 [ 44 ]  29  100  30–45  100  3  0  3-year EFS 93 

 3-year OS 100 
 0 

 Ejima et al. 2006 [ 19 ]  42  100  30–36  84  10  10  5-year PFS 77 
 5-year DSS 100 

 0 

 Suh et al. 2006 [ 77 ]  48  96  30.6  96  6  0  10-year DFS 93 
 10-year DSS 98 

 2 

 Tanimoto et al. 2007 [ 81 ]  58  94  30–40  83  9  2  10-year PFS 72 
 10-year OS 92 

 0 

 Nam et al. 2009 [ 58 ]  66  100  20–45  97  3  7.5  5-year RFS 92 
 5-year OS 96.4 

 ND 

 Goda et al. 2011 [ 32 ]  89  100  25  99  2  22.5  7-year OS 91 
 7-year DSS 96 % 
 7-year RFS 64 % 

 4 

 Tran et al. 2013 [ 83 ]  25  92  24–25  100  4  8  5-year PFS 81 
 5-year OS 100 

 0 

   OAML  ocular adnexal MALT lymphoma,  CR  complete remission rate,  LR  local recurrence rate,  DR  distal recurrence 
rate,  LRM  lymphoma-related mortality,  RFS  relapse-free survival rate,  OS  overall survival rate,  DSS  disease-specifi c 
survival rate,  PFS  progression-free survival rate,  DFS  disease-free survival rate,  EFS  event-free survival rate,  ND  not 
determined  
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Differences between series may refl ect varia-
tions in the technical method of lens shielding. 
Aside from cataractogenesis, the most common 
late toxicity reported after orbital irradiation is 
xerophthalmia. Kennerdell et al. [ 41 ] reported 
the development of mild xerophthalmia in 26 of 
54 patients with orbital lymphoma treated with 
low-dose RT, with 18 of 54 patients having 
chronic symptoms. In Tran et al. [ 83 ] study, nine 
patients (38 %) had grade 1 xerophthalmia, but 
most required the use of lubricating eye drops 
weekly or less often. Goda et al. [ 32 ], who used 
2.5 Gy per fraction to a total of 25 Gy, reported 
a 32 % incidence of dry eye but with four 
patients having grade 2–3 xerophthalmia. 
Radiation doses of more than or equal to 36 Gy 
may result in deleterious ophthalmologic toxic-
ity, such as ischemic retinopathy, optic atrophy, 
corneal ulceration, and neovascular glaucoma, 
associated with signifi cant vision loss [ 75 ].  

    Summary 

 Radiation therapy is highly effective and plays a 
major role in the treatment of OAML. A com-
plete staging with MRI of orbits and adjacent 
structures is recommended to better defi ne the 
target volumes. CTV should encompass the 
entire orbit, including extra-orbital extension if 

suspected. Partial orbital irradiation should be 
left to particular cases and used with caution. 
We suggest a CTV to PTV expansion of 5 mm. 
A total dose of 24 Gy is considered safe and 
effective. Modern radiation techniques, includ-
ing 3DCRT or IMRT, are recommended to 
reduce radiation of contralateral orbit. Bolus 
should be used in the case of conjunctival MZL; 
lens shielding should be used with caution to 
avoid target missing.      
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      Primary Mediastinal (Thymic) 
Large B-Cell Lymphoma                     

     Andrea     K.     Ng     

    Abstract  

  Primary mediastinal (thymic) large B-cell lymphoma (PMBL) is a dis-
tinct entity that arises from the thymic B cell, with clinical and patho-
logic features that differ from diffuse large B-cell lymphoma (DLBCL). 
In the era of immunochemotherapy, a variety of chemotherapy regimens 
have been used for PMBL, including rituximab, cyclophosphamide, 
doxorubicin, vincristine, and prednisone (R-CHOP); rituximab, metho-
trexate, leucovorin, doxorubicin, cyclophosphamide, vincristine, predni-
sone, and bleomycin (R-MACOP-B); rituximab, etoposide, leucovorin, 
doxorubicin, cyclophosphamide, vincristine, prednisone, and bleomycin 
(R-VACOP-B); and infusional dose-adjusted etoposide, prednisone, vin-
cristine, cyclophosphamide, and doxorubicin (EPOCH)-rituximab. The 
role of radiotherapy for PMBL is evolving. Phase II studies have inves-
tigated the use of chemotherapy alone, and retrospective analyses have 
explored a PET- guided approach on the radiotherapy decision. The use 
of PET response to guide decision on radiation therapy in PMBL is cur-
rently explored by a prospective randomized trial conducted by the 
International Extranodal Lymphoma Study Group (IELSG-37). While 
awaiting level I evidence, adjuvant radiotherapy should be strongly con-
sidered in patients with initial bulky disease or in those with a less than 
complete response to chemotherapy. Radiation therapy also plays an 
important role as part of salvage therapy in patients with relapsed or 
refractory disease after chemotherapy.  
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       Clinical Presentation and Pathology 

    Case 1 

  A 38-year - old man presented with dyspnea on 
exertion while playing basketball. Chest x - ray 
revealed mediastinal widening. Chest computed 
tomography  ( CT )  confi rmed a 9.5 × 7.4 × 4.8 cm 
anterior mediastinal mass. A Chamberlain proce-
dure was performed, and pathology showed pri-
mary mediastinal  ( thymic )  large B - cell lymphoma. 
Immunohistochemical studies showed that the 
neoplastic cells were CD20 - positive B cells , 
 which co - express CD45 ,  Bcl - 2 ,  Bcl - 6 ,  and CD30  
( subset ,  weak )  and were negative for CD5 ,  CD10 , 
 CD15, and EMA. Fluorescence in situ hybridiza-
tion  ( FISH )  analysis showed no evidence of MYC , 
 BCL2, and BCL6 rearrangement. The Ki - 67 pro-
liferative index was approximately 50  %.  

    Case 2 

  A 26-year - old woman presented to the emergency 
room with a several-day history of facial and 
lower neck swelling ,  cough ,  chest pressure, and 
voice changes. A chest CT revealed a 
10.2 × 5.0 × 4.8 cm anterior mediastinal mass 
with mild narrowing of the trachea ,  compression 
of the upper esophagus, and moderate narrowing 
of the right jugular vein and superior vena cava  
(Fig .   5.1 ).  A left neck biopsy showed primary 
mediastinal  ( thymic )  large B - cell lymphoma with 
similar morphologic ,  immunohistochemical, and 
cytogenetic fi ndings as Case 1. The Ki - 67 prolif-
erative index was approximately 80  %  in this 
case .

   Primary mediastinal (thymic) large B-cell 
lymphoma (PMBL) accounts for approximately 
5 % of all cases of non-Hodgkin lymphoma. The 

  Fig. 5.1    A chest CT showing a 10.2 × 5.0 × 4.8 cm anterior mediastinal mass with mild narrowing of the trachea, com-
pression of the upper esophagus, and moderate narrowing of the right jugular vein and superior vena cava       
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median age at presentation is in the third to fourth 
decades, with a female predominance [ 1 ,  2 ]. The 
majority of cases present with bulky disease 
localized to the anterior mediastinum, often with 
associated pleural and pericardial effusions. 
Superior vena cava syndrome is a common clini-
cal presentation. Although PMCL are largely 
localized at diagnosis, relapses tend to occur in 
extranodal organs such as the gastrointestinal 
tract, kidneys, adrenals, liver, and ovaries. 

 The postulated cell of origin of PMBL is thy-
mic B cell. Although previously classifi ed as a 
subtype of diffuse large B-cell lymphoma, in the 
World Health Organization (WHO) classifi ca-
tion, PMBL is considered a distinct entity [ 3 ]. 
Morphologically, immunophenotypically, and 
according to gene expression profi ling studies, 
PMBL is thought to be more closely related to 
classical Hodgkin lymphoma [ 4 ,  5 ]. The malig-
nant cells of PMBL express B-cell markers such 
as CD19 and CD20 but lack CD5 and CD10 
expression. Expression of CD30 is often present 
but is weak. More recently, the pathogenesis of 
PMBL has been associated with the Janus 
Kinase-Signal Transducer and Activator of 
Transcription (JAK-STAT) and nuclear factor 
kappa-b (NF-kb) signaling pathways, and over-
expression of PD-1 ligands has been identifi ed, 
fi ndings that may guide the development of new 
therapeutic targets for PMBL [ 6 – 8 ].   

    Staging and Prognostic Factors 

    Imaging 

    Case 1 
  Positron emission tomography - computed tomog-
raphy  ( PET - CT )  was performed ,  showing a 
large superior anterior mediastinal mass with 
intense fl uorodeoxyglucose  ( FDG )  uptake with a 
standardized uptake value  ( SUV )  max of 15.4  
(Fig .   5.2 ).

       Case 2 
  PET - CT was performed ,  showing FDG - avid dis-
ease involving the left supraclavicular region  
( SUV max 8.2 )  and the anterior mediastinum 

extending from the thoracic inlet to the level of 
the aortic root with an SUV max of 14  (Fig .   5.3 ).

    Blood work in both cases included complete 
blood count  ( CBC )  with differential ,  serum lac-
tate dehydrogenase  ( LDH ),  blood urea nitrogen  
( BUN ),  and creatinine ;  electrolytes were all 
within normal limits. Human immunodefi ciency  
( HIV ) and  hepatitis B and C serologies were neg-
ative. Bone marrow biopsies were performed in 
both cases ,  both showing no evidence of marrow 
involvement . 

 The staging workup for PMBL is similar to 
that for diffuse large B-cell lymphoma. Relevant 
history and physical examination include docu-
mentation of signs and symptoms that may be 
related to the mediastinal disease including chest 
pain, shortness of breath, cough, voice changes, 
facial or neck swelling, and chest wall masses. 
Imaging studies include PET-CT and optional 
chest CT with contrast which may aide subse-
quent radiation treatment planning. Although 
bone marrow involvement is rare in PMBL, bone 
marrow biopsy should be performed especially in 
the absence of evidence of bone/bone marrow 
involvement on PET-CT [ 9 ]. 

 Modifi cations to the Ann Arbor staging sys-
tem were recently made in the Lugano 
Classifi cation for the staging of lymphoma [ 9 ]. 
The designation of “X” for bulky disease was 
eliminated, and instead, it was recommended that 
the largest tumor diameter be recorded. This may 
be especially pertinent to PMBL, which tend to 
present with bulky disease. In addition, specifi -
cally for non-Hodgkin’s lymphoma, the designa-
tion of “B” symptoms was eliminated. 

 The overall prognosis of patients with PMBL 
has been shown to be more favorable than patients 
with diffuse large cell lymphoma [ 10 ]. The inter-
national prognostic index (IPI) and the subse-
quent revised IPI [ 11 ], developed for patients with 
aggressive non-Hodgkin lymphoma treated with 
anthracycline-based chemotherapy, can be extrap-
olated for use in patients with PMBL, although 
available data suggest that age-adjusted IPI may 
not be predictive of overall survival in patients 
with PMBL [ 10 ,  12 ]. In a recent study focusing on 
123 patients with PMBL treated with rituximab, 
cyclophosphamide, doxorubicin, vincristine, and 
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  Fig. 5.3    PET-CT showing FDG-avid disease involving the left supraclavicular region (SUV max 8.2) and the anterior 
mediastinum extending from the thoracic inlet to the level of the aortic root with an SUV max of 14       

  Fig. 5.2    Positron emission tomography-computed tomography (PET-CT) showing a large superior anterior mediastinal 
mass with intense fl uorodeoxyglucose (FDG) uptake with a standardized uptake value (SUV) max of 15.4       
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prednisone (R-CHOP) chemotherapy, the pres-
ence of pleural or pericardial effusion at diagnosis 
was the only factor that independently predicted 
for primary refractory disease or early relapse 
within 12 months [ 13 ].    

    Treatment 

    Case 1 

  The patient was initiated on R - CHOP chemo-
therapy. Restaging PET - CT after 3 cycles of che-
motherapy showed a partial response with a 
Deauville score of 4  (Fig .   5.4a ).  The patient 

completed 3 additional cycles of chemotherapy, 
and restaging PET - CT performed 4 weeks after 
the chemotherapy showed further response with 
a Deauville score of 2  (Fig.  5.4b ).  The patient 
was then referred for radiation therapy .

      Radiation Treatment 
  The patient was simulated in an arm - down posi-
tion with a Vac - LoK bag for immobilization and a 
face mask to keep the neck in an extended position. 
CT simulation was performed using a three - 
 dimensional scan and deep - inspiration breath-
hold technique. The planning CT was fused with 
the pre - chemotherapy PET - CT ,  and the clinical 
target volume  ( CTV )  was determined according to 

a b

  Fig. 5.4    ( a ) Restaging PET-CT after 3 cycles of chemo-
therapy showing a partial response with a Deauville 
score of 4 ( a ). ( b ) After 3 additional cycles of chemo-

therapy, restaging PET-CT performed 4 weeks after the 
chemotherapy showing further response with a Deauville 
score of 2       

 

5 Primary Mediastinal (Thymic) Large B-Cell Lymphoma



78

the International Lymphoma Radiation Oncology 
Group and involved site radiation therapy  ( ISRT ) 
 guidelines  [ 14 ,  15 ].  The CTV included the ini-
tially involved disease extent but excluded the 
previously displaced ,  uninvolved normal struc-
tures  ( lungs ,  major vessels ,  heart ,  bones ,  mus-
cles ) (Fig.  5.5 ).  An expansion to internal target 
volume  ( ITV )  was not performed because breath -
 hold technique was used. A 1 - cm CTV to plan-
ning target volume  ( PTV )  expansion was used to 
account for daily setup errors. A primarily ante-
rior - posterior / posterior - anterior beam arrange-
ment intensity-modulated radiation therapy  
( IMRT )  approach was used  (Fig .   5.6a ),  in order 
to reduce low doses to large volume of lungs. 
Since no lateral beams were used ,  the patient was 
simulated and treated in an arm -  down position  
( which is especially important in cases of female 
patients in which an arm - up position will bring 
more breast tissue into the radiation fi eld ).  This 
IMRT technique is referred to as the butterfl y 

technique  [ 16 ].  A total dose of 30 Gy in 15 frac-
tions was prescribed. The dose volume histogram  
( DVH )  is shown in  Fig .   5.6b .  The mean heart 
dose  ( MHD )  was 11.5 Gy, and the mean lung 
dose  ( MLD )  was 9.1 Gy. The lung V5 and V20 
were 42  %  and 20  %,  respectively .

         Case 2 

  The patient was started on dose - adjusted etopo-
side ,  doxorubicin ,  and cyclophosphamide with 
vincristine ,  prednisone ,  and rituximab  ( DA - 
 EPOCH -  R )  with prompt resolution of the facial 
and neck swelling. Restaging PET - CT after 3 
cycles of chemotherapy showed a complete meta-
bolic response  ( Deauville 2 ) (Fig .   5.7 ).  The 
patient received a total of 6 cycles of DA - 
 EPOCH -  R ,  and restaging PET - CT 1 month post - 
 chemotherapy showed continued complete 
response. Radiation oncology was not consulted 

  Fig. 5.5    CTV including the initially involved disease extent but excluding the previously displaced, uninvolved normal 
structures (lungs, major vessels, heart, bones, muscles).       

 

A.K. Ng



79

as complete remission was achieved and there 
were also concerns with late toxicity of mediasti-
nal irradiation in a young woman .

    At 5 months posttreatment ,  the patient pre-
sented with recurrent symptoms of chest pressure 

and cough. Chest CT showed a left - sided ante-
rior mediastinal mass  (Fig .   5.8 ).  A CT - guided 
biopsy revealed relapsed PMBL. PET - CT showed 
that the recurrent FDG - avid disease was limited 
to the mediastinum ,  with no other sites of disease 
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  Fig. 5.6    ( a ) Axial view showing IMRT planning with anteroposterior beam arrangement used. ( b ) Dose volume 
histogram       
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involvement. The patient underwent salvage che-
motherapy with R - ifosfamide ,  carboplatin ,  eto-
poside  ( ICE )  x 2 without improvement on 
PET - CT. The patient was then referred for radia-
tion therapy .

      Radiation Treatment 
  The same immobilization and breath - hold 
techniques as Case 1 were used in this case. 
The planning CT ,  with IV contrast ,  was fused 
with the PET - CT that showed the refractory 
disease after 2 cycles of salvage R - ICE chemo-
therapy. The CTV was the same as the gross 

target volume  ( GTV ),  and similar to Case 1 ,  a 
1 - cm CTV to PTV expansion was used  (Fig .  
 5.9 ).  Given the chemotherapy refractoriness of 
the disease ,  a total dose of 50.4 Gy in 28 frac-
tions to the PTV was prescribed ,  with plan for 
an autologous stem cell transplantation post-
radiation therapy. An initial AP - PA approach 
was used to a dose of 39.6 Gy in 1.8 Gy frac-
tions ,  followed by oblique fi elds off the spinal 
cord for an additional 10.8 Gy  (Fig .   5.10 ).  The 
DVHs are shown in  Fig .   5.11 .  The MHD and 
MLD were 13.0 Gy and 13.2 Gy ,  respectively. 
The lung V5 and V20 were 47.2  %  and 22.5  %, 
 respectively .

     The optimal treatment for PMBL is controver-
sial. In the era of chemoimmunotherapy, the 
addition of rituximab to CHOP-based chemo-
therapy for PMBL has been shown to signifi -
cantly improve event-free survival rates from 
approximately 50–80 % [ 17 ,  18 ]. A variety of 
multi-agent chemotherapy regimen has been 
used for the treatment of PMBL, including 
R-CHOP; rituximab, methotrexate, leucovorin, 
doxorubicin, cyclophosphamide, vincristine, 
prednisone, and bleomycin (R-MACOP-B); 
rituximab, etoposide, leucovorin, doxorubicin, 
cyclophosphamide, vincristine, prednisone, and 
bleomycin (R-VACOP-B); and infusional dose- 

  Fig. 5.7    Restaging PET-CT after 3 cycles of chemotherapy showing a complete metabolic response (Deauville 2)       

  Fig. 5.8    Chest CT showing a left-sided anterior mediasti-
nal mass       
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adjusted etoposide, prednisone, vincristine, 
cyclophosphamide, and doxorubicin (EPOCH)-
rituximab therapy [ 19 – 22 ]. When used in con-
junction with radiotherapy, excellent treatment 
outcome with an approximately 90 % disease- 
free survival can be achieved [ 20 ,  21 ]. 

 The role of adjuvant radiation therapy is 
evolving. Phase II studies have explored chemo-
therapy regimens including dose-dense R-CHOP 
x 3 followed by ICE [ 23 ] and DA-EPOCH-R [ 22 ] 
without radiation therapy, showing promising 
results. A retrospective series from British 
Columbia explored a PET-guided approach on 
the radiation therapy decision, and among the 35 

  Fig. 5.9    The planning CT, with IV contrast, was fused 
with the PET-CT showing refractory disease after 2 cycles 
of salvage R-ICE chemotherapy. The CTV was the same 

as the gross target volume (GTV), and, similar to Case 1, 
a 1-cm CTV to PTV expansion was used       

  Fig. 5.10    An initial AP-PA approach to a dose of 39.6 Gy 
in 1.8 Gy fractions, followed by oblique fi elds off the spi-
nal cord for an additional 10.8 Gy       

  Fig. 5.11    The DVHs are shown       
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of 59 (59 %) patients who achieved PET-negative 
disease at the end of chemotherapy, 33 did not 
receive radiation therapy. In these PET-negative 
patients, there were 6 relapses (4 in the mediasti-
num), yielding a 5-year time to progression of 
78 %, which did not differ signifi cantly from 
patients with residual PET-positive disease who 
received radiotherapy, leading to the authors’ 
conclusion that PET guidance may reduce radio-
therapy use while maintaining good outcome. A 
recent Italian study showed similar disease-free 
survival rates between 23 patients with PET- 
negative disease after chemotherapy and did not 
receive radiation therapy versus 51 patients with 
PET-positive disease after chemotherapy and 
treated with radiation therapy (90 % vs. 90.7 %) 
[ 24 ]. The use of PET response to guide decision 
on radiation therapy in PMBL is currently 
explored by a prospective randomized trial con-
ducted by the International Extranodal 
Lymphoma Study Group (IELSG-37). In this 
study, patients with PMBL without evidence of 
extranodal disease outside of the chest are treated 
with at least 6 cycles of rituximab and 
anthracycline- based chemotherapy. PET-CT is 
performed 5–6 weeks post-chemotherapy, and 
patients with complete metabolic response are 
randomized to 30 Gy of mediastinal irradiation 
versus observation. 

 In the fi rst case, the decision to add radiother-
apy was based on the initial bulk of the disease 
and the initially slow response to chemotherapy. 
Given an excellent response was ultimately 
achieved at the end of chemotherapy, the clinical 
target volume defi ned according to the ISRT was 
limited in nature. The modest radiation volume 
and dose of 30 Gy, along with deep-inspiration 
breath-hold technique, signifi cantly reduce the 
amount of heart and lungs in the treatment fi eld. 

 In patients with relapsed PMBL, response to 
salvage chemotherapy is inferior to that of dif-
fuse large B-cell lymphoma [ 25 ], as illustrated 
in Case 2. Radiotherapy plays an integral part 
in the salvage treatment of this patient given the 
localized nature of her relapsed/refractory dis-
ease in an attempt to achieve a minimal disease 
state prior to the autologous stem cell trans-
plantation. As the disease was refractory to the 

salvage chemotherapy, a higher dose of 50 Gy 
was used [ 26 ]. With pre-transplant chest radio-
therapy, it is anticipated that the patient will 
likely experience increased risk of pneumonitis 
and esophagitis during the transplant. The long-
term risk of breast cancer with chest radiother-
apy in young women is often raised as a 
concern. However, it is important to note that 
this is entirely based on long- term data from 
women with Hodgkin lymphoma treated with 
historical mantle fi eld radiation therapy. In this 
particular case, the foremost priority is control 
of her refractory lymphoma. Her long- term 
breast cancer risk, were she to survive the lym-
phoma, will likely be attenuated by the chemo-
therapy effect on her ovarian function [ 27 ,  28 ]. 

 PMBL is an entity with distinctive underlying 
biology, clinical presentation, response to initial 
and salvage treatment, patterns of relapse, and 
overall prognosis. In the era of effective immuno-
chemotherapy and PET assessment of response 
to systemic therapy, the role of radiation therapy 
is unclear and is currently being addressed by the 
IELSG-37 trial. An important goal in the man-
agement of PMBL is maximizing cure upfront, 
given the known poor response of the disease to 
salvage therapy. With modern radiotherapy doses 
and techniques, radiation exposure to organs at 
risk can be kept to a minimum thus reducing 
treatment-related toxicity.       
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      Plasmacytoma and Multiple 
Myeloma                     

     Richard     Tsang     

    Abstract  

  In this chapter, two challenging cases of plasma cell neoplastic diseases 
are presented. The fi rst is a solitary plasmacytoma, diagnosed in a setting 
of POEMS syndrome (Dispenzieri, Am J Hematol 89(2):214–223, 2004). 
This illustrates the potential curative nature of radiation therapy in this rare 
disease. The second case is the more common multiple myeloma, treated 
with systemic chemotherapy and autologous peripheral blood stem trans-
plantation, but with unusual spread to the central nervous system. The case 
presentations will be followed by a discussion of the salient clinical evalu-
ation and management in each case, with a focus on the role of radiation 
therapy and the sequencing of various therapies applied in these unusual 
and challenging clinical scenarios.  

       Clinical Presentation 1: Solitary 
Plasmacytoma of the Scapula 
in a Patient with POEMS Syndrome 
( P olyneuropathy,  O rganomegaly, 
 E ndocrinopathy,  M onoclonal 
Plasma Cell Disorder, and  S kin 
Abnormalities) 

 A 60-year-old woman presented with numbness 
and progressive weakness of her legs over 3–4 
months. She also complained of some weight 
loss and blurriness of vision. When assessed by 

an ophthalmologist, she was diagnosed with pap-
illedema, cause unidentifi ed. She developed dia-
betes mellitus requiring an oral hypoglycemic. 
Her leg weakness progressed to the point where 
she was not able to walk, and her arms started to 
be weak too. She was found to have a thrombocy-
tosis between 640 and 860 × 10 9 /L. She had fur-
ther weight loss of 30 lbs and had developed 
generalized edema affecting her body (anasarca). 
At this time, about 12 months after her initial 
symptoms, she was admitted to hospital for 
investigations and saw a hematologist who sus-
pected POEMS syndrome and a plasma cell pro-
liferative disorder. She had a signifi cant past 
medical history of (1) IgA nephropathy with 
chronic renal failure 14 years previously and 
treated initially with hemodialysis for 5 years and 
then a renal allograft transplant. She was 
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 maintained on immunosuppression with myco-
phenolate mofetil and tacrolimus. (2) Transient 
ischemic attack 1.5 years previously with com-
plete occlusion of the right internal carotid artery 
on ultrasound, no sustained neurologic defi cits. 

 Her clinical examination confi rmed bilateral 
papilledema, a bilateral symmetrical sensory 
motor neuropathy of both arms and legs (worse 
in legs), a borderline enlarged right cervical 
lymph node (1.5 cm) but no other lymphade-
nopathy, moderate anasarca, and splenomeg-
aly. She has no skin changes or other 
organomegaly noted. She denied bone pain. 
Her ECOG performance status was 4 because 
she was completely bedridden. Her investiga-
tions showed the following: normal hemoglo-
bin and white cell count and platelets elevated 

as above. Albumin was low at 29 g/L. Serum 
creatinine, calcium, liver function tests, and 
β 2 microglobulin were all normal. HIV test is 
negative. Electromyography testing confi rmed 
a severe demyelinating sensorimotor polyra-
dicular neuropathy. Her skeletal survey and CT 
and MR scans showed a 4 cm (trans-
verse) × 7 cm (craniocaudal) lytic-sclerotic 
lesion in the right scapula (Figs.  6.1  and  6.2 ), 
with an associated soft tissue mass in the sur-
rounding musculature. There were no skeletal 
abnormalities elsewhere. CT scan also con-
fi rmed splenomegaly and moderate ascites, but 
no generalized lymphadenopathy apart from 
the borderline right cervical lymph node. 
Blood and urine were negative for monoclonal 
proteins, and serum light chains were normal. 

a

c

b

  Fig. 6.1    ( a – c ) Axial CT scan slices showing a mixed sclerotic lytic lesion in the right scapula. There was associated 
soft tissue swelling in the surrounding musculature       
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Bone marrow biopsy shows mild hypercellu-
larity, but plasma cells were normal (<5 %). 
There was no evidence of multiple myeloma. A 
biopsy of the right scapula mass showed plas-
macytoma, with the abnormal plasma cells 
lambda restricted, and a low Ki-67 prolifera-
tion rate of 3 %. Biopsy of the right neck node 
revealed Castleman’s disease, multicentric 
type. FDG-PET scan showed solitary uptake in 
the right scapula lesion, with SUV max  value 
24.3 (Fig.  6.3 ). Subsequently she also had an 
elevation of serum vascular endothelial growth 
factor (VEGF) documented. She was  diagnosed 
with POEMS syndrome, with a solitary plas-
macytoma involving her right scapula. There 
was no evidence of multiple myeloma.

        The Diagnosis of POEMS Syndrome 
and Solitary Plasmacytoma 

 POEMS syndrome is a rare condition with the 
acronym representing some (but not all) key 
paraneoplastic features of the syndrome:  p oly-
neuropathy,  o rganomegaly,  e ndocrinopathy, 
 m onoclonal plasma cell disorder, and  s kin abnor-
malities. There are established diagnostic criteria 
with the mandatory ones being polyneuropathy 
and a monoclonal plasma cell disorder [ 1 ]. In 

addition, one of three major criteria and one of 
six minor criteria are required to secure the diag-
nosis [ 1 ]. In this case, the solitary plasmacytoma 
serves as one of the mandatory criteria, despite 
the absence of systemic multiple myeloma [ 1 ]. 
The co-diagnosis of Castleman’s disease and a 
sclerotic bone lesion serves as major criteria. 
Bone lesion, if present in POEMS syndrome, is 
characteristically sclerotic [ 2 ], in contrast with 
solitary plasmacytoma without POEMS that is 
typically a purely lytic lesion. She also has a 
plethora of minor criteria conditions, character-
ized by splenomegaly (organomegaly), diabetes 
(endocrinopathy), thrombocytosis with prior 
thrombotic disease, papilledema, and edema. 
However she did not have characteristic features 
of skin changes such as hyperpigmentation or 
acrocyanosis [ 3 ] nor pulmonary manifestations 
[ 4 ]. Patients with POEMS syndrome have these 
disparate symptoms and signs, and it is quite 
common to have some typical features but not 
others, which is the reason why it is diffi cult to 
diagnose, in addition to its rarity (prevalence 
<0.5 per 100,000). Delays in establishing a diag-
nosis is unfortunately common with median time 
from onset of symptoms to diagnosis of 19 
months in a series of 38 patients [ 5 ], similar to 
that observed in this case. The pathogenesis of 
POEMS is poorly understood, but it is known 

a b

  Fig. 6.2    Axial ( a ) and coronal ( right panel ) CT scan with bone windows, showing the partly sclerotic and partly lytic 
nature of the lesion. Note splenomegaly in the coronal CT ( b )       
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that treating the underlying monoclonal plasma 
cell disorder can result in improvement of the 
syndrome [ 1 ,  6 ,  7 ]. There is no documentation of 
IgA nephropathy to be associated with develop-
ment of POEMS or plasma cell diseases, although 
one can speculate whether the immunosuppres-
sion might have a role in her developing the 
plasma cell neoplasia. It appears that elevated 
VEGF levels refl ect the disease activity, but anti- 
VEGF therapy alone has not been successful sug-
gesting that it is another manifestation of the 
disease rather than having a causative role [ 1 ]. 

 The workup of a suspected diagnosis of soli-
tary plasmacytoma is directed to exclude multi-
ple myeloma. The following criteria must be 
satisfi ed: a biopsy-confi rmed single lesion with 

negative skeletal imaging elsewhere, normal 
bone marrow biopsy (<10 % clonal plasma 
cells), and no myeloma-related organ dysfunc-
tion (normal blood counts, calcium and renal 
function) [ 8 ,  9 ]. A monoclonal protein can be 
present in blood or urine, but it is usually only 
minimally elevated. Solitary plasmacytomas 
present more commonly in the bone, and usual 
symptoms are pain, neurologic compromise 
(e.g., from vertebral lesion causing nerve or spi-
nal cord compression), and sometimes patho-
logic fracture. It is unusual to be locally 
asymptomatic as in this case with the scapula 
lesion. Solitary plasmacytoma uncommonly 
presents in an extramedullary site (20 %), usu-
ally as a soft tissue mass in the head and neck 

a

c

b

  Fig. 6.3    PET/CT scan (axial slices) at initial diagnosis 
( a ,  left ), 6 months ( b ,  middle ) and 16 months ( c ,  right ) 
after radiation treatment (35 Gy). The right scapula osteo-
sclerotic solitary plasmacytoma is avid for FDG uptake 

with SUV max  of 24.3 prior to RT, decreasing to 10.7 at 6 
months, and became normal (1.4) at 16 months, and meta-
bolic local control was maintained at 4.5 years follow-up. 
However some sclerosis of the bone persisted       
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areas [ 10 ]. After adequate local treatment, it is 
known that an extramedullary presentation is 
associated with a lesser probability of 
 progression to multiple myeloma [ 10 ], in con-
trast with a bone presentation where the disease 
recurs as multiple myeloma with a high likeli-
hood, usually within 5–10 years [ 9 ,  11 ].  

    Treatment Management 

 When the patient was assessed for radiation 
therapy, she was severely disabled and totally 
bedridden (ECOG performance status 4) due to 
her neuropathy and generalized edema. She 
required frequent care in hospital, and have not 
experienced any improvement following multi-
ple pulse treatments with high-dose glucocorti-
coids and intravenous immunoglobulin 
treatment. It was elected to treat her with radia-
tion therapy to the right scapula lesion, her only 
documented plasmacytoma. She received 35 Gy 
in 15 fractions (2.33 Gy fractions) over 3 weeks. 
This shorter regimen was chosen as she required 
inter- hospital transfer daily for her RT. Other 
acceptable regimens in common use are 
40–45 Gy in conventional fractionation. 
However one of the largest multi-institutional 
reviews showed no evidence of dose response 
beyond 30 Gy in terms of local control, regard-

less of size of the tumor [ 11 ]. A 3D conformal 
treatment plan was used choosing beam angles 
and segmental fi elds to minimize lung exposure 
(Figs.  6.4  and  6.5 ). She tolerated RT well and 
was transferred to a rehabilitation facility fol-
lowing completion of radiation. At 6 months 
follow-up, she improved neurologically with 
recovery in her arms, but still unable to walk. 
Her edema resolved. Her serum VEGF level 
returned to normal. Repeat FDG PET/CT scan 
showed improvement in the scapula lesion, 
SUVmax decreased to 10.7 and no new lesions 
detected. Repeat bone marrow biopsy remained 
negative. One year following RT, she started to 
ambulate and was able to be discharged home. 
Repeat FDG PET/CT scans 16 months and 21 
months post-RT showed complete metabolic 
response (no visual uptake in the right scapula), 
although CT scan continues to show some resid-
ual sclerosis at the local site. The patient func-
tioned well apart from residual mild leg 
weakness.

    Four years after RT, she experienced some 
worsening of her motor strength, and investiga-
tions revealed a recurrence of her POEMS syn-
drome with multiple FDG PET-avid spinal 
sclerotic lesions (Fig.  6.6 ) which were new, 
although small and asymptomatic. The scapula 
lesion remained controlled with no FDG uptake. 
She had elevation of serum VEGF (875 pg/ml). 

a b

  Fig. 6.4    Radiation treatment of right scapula plasmacy-
toma. ( a )  Left panel : Contours of the bony GTV ( red line ), 
CTV ( green line ), and PTV ( blue line ). ( b )  Right panel : 

Isodose distribution, with prescribed dose 35 Gy and the 
objective of PTV covered by the 95 % isodose line 
33.25 Gy       

 

6 Plasmacytoma and Multiple Myeloma



90

However her bone marrow biopsy remained neg-
ative for multiple myeloma, and she maintained 
absence of M-protein in blood and urine. After a 
brief course of chemotherapy with oral cyclo-
phosphamide and prednisone, she received an 
autologous peripheral blood stem cell transplant 
with conditioning regimen consisting of melpha-
lan 200 mg/M 2  and tolerated it well. Her further 
follow-up is awaited.

        Discussion 

 Radiation therapy is the standard treatment for 
solitary plasmacytoma. In the presence of 
POEMS syndrome, provided that there is no evi-
dence of a bone marrow plasma cell clone, radia-
tion therapy is the best initial treatment, even for 
up to three isolated bone lesions. In one of the 
largest series of POEMS patients from the Mayo 

a b

  Fig. 6.6    PET/CT scan (axial slices) at time of relapse of 
disease, 4 years after radiation therapy to the plasmacy-
toma of the right scapula, showing multiple bone lesions 

in the spine, with FDG uptake at C5 spinous process ( a ) 
and right sacroiliac joint ( b )       

a b

  Fig. 6.5    RT treatment of right scapula plasmacytoma. Isodose distributions on CT coronal perspective ( a ) and sagittal 
perspective ( b ) and bone windows. The sclerotic lytic nature of the lesion is best appreciated on the sagittal image       
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Clinic ( n  = 146), 38 patients (26 %) satisfi ed this 
criteria and hence was found suitable for radia-
tion therapy (RT) [ 5 ]. After median RT doses of 
35–54 Gy (median 45 Gy), up to half of patients 
had clinical improvement or stability of POEMS- 
related symptoms, but most have some residual 
disability as in this case. With median follow-up 
of 43 months, the 4-year overall survival was 
97 %, although eventually 48 % of patient 
required subsequent salvage therapy due to neu-
rologic deterioration or worsened bone disease 
[ 5 ]. Most were treated with autologous stem cell 
transplantation, as in this case [ 12 ]. The expected 
5-year progression-free survival is 75 % with 
transplant [ 12 ]. The pretreatment disease features 
associated with a poor prognosis were pulmonary 
impairment with a DCLO <75 % and elevated 
urinary total protein [ 5 ]. The case described in 
this report did not have these adverse features. 
Response to RT is also prognostic, not surpris-
ingly, but as the case illustrates, residual sclerosis 
persist for many months to years after treatment, 
not indicative of disease, and this makes routine 
radiographs or CT scans diffi cult as a means to 
assess for residual disease. FDG PET is very 
helpful in this regard, but the response is very 
gradual as observed in this case, with a slow 
decrease in metabolic activity over a period of a 
year, with disappearance of metabolic activity 
only after 16 months from completion of 
RT. Local control has been maintained even when 
the patient progressed with multiple sclerotic 
lesions in her thoracic spine, as demonstrated by 
lack of FDG uptake in the scapula prior to her 
receiving the autologous stem cell transplant. 

 Although it is common practice to give a 
higher dose than 30–35 Gy for solitary plasmacy-
toma, with some historical data showing a lower 
local relapse rate of 6 % with doses of ≥40 Gy, 
compared with 31 % for lower doses [ 13 ], a large 
series from multiple institutions showed no evi-
dence of improved local control with doses rang-
ing 30–50 Gy, even for tumors >4 cm in maximum 
diameter [ 11 ]. In the case under discussion, a 
dose of 35 Gy in a slightly hypofractionated regi-
men have resulted in local control with a 4.5 years 
follow-up duration from RT. In general, a local 
control rate of 85–90 % is expected from RT for 

solitary plasmacytoma. Gross target volume and 
clinical target volume require careful defi nition 
of the bone disease and soft tissue infi ltration, if 
present, taking care to encompass adjacent bone 
which may contain microscopic disease; this can 
be done using an MRI and following the abnor-
mal signal seen in the bone/bone marrow to 
include it in the CTV; this is based on the fact that 
myeloma is a marrow disease, and initially it 
starts by forming a tumor collection before it gets 
to produce the lytic lesion that can be seen on CT 
or to much lesser degree on a simple X-ray. As a 
general rule CTV is made by adding information 
from PET scan (avid sites) + MRI abnormal sig-
nal in the marrow + CT scan (typically lytic 
abnormality). In general PTV would vary 
depending on the site to be treated taking into 
consideration internal organ motion as well as 
daily setup, but generally no more than 2 cm is to 
be added if bone site is considered. Coverage of 
the whole bone is not required. In general regional 
nodes are not required to be covered as nodal fail-
ures are rare, with the exception that if the plas-
macytoma was extramedullary and involve a 
lymphatic structure (e.g., Waldeyer’s ring), the 
drainage lymph node region deemed at high risk 
of subclinical disease may be treated. 

 In summary this case illustrates the usefulness 
of defi nitive radiation therapy for solitary plas-
macytoma, complicated by a rare debilitating 
paraneoplastic POEMS syndrome. Dramatic 
improvement in the POEMS syndrome was 
observed following RT, although this can take 
many months. Relapse of the disease with new 
bone lesions occurred and salvage treatment with 
an autologous peripheral blood stem cell trans-
plant was required 4 years after the initial 
treatment.  

    Clinical Presentation 2: Relapse 
of Multiple Myeloma in the Central 
Nervous System 

 A 58-year-old man presented with a 2-month his-
tory of diffuse bone pain. He was traveling abroad 
and sought medical attention and was found to be 
anemic. By the time he returned home, he was 
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unwell with anorexia, fatigue, and worsening 
bone pain. He presented to emergency depart-
ment and was hospitalized for investigations. He 
was found to be anemic (hemoglobin 89 g/L) and 
slightly hypercalcemic (2.66 mmol/L), with a 
high total protein and low albumin (29 g/L). He 
was in renal failure with serum creatinine 
243 umol/L. Imaging with CT/MRI scans showed 
multiple lytic lesions throughout his skeleton. 
Serum protein electrophoresis shows a major 
M-spike of 73 g/L, an IgG kappa. Bone marrow 
biopsy showed 80 % infi ltration with clonal 
plasma cells, kappa restricted. There were no 
adverse cytogenetics fi ndings [such as t(4;14), 
t(14;16), del17p, etc.] by fl uorescent in situ 
hybridization. His β 2  microglobulin was elevated 
to 14.3 mg/L. A diagnosis of multiple myeloma 
was established, and he had stage III disease 
according to the international staging system 
[ 14 ]. He was initiated on systemic chemotherapy 
with cyclophosphamide, bortezomib, and dexa-
methasone (CyBorD regimen) for fi ve cycles, 
along with pamidronate on a monthly basis. He 

had improvement in his condition, and his 
M-protein dropped dramatically to <2 g/L. His 
bone pain resolved, and he did not require radia-
tion therapy; however he did receive vertebral 
kyphoplasty to some of his lumbar vertebra. Six 
months following initial diagnosis, he received 
an autologous peripheral blood stem cell trans-
plant with the conditioning regimen of melphalan 
200 mg/M 2 . Posttransplant he remained in com-
plete remission of his myeloma and was started 
on maintenance lenalidomide 5 mg daily. He 
developed deep venous thrombosis and was 
started on anticoagulation treatment. Eight 
months after stem cell transplant, he started to 
have visual disturbance and also headaches and 
vomiting. He presented to the emergency depart-
ment, and CT and MR scans show a large left 
occipital mass with hemorrhage (Fig.  6.7 ). A cra-
niotomy was performed and tumor was resected, 
and the pathology showed plasmacytoma. 
Postoperative CT scan showed gross tumor 
removal was achieved (Fig.  6.8 ). A lumbar punc-
ture showed that cerebrospinal fl uid contained 

a b

  Fig. 6.7    Relapse of myeloma with an extramedullary 
plasmacytoma of the brain, with a left parietal-occipital 
mass on CT scan ( a ) and MR scan ( b , T1 imaging). Mixed 

area of hemorrhage is evident within the mass. There was 
minimal midline shift       
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numerous abnormal monoclonal plasma cells. 
His serum and urine M-protein remained very 
low, with no evidence of systemic myeloma on 
repeat bone marrow biopsy.

       Treatment Management for CNS 
Disease 

 Central nervous system (CNS) involvement by 
myeloma is rare, although there are a number of 
case reports in recent years within the era of novel 
agents being commonly used in this disease with 
some prolongation of survival [ 15 – 17 ]. The 
development of CNS myeloma can be in the form 
of parenchymal brain disease and/or leptomenin-
geal involvement. Dura masses, often as a result 
of a lytic lesion in the skull bone, may be associ-
ated with a soft tissue mass which can compress 
or invade into the dura and should not be consid-
ered as true CNS disease. However, such dural 
involvement if obviously infi ltrating through the 
dura and invading into brain or spread through the 
leptomeninges should be properly regarded as 
CNS disease. The CNS could be a relative sanctu-
ary site for the novel agents in myeloma, such as 

the immunomodulatory drugs (thalidomide, 
lenalidomide) and the proteasome inhibitors 
(bortezomib, carfi lzomib). In the case illustrated 
in this review, the patient has relapse of disease 
confi ned to the CNS with no detectable recur-
rence in the bone marrow. Therefore, following 
multidisciplinary review of treatment options, 
despite the expected poor prognosis, it was elected 
to give CNS-directed therapy with intrathecal (IT) 
chemotherapy to clear the CSF fi rst, followed by 
consolidative craniospinal radiation. Through an 
intraventricular Ommaya reservoir inserted by 
neurosurgery, the patient proceeded with three 
doses of triple intrathecal chemotherapy with 
methotrexate 12 mg, cytarabine 40 mg, and 
hydrocortisone 15 mg, given over 2 weeks. His 
CSF became clear of plasma cells. Two additional 
IT treatments were given, and this was followed 
with craniospinal radiation therapy 30 Gy in 15 
fractions to the brain, and the spinal dose was a 
slightly lower 24 Gy in 15 fractions. Lateral 
opposing fi elds were used to treat the brain and 
cervical spine, with a direct PA fi eld (and seg-
ments) to the rest of the whole spine matched for 
divergence (Fig.  6.9 ). The junction was moved for 
a distance of 1 cm twice, after 5 and 10 fractions. 
Moderate doses were chosen as a trade-off 
between maintaining effectiveness for CNS con-
trol following clearance of the gross disease (in 
the brain with surgery and the CSF disease by IT 
chemotherapy) while attempting to limit toxicity 
for both acute (esophagus, bone marrow reserve), 
and late effects. The dose-volume histogram with 
target dose of 30 Gy to the brain is shown in 
(Fig.  6.10 ). The patient had completed therapy 
and further follow-up is awaited.

        Discussion 

 In general the predominate role of radiation ther-
apy in patients with multiple myeloma is for bone 
pain due to lytic bone disease, if it had not been 
well controlled on systemic chemotherapy, and 
for any neurologic compromise due to spinal 
cord or nerve root compression in the vertebral 
column or base of skull [ 8 ]. Palliative regimens 

  Fig. 6.8    CT scan postsurgical resection of the plasmacy-
toma of the brain. No residual gross disease was evident. 
There was minor postsurgical change along the dura in the 
left occipital area       
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of 10–30 Gy given over 1–3 weeks have been 
effective, and repeat treatments for the same bony 
site are seldom required [ 18 ]. It should be noted 
that for palliative bony sites, the target should be 
limited only to the gross disease noted on imag-
ing with a margin. This is particularly important 
to avoid unnecessary radiation dose to the mar-
row causing myelosuppression and possible 
long-term myelofi brosis in a patient population 
where future systemic therapy is the mainstay of 
their treatment. 

 For spinal cord compression, a longer fraction-
ated course (30 Gy in 10–15 fractions over 2 
weeks) may give a better functional outcome than 
a shorter course [ 19 ] . Despite the incurable nature 
of multiple myeloma, even with 1–2 autologous 
stem cell transplantation procedures, the use of 
novel agents and the sequencing of different 
agents together with use of maintenance therapy 
have improved the survival rate of contemporarily 
treated patients [ 20 ]. Perhaps this explains the 
emergence of the more frequent observation of 
disease progressing to extramedullary sites such 
as the CNS, as a possible sanctuary site to chemo-
therapy [ 15 – 17 ]. Treating CNS disease is a chal-
lenge as these patients tend to be older (median 
age of patients with myeloma at diagnosis is over 

60 years) and have been heavily pretreated, some 
with signifi cant medical comorbidities and also 
complications of their myeloma treatment such as 
neuropathy or thrombotic disease (as in this case). 
Also there could be systemic relapse of the dis-
ease and also the complications of extensive lytic 
bone disease to be managed at the same time. In 
the case under discussion, the patient is relatively 
young (under 60) and has no systemic relapse of 
myeloma. There were both parenchymal and lep-
tomeningeal diseases, and the tumor cells adopted 
a high proliferation rate by histologic assessment. 
Therefore the clinical decision was made to offer 
aggressive CNS-directed therapy to optimally 
control the CNS. From a review of a series of 37 
patients with CNS myeloma, it appeared that 
approaches incorporating CNS radiation pro-
duced the best CNS control and also survival 
duration of >1 year [ 17 ]. Several of the “longer- 
term” survivors were treated with craniospinal 
radiation to doses of up to 30 Gy [ 17 ]. However 
one must keep in mind that the overall median 
survival expected is still short, in the range of 2–4 
months, and only 9 (out of 37) patients survived 
for a duration of more than 1 year (median 
17.1 months, range 1.1–5.6 years) in one series 
[ 17 ].

a b

  Fig. 6.9    Craniospinal radiation treatment. Lateral oppos-
ing fi elds treat the brain and cervical spine, with collima-
tor rotation to match the divergent PA spinal fi eld ( a ) and 

the isodose distribution ( b ) with the cranial dose 30 Gy 
and the spinal dose 24 Gy (given over 3 weeks)       
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     Conclusions 

 In summary, the two challenging cases presented 
in this report illustrated the effective use of radia-
tion therapy in solitary plasmacytoma, under the 
rare circumstance of a paraneoplastic POEMS 
syndrome, and also an infrequent observation of 
multiple myeloma with spread to the central ner-
vous system. While the usual and common use 
of palliative radiation therapy for bone disease is 
hardly considered “challenging,” with the advent 
of effective novel systemic treatments for 
myeloma and patients living longer with their 
disease, unusual circumstance will continue to 
arise where radiation therapy may play an 
important role in management, as well as con-
siderations with sequencing with other therapies 
and also devising overall treatment plans that are 
effective and yet safe.      
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    Abstract  

  The role of radiation in the treatment of leukemia is becoming a crucial 
part of managing these patients. This is mainly the result of the improve-
ment in the survival of patients affected by leukemia. Living longer made 
it possible for a local control offered by radiation to refi nd its way to the 
daily management of this disease. 

 We will discuss three of the most common scenarios where radiation is 
helpful in patients affected with leukemia.  

       Lymphoblastic Lymphoma: Clinical 
Presentation, Pathology, Treatment, 
and Role of Radiation 

  Case 1 :  A 32 - year - old man presented with 
increased shortness of breath and chest pain to 
the emergency room. A chest X - ray showed wid-
ening mediastinum  (Fig.  7.1 );  a computed tomog-
raphy  ( CT )  scan showed a large anterior 
mediastinal mass extending superiorly to the level 
of the thyroid cartilage on the left side and inferi-
orly to the level of the anterior hemidiaphragms , 
 along with matted adenopathy that is also present 
in the posterior mediastinum extending to the 
crura of the hemidiaphragms ;  and pleural effu-
sion was noted on the left side  (Fig.  7.2 ).

     A transthoracic core biopsy was done  
(Fig.  7.3 ),  and the diagnosis of T - lymphoblastic 
lymphoma was made. The pathology specimen 
revealed prominent population of aberrant T 
cells  ( 75  %  of total cells ),  which are positive for 
CD1a ,  surface CD3 ,  CD4 ,  CD7 ,  CD8 ,  and CD45 
and negative for CD33 .

    The proliferation index is approximately 80 –
 90  %  by Ki - 67 stain. The rest of the workup 
included bone marrow biopsy and blood work to 
rule out blood involvement ,  and they both came 
back negative . 

    Clinical Presentation and Pathology 

 Lymphoblastic lymphoma (LBL) is mainly a 
T-cell neoplasm (90 %) [ 1 ] that resembles acute 
lymphoblastic lymphoma (ALL) with no or low 
risk for bone marrow involvement. It is grouped 
with ALL in the 2008 WHO classifi cation [ 2 ]. 
The lack of bone marrow involvement (<25 % of 
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blasts) along with a mediastinal mass originating 
from the thymus forms the unique presentation 
that makes this disease a distinct entity. Clinically, 

the hallmark is a mediastinal bulky disease in a 
young man, and the ratio of male to female is 2:1. 
Often, the mediastinal mass will grow to a size 
that will cause acute symptoms that will send the 
patient to the emergency room. Symptoms might 
include shortness of breath, chest pain, and supe-
rior vena cava syndrome. The mediastinal mass is 
often associated with a pleuropericardial effusion 
[ 3 ]. According to our institutional data, 70 % of 
patients present with stage III/IV, 70 % with 
mediastinal involvement, and only 9 % with CNS 
disease at presentation. Other groups reported up 
to 20 % CNS disease especially with no CNS pro-
phylaxis. Other sites of involvement, although 
<10 %, includes the spleen/liver, kidney, bone, 
and skin. 

 Pathologically it is a neoplasm of immature T 
cells. This is also refl ected by different stages of 
maturations seen. A recent study showed that the 
level of maturation could actually affect the clini-
cal outcome. Early T-cell precursor (ETP) differ-
entiation stage (recently immigrated cells from 
the bone marrow to the thymus and with a typical 
phenotype of CD1a−, CD8−, and CD5− and pos-
itivity for myeloid antigens) was associated with 
a lower remission rate as well as median survival 
compared to no ETP subtypes including thymic 
and mature subtypes [ 4 ]. 

  For the patient in case 1 ,  after completing 
workup including assessment of the heart and 
liver function ,  he was initiated on treatment as per 

  Fig. 7.1    Chest X-ray at presentation showing widening 
mediastinum       

  Fig. 7.2    CT chest at presentation showing the disease 
starting at the left neck to the lower mediastinum with 
pleural and pericardial effusion       

  Fig. 7.3    Showing the biopsy taken from the mediastinal 
mass       
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our institutional guidelines using leukemia -  like 
regimen hyper - CVAD  ( hyper -  cyclophosphamide , 
 vincristine ,  doxorubicin ,  and dexamethasone ) 
 alternating with high - dose cytosine arabinoside  
( Ara - C )  and methotrexate for a total of 8 cycles 
given usually over 4 – 5 months. There was no 
attempt to drain the pleural effusion. Every attempt 
was made to control and prevent tumor lysis syn-
drome. Concomitantly ,  the patient received cen-
tral nervous system  ( CNS )  prophylaxis using 
intrathecal chemotherapy with methotrexate on 
day 2 ,  and Ara - C on days 7  and  8 of each cycle. An 
interim CT chest at the completion of 4 cycles 
showed almost complete disappearance of the 
mediastinal mass with a bone marrow still show-
ing no evidence of disease. At the completion of 
chemotherapy and before starting maintenance 
therapy ,  the patient was referred for consolidation 
radiation therapy ; Fig.  7.4   shows the status of the 
mediastinum at completion of his chemotherapy .

       Treatment of LBL with Chemotherapy 

 The cornerstone of treatment of LBL is leukemia- 
like regimens, which differ from one institution 
to another. The treatment regimens used are 
based on the successful experience in treating 
childhood leukemia. The German group regimen 
NHL-BFM 90 resulted in an outstanding 5-year 
event-free survival in children of 90 % [ 5 ]. 

Building on the pediatrics experience, the 
University of Texas MD Anderson Cancer Center 
reported a good outcome in adult leukemia using 
hyper-CVAD [ 6 ]. The same regimen was used for 
the treatment of patients with LBL with 91 % 
achieving complete remission and a 3-year 
progression- free and overall survival of 66 % and 
70 %, respectively. Other investigators adopted 
different regimens, but it is widely accepted that 
more intensive regimens are superior, and it is 
also accepted that adding CNS prophylaxis 
decreases the risk of CNS relapse that could be as 
high as 26 % [ 7 ]. After completion of induction 
and consolidation chemotherapy, which in case 1 
was 8 cycles of alternating hyper-CVAD and high 
MTX-Ara-C, patients will start maintenance 
therapy for 2 years consisting of intravenous 
POMP (6 mercaptopurine, methotrexate, vincris-
tine, and prednisone). 

  The patient in case 1 ,  as per our institutional 
policy ,  presented to the radiation oncology 
department to receive consolidation radiation 
therapy to the mediastinal area at the completion 
of his last chemotherapy cycle. It was insured 
that his blood counts have completely recovered 
with an absolute white blood cell count of  > 1500 . 

  The patient was simulated in a supine position 
with arms down using an immobilization cradle 
to insure the reproducibility of the position of the 
neck in relation to the chest as well as the arms ’ 
 positions in relation to the chest  (Fig.  7.5 ).  The 
isocenter was placed 2 in. below the sternal 
notch. Computed tomography  ( CT )  scan was 
obtained spanning from the mid head to the 
below the diaphragmatic crus to insure encap-
ture of the entire lung  ( this is crucial as shown 
below for the daily verifi cation of the treatment ). 
 At our institution and for all patients to be treated 
for thoracic targets ,  we do use deep inspiration 
breathhold  ( DIBH )  technique. Patients are also 
treated on a 10 °– 15 °  incline board to displace 
mammary tissues in females inferolaterally and 
away from the radiation fi eld. It also helps dis-
place the heart inferoposteriorly and facilitate 
DIBH  [ 8 ].  The patient in case 11  (Fig.  7.5 )  was 
coached prior to the simulation for the breath-
hold by watching a video showing the procedure 
in details. Respiration was monitored with a 
video - based ,  noninvasive system that includes an 

  Fig. 7.4    Showing the complete remission at the end of 
chemotherapy       
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infrared tracking camera and refl ective marker  
( RPM  [ real - time position management ]  system  
(Fig.  7.6 ),  Varian Medical Systems ,  Palo Alto , 
 CA ).  The patient performed DIBH and received 
feedback via video goggles to improve the stabil-
ity and reproducibility of breath amplitude .

     At the time of treatment simulation ,  3 – 4 
breathhold - gated non - contrast CT scans were 
acquired with axial 2.5 - mm slices. Imaging data 
were transmitted to a Pinnacle treatment plan-
ning system  ( Phillips Healthcare )  where contour-
ing of the tumor target and surrounding organs at 
risk as well as treatment planning was performed . 
Figure  7.7a–c   shows the clinical target volume  
( CTV ,  red )  and planning target volume  ( PTV , 
 green ).  Both contours were guided by fusing the 
CT simulation images with the initial contrast - 
 enhanced CT .

    IMRT plans were generated with a Pinnacle 
treatment planning system. Coplanar 6 - MV pho-
tons were used with 6 beams all anterior - 
 posterior weighted according to our in in - house  
“ butterfl y ”  technique  [ 9 ] (Fig.  7.8 ).  Involved - site 
radiation therapy was used for target delineation 
as per published guidelines from the International 
Lymphoma Radiation Oncology Group  ( ILROG ) 
[ 10 ].

   Figure  7.9   shows the IMRT plan generated. 
Only the mediastinal disease was included in the 
target volume. There was no attempt to chase the 
pleural or pericardial effusions. Additionally ,  the 
distal part of the mediastinum in the anterior 
aspect of heart was not included either in an 
effort to limit heart toxicity. The total dose was 

30.6 Gy in 17 fractions. IMRT was delivered by a 
linear accelerator with step - and - shoot multi - leaf 
collimation. Low - dose CT on rails was used for 
daily image guidance  ( Varian Medical Systems ) 
(Fig.  7.10 ).  Both the lungs and heart structures 
were delineated on the treatment - planning scan 
to generate lung and heart dose - volume histo-
gram  ( generated by the Pinnacle system ) 
(Fig.  7.9c ).

        Role of Radiation 

 The clinical presentation with a bulky mediasti-
nal mass makes it appealing to address the local 
disease with radiation therapy to prevent local 
relapse. This is an approach that has been 
adopted in other disease subtypes where medias-
tinal diseases have a similar presentation, includ-
ing Hodgkin’s lymphoma and primary 
mediastinal large B-cell lymphoma. The evi-
dence for the benefi t of radiation in LBL comes 
mainly from subset analysis in large studies and 
several retrospective studies. The role of radia-
tion was questioned based on a 47 % mediastinal 
relapse rate in a publication by Hoelzer et al. 
[ 11 ]. However, among the 45 treated patients, 
the rate of complete remission was 93 %; out of 
the 15 (30 %) patients who relapsed, 7 patients 
relapsed in the mediastinum. Arguably that 
means that 8 did not relapse in the mediastinum, 
and also arguably there are 30 patients who did 
not even relapse and the mediastinal area was 
controlled. The authors though did not conclude 
that radiation should not be used. On the contrary 

  Fig. 7.5    Showing the details of the setup       

  Fig. 7.6    Showing the RPM box placed on a cartoon 
illustration       
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  Fig. 7.7    ( a ,  b ) Showing the CTV ( green ) and PTV ( red ). ( c ) Showing the CTV ( green ) and PTV ( red ). Omitting the 
part where the mass hanging in front of the heart and avoiding the area of the pleural effusion           

a
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b

Fig. 7.7 (continued)
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c

Fig. 7.7 (continued)
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  Fig. 7.8    Showing the beam arrangement used as per the 
butterfl y technique       

  Fig. 7.9    ( a ) Showing the isodose lines sparing the lung from the low dose by only using anteroposterior beams. ( b ) 
Coronal view. ( c ) Showing the dose-volume histogram for case 1           

a
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they suggested that in certain patients intensifi -
cation of therapy including chemotherapy and 
radiation by increasing the dose from 24 to 
36 Gy to the mediastinum. One could also argue 
that may be 24 Gy is not enough to control the 
mediastinum, as discussed below. Radiation to a 
dose ≥30 Gy proved to improve both local con-
trol and disease-free survival. In spite of that, 
omitting radiation especially in intensifi ed regi-
mens that included high-dose therapy was tried 

by GOELAMS. The authors compared re-induc-
tion chemotherapy against intensifi ed condition-
ing followed by stem cell transplantation; they 
reported 7-year OS and DFS of 64 % and 65 % 
with little information on the local control [ 12 ]. 
In the recently published GRAALL-LYSA LL03 
study, 148 patients (90 % with T-cell LBL) were 
prospectively treated with a pediatric-like leuke-
mia protocol, with CNS prophylaxis and 2 years 
of maintenance therapy. There were 34 relapses, 
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yielding a 3-year event- free survival of 63 % and 
overall survival of 74 %. No mediastinal radia-
tion was given. Of the 131 patients with T-LBL, 
30 relapsed and went on to be salvaged. At the 
last follow-up, 82 of the assessed patients were 
still in CR. However, there was no information 
on patterns of relapse and the risk of mediastinal 
failure. 

 Our institution has reported different out-
comes, and we have highlighted in multiple pub-
lications the importance of radiation in local 
control and disease-free survival. 

 In a study by Thomas et al., 33 patients with 
LBL were treated with hyper-CVAD. Seventeen 
of the 23 patients with mediastinal disease 
received mediastinal radiation, and only 1 of the 
17 relapsed in the mediastinum [ 13 ]. In a subse-
quent publication [ 14 ] on 47 patients with T-LBL, 
none of the 19 patients who received mediastinal 
radiation had mediastinal relapse, as compared to 
8 patients with mediastinal relapse among the 24 
patients who did not receive radiation. We 
updated our experience recently with a more 
modernly treated cohort. Mediastinal radiation 
was given to 50 of 77 patients. Mediastinal 
relapse occurred in 3 of 50 (6 %) patients who 
received radiation, as opposed to in 7 of 27 (27 %) 
relapses among those who did not receive radia-
tion. These results translated into an improve-
ment in disease-free survival [ 15 ]. 

 The discrepancy in treatment is mainly derived 
from the fear of toxicity that could be seen with 
radiation even decades later, especially that these 

patients who have received intensive chemother-
apy. Radiation oncologists should be aware of the 
treatment-related toxicity as well as of the expec-
tations when treating this disease. The role of 
radiation is purely to address the mediastinal dis-
ease and not to chase after small disease or 
involvement that might compromise the critical 
organs, in this case the heart and lung. There have 
been major technological advances that made it 
possible for us to target the area of interest while 
keeping the critical organs at risk safe from radia-
tion [ 10 ]. There have been recent data suggesting 
that lower-dose threshold for critical organs 
should be used in radiation therapy for hemato-
logical malignancies as compared to the ones 
accepted for solid tumors [ 16 ]. Additionally, 
refi ning and perfecting planning using modern 
techniques such as IMRT [ 9 ] have made it possi-
ble to reduce the volume exposed to the prescrip-
tion dose. However, robust immobilization and 
control of internal organ motion such as use of 
DIBH technique are critical. 

  The patient in case 1 completed his radiation 
and went on to receive his 2 - year maintenance. 
Today he is 3 years out and he is still in complete 
remission .  

    Role of Craniospinal Radiation 
in Leukemia 

  Case 2 :  A 39 - year - old man presented with left 
lower leg pain. Ultrasound was notable for a 

  Fig. 7.10    CT on rail done for verifi cation       
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deep venous thrombus. He was initiated on rivar-
oxaban for treatment of DVT and had an IVC fi l-
ter placed. At the same time ,  he was noted to have 
abnormal blood counts and therefore had a 
workup ,  which included a bone marrow biopsy 
that showed B - lineage acute lymphoblastic leu-
kemia. Bone marrow obtained had 94  %  blasts 
with immunophenotyping positive for CD20 , 
 CD19 ,  and HLA - DRTdT cytogenetics with 47 xy 
plus x ,  white blood cell count reportedly 120 , 000 
per microliter. CSF obtained through a spinal tap 
showed no involvement. The patient was initiated 
on induction chemotherapy with rituximab and 
hyper - CVAD. Day 28 bone marrow showed a 
complete morphologic remission but with persis-
tent minimal residual disease. He received a total 
of 7 intrathecal therapies ,  all with cytarabine. 
Completed 8 cycles of chemotherapy and went on 
to start maintenance therapy .   

    Clinical Presentation and Treatment 
of Leukemias 

 Leukemias are typically classifi ed according to 
the cell of origin and into acute and chronic. 
Myeloid neoplasms arise from bone marrow pro-
genitor cells that develop into granulocytes, 
erythrocytes, monocytes, or megakaryocytes. 
Lymphoid neoplasms arise from cells that nor-
mally develop into B or T lymphocytes. Further, 
chronic are mature cells, while acute are imma-
ture cells; it is also possible for transformation of 
a chronic leukemia into a more acute. 

 The leukemias of lymphoid origin include 
precursor B- and T-cell lymphoblastic leuke-
mia (i.e., acute lymphoblastic leukemia, ALL), 
chronic lymphocytic leukemia/small lympho-
cytic lymphoma (CLL/SLL), and B- and T-cell 
prolymphocytic leukemia. Leukemias of 
myeloid origin include acute myelogenous 
leukemia (AML) and chronic myelogenous 
leukemia (CML). 

 In addition to morphology, examined by an 
experienced hematopathologist, the classifi cation 
of leukemia also relies on immunophenotyping 
and cytogenetics. The impact of the current 
advancement in diagnosis is major since it can 

not only determine the prognosis, and the risk of 
developing CNS disease or extramedullary dis-
ease, but also guides decision on chemotherapy 
regimens, the need for maintenance chemother-
apy, the use of high-dose autologous or alloge-
neic transplant, and the type of central nervous 
system prophylaxis to be applied. Some exam-
ples to highlight the aforementioned are high- 
dose Ara-C in AML especially in the presence of 
inversion 16 (t16;16)(p13;q22), which has a more 
favorable prognosis [ 17 ,  18 ]; hyper-CVAD/high- 
dose MTX and Ara-C for ALL [ 6 ]; the need for 
high-dose chemotherapy and transplant in 
Philadelphia-positive (t(9;22) BCR-ABL) trans-
location ALL which affect 20–30 % of adult 
ALL; the addition of a tyrosine kinase inhibitor 
like imatinib or dasatinib [ 19 ,  20 ] in those with a 
higher risk for CNS relapse [ 21 ], such as in AML 
patients with inversion 16 and complex cytoge-
netic; and the use of targeted therapy with tyro-
sine kinase inhibitors in chronic myelogenous 
leukemia [ 18 ], arsenic trioxide in AML M3 
t(15:17) [ 22 ]. 

  For the patient in case 2 ,  at 12 months from 
the initiation of his maintenance therapy ,  he 
presented with low counts ,  headache ,  and loss 
of vision in the left eye. A repeat bone marrow 
biopsy showed a hypocellular marrow with 
30  %  blasts and recurrence of the plus X and an 
additional 17p ,  consistent with B - lineage 
ALL. Immunophenotyping was positive for 
CD34 ,  CD10 ,  CD22 ,  cytoplasmic CD79A ,  and 
CRLF2. No translocations were noted on trans-
location panel. Cytogenetics showed a 47 xy 
plus x inversion 17 in three metaphases and a 
47 – 48 xy idem in 5 metaphases. Repeat CSF 
evaluation showed abundant blasts. MRI of the 
brain and spine were both normal. He was 
started on moxetumomab  ( an anti - CD22 mouse 
monoclonal antibody )  on clinical protocol ,  as 
well as intrathecal chemotherapy. After 4 
cycles ,  his bone marrow showed near - complete 
response with minimal residual disease. 
Unfortunately ,  his CSF continued to show 
blasts ,  and additionally he presented with 
decreased vision in his left eye ,  which on exam 
showed a sharply demarcated white discolor-
ation in his cornea  (Fig.  7.11 ).
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   Patients with ALL are at risk for CNS disease 
[ 23 ], with risk ranging from 20 to 50 %, while it 
is less common in patients with AML [ 24 ]. The 
observed toxicity of cranial radiation has deterred 
medical oncologist from using it. Alternatively 
high-dose and intensive chemotherapy regimens 
that can cross the blood-brain barrier as well as 
direct intrathecal therapy are used. Nevertheless, 
the survival of leukemia in general has improved 
substantially [ 25 ,  26 ] with the availability of mul-
tiple targeted therapies that addresses the sys-
temic disease, which might leave the sanctuary 
sites only partially addressed. This is applicable 
also in the case of high-dose chemotherapy even 
in the setting of allogeneic transplant. Therefore, 
radiation has recently emerged as an attractive 
approach specifi cally to patients that have proved 
that they are sensitive to the systemic therapy but 
with persistent disease in the CNS. In our institu-
tion, it became the standard of care to deliver cra-
niospinal irradiation (CSI) prior to transplant. In 
cases where total body irradiation, typically of 
12 Gy, is planned as part of the conditioning, we 
give a CSI dose of 12 Gy in 6 treatments, then we 
immediately proceed with the TBI on days −4 to 
−6, and then we transplant cell infusion on day 0. 
It is important that CSI is delivered prior to the 
transplant. This is because if CNS relapse occurs 
in the setting of bone marrow remission in an 
engrafted patient, CSI can compromise the graft. 
Additionally, the CNS disease can potentially 
reseed back into the blood/bone marrow. In a 
recent study from MD Anderson, the role of CSI 

in 163 adults with leukemia was addressed and 
compared to those who received more limited 
radiation. The 1-year CNS progression-free sur-
vival was 77 % for those who received CSI or 
whole brain irradiation, compared to 51 % for 
those who received base of skull irradiation only. 
Furthermore, comprehensive radiation with CSI 
mostly benefi ted patients with negative marrow 
in the pretransplant setting [ 27 ]. 

  Patient in case 2 underwent a sibling matched 
donor allogeneic stem cell transplant ,  and as 
part of the conditioning regimen ,  CSI was deliv-
ered to a total dose of 24 Gy using proton therapy 
in an effort to decrease the exit dose through the 
anterior critical organs including the thyroid , 
 lung ,  heart ,  gastrointestinal ,  and pelvic struc-
tures  (Fig.  7.12a, b ).

   Commonly, CSI is delivered using photon 
which should be an acceptable alternative in 
places where proton therapy is not available. 
Photon in a prone position provides the ability to 
visually check the matching gaps between fi elds, 
thus a safer delivery of this technically challeng-
ing treatment. Photon CSI can also be delivered 
in a supine position where the gaps are managed 
with IMRT. When using proton CSI, it is impor-
tant for the team involved to be well versed in the 
proton delivery, specifi cally to pay attention to 
the distal beam edge which carries a higher RBE 
at the end tail. Ideally, in the case where CSI is 
not part of a myeloablative regimen including 
TBI, proton CSI can spare the vertebral bodies 
(which forms 50 % of the marrow). When using 
proton in this setting, attention should be directed 
to the higher RBE that can reach up to 1.6 at the 
distal beam edge [ 28 ,  29 ]. For that reason, the 
beam edge should be placed anteriorly to encom-
pass 1/3 or more of the vertebral bodies to avoid 
the high RBE at the beam tail from falling into 
the cord. However, in cases where the CSI is 
delivered prior to a myeloablative conditioning 
regimen, this is less of an issue, and the fi eld can 
encompass the majority of the vertebral bodies. 

 When treating the brain either as part of a CSI 
or whole brain irradiation, both eyes have to be 
included in the fi eld, one because they are consid-
ered part of the meninges/CNS and second 
because of the high risk of eye involvement with 

  Fig. 7.11    A sharply demarcated white discoloration in 
the patient’s cornea       
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  Fig. 7.12    ( a ) Proton, edge of the beam is mid-vertebral 
body to avoid the high RBE at the distal beam edge from 
falling into the cord. ( b ) Cross-sectional view of the pro-

ton isodose lines, sparing some of the vertebral bodies, 
and overshooting where the tissue density is lower (lung)         

a

b
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leukemia. In the case presented here, the fi eld 
extended anteriorly to fl ash the anterior chamber. 
However, it is acceptable in general to omit the 
anterior chamber because of the rarity of the 
occurrence of disease there [ 30 ]. In the case of 
cornea/iris involvement, it is believed that the 
risk increases with disease relapse, and it is 
thought to result from disruption of the epithelial 
cells secondary to chemotherapy [ 31 ]. 

  The patient went on to receive his allogeneic 
transplant after minimal residual disease in his 
marrow was confi rmed. He did well with no 

major side effects. At day 100 evaluation ,  he was 
found to have a molecular relapse ,  but his CSF 
continued to remain negative ,  and he regained 
full vision in his left eye  (Fig.  7.13 ).

    At that time he was started on blinatumomab , 
 a monoclonal antibody  and  a bispecifi c T - cell 
engager. At the last follow - up 7 months posttrans-
plant ,  the patient is still in remission ,  by morphol-
ogy ,  cytogenetics ,  and FISH analysis of the bone 
marrow. His last CSF study was also negative . 

 Radiation oncologist often faced with the situa-
tion where the patient presents with spinal disease 

  Fig. 7.13    The patient regained full vision in his left eye       

  Fig. 7.14    Spine MRI showing leptomeningeal disease       
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but negative MRI. Often these patients are heavily 
treated including numerous intrathecal therapy, 
multiple systemic therapies, and or allogeneic 
transplant. In these cases it is advisable to give a 
comprehensive therapy based on the fact that the 
brain and spine are in a continuum as part of the 
CNS, and it is a matter of time before the brain will 
show disease too. Arguably the same logic applies 
to when the brain has disease while the spine is 
negative by imaging but with positive CSF. 

  Here I describe a 37 - year - old man with ALL 
heavily pretreated who presented with lower 
extremity weakness and bowel incontinence to 
the emergency room. MRI of the spine  
(Fig.  7.14 )  showed thick leptomeningeal dis-
ease coating the thoracolumbar spine as well 
as the sacrum ,  CSF packed with blasts. 
Although the radiation oncologist recom-
mended to treat comprehensively the brain and 
spine ,  the medical oncology team decided 
against it. The patient was initiated on spinal 
irradiation omitting the brain and upper cervi-
cal spine. The patient improved ,  and he was 
able to walk 2 weeks after initiation of therapy. 
Unfortunately 5 weeks later ,  he presented with 
facial palsy ,  decreased hearing ,  and frank 
involvement of the cranial nerves  (Fig.  7.15 ). 
 The patient had to be treated with brain radia-
tion including the cervical spine ,  which was 
challenging to match with the previous fi eld .

    Finally, the radiation oncologist has to be 
alert that sometimes chemotherapy or intrathecal 
chemotherapy toxicity can present with similar 
symptoms and signs to leukemia involvement. In 
this case CSF fails to show blasts, brain MRI is 
negative, and spine MRI T2-weighted images 
show abnormality in the dorsal columns of the 
spinal cord. In a recently published data from 
MD Anderson, seven patients were described to 
have this devastating myelopathy associated 
with intrathecal chemotherapy and described to 
be idiosyncratic side effects [ 32 ]. 

    Treatment of Chloroma and Role 
of Radiation 

  A 59 - year - man presented with easy bruisability , 
 fatigue ,  and recurrent infection. His white blood 
cell count was 1500 per microliter ,  and platelet 
count was 25 , 000 per microliter at presentation. 
Bone marrow biopsy showed 80  %  blasts leading 
to the diagnosis of acute myeloid leukemia  
( AML ).  Cytogenetic studies showed a complex 
karyotype ,  FLT3 positive. He was started on 3  +  7 
regimen at an outside hospital. His day 28 bone 
marrow showed persistent disease. He was trans-
ferred to our institution where he was initiated on 
high - dose Ara - C and mitoxantrone. A repeat 
bone marrow biopsy showed residual 18  %  blasts. 
He then was started on decitabine. In the mean-
time ,  he developed pain in the sinus area and a 
headache. An MRI of the brain  (Fig.  7.16 )  showed 
an extensive lesion in the nasoethmoid region , 
 extending to the right orbit ,  nasal cavity through 
the cribriform plate ,  and into the subfrontal epi-
dural space. His CSF was positive for blasts 
 suggesting CNS disease although no other lesions 
were seen on the MRI of the brain or spine .

    Because of the urgent symptoms ,  the patient 
was started on radiation. The dose planned was 
20 Gy in 10 fractions. The question at that time 
was whether to address only the area in the 
nasoethmoid region or to think ahead that he 
might eventually achieve a remission and will 
need whole brain irradiation or CSI prior to an 
allotransplant. The case was discussed with the 
referring physicians ,  and it was decided to treat 
the area causing the problem but include the 
eyes to make it easier to match to a future whole 

  Fig. 7.15    Planning of case 3 using 3 D beams       
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brain fi eld  (Fig.  7.17 ).  The patient ’ s symptoms 
improved quickly after only 6 Gy. After comple-
tion of the radiation therapy ,  he went on to 
receive further systemic therapy in an attempt 
to put him in remission in preparation for an 
allogeneic transplant. As for his CSF disease ,  it 
was managed with intrathecal chemotherapy .

   Chloroma (known in the past as granulocytic 
sarcoma) occurs mostly in the setting of AML 
but can also occur with CML. The use of radia-
tion has been very effective in taking care of the 
disease even with doses that are as low as 20 Gy. 
Memorial Sloan Kettering published a retrospec-
tive [ 33 ] review of 38 patients treated for chlo-
roma, showing that radiation therapy provided 

excellent local control (97 %) and symptom relief 
in 95 % of cases. Median dose ranged from 6 to 
36 Gy. The fact that the local control was 97 % 
suggests that lower doses of radiation are as 
effective and should be used. 

   Conclusions 

 Radiation therapy still plays a role in the treat-
ment of leukemias. The key is to understand that 
leukemias are very sensitive to radiation, to 
doses as low as 20 Gy. Since it is a systemic dis-
ease that can be managed effectively with che-
motherapy, radiation fi elds have to be limited to 
the area at risk for local relapse (like in the case 
of LBL) or in treating chloromas. Radiation also 
can serve an important role in addressing the 
CNS disease by overcoming the blood-brain 
barrier and effectively eradicating disease in the 
CNS. Radiation therapy can therefore poten-
tially contribute to improve the outcome of 
many patients, especially those who fall short of 
complete remission due to CNS involvement.       
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      Primary CNS Lymphoma                     

     Chelsea     Pinnix     

    Abstract  

  Primary central nervous system lymphoma (PCNSL) is an uncommon 
extranodal form of non-Hodgkin lymphoma affecting the brain, leptomen-
inges, eyes, or the spinal cord, in the absence of systemic involvement. 
The predominant risk factor for disease development is immunodefi ciency. 
PCNSL is an acquired immune defi ciency syndrome (AIDS) defi ning 
malignancy; however, the incidence in this patient population is decreas-
ing due to advancements in antiretroviral treatment. On the other hand, 
among immunocompetent individuals, the incidence of PCNSL has 
increased over the past few decades, representing 3–4 % of all primary 
brain tumors (Eby et al. Cancer 62(11):2461–2465, 1988). The explana-
tion for the growing incidence is not clear. PCNSL has a predilection for 
the elderly population with a median age of diagnosis of 55 years and peak 
incidence in the sixth and seventh decades of life (Hochberg and Miller, J 
Neurosurg 68(6):835–853, 1988; Fine and Mayer, Ann Intern Med 
119(11):1093–1104, 1993). 

 The cornerstone of therapy is a systemic treatment with intravenous 
high-dose methotrexate (Mtx). There is an ongoing controversy regarding 
the role of consolidative therapies, including radiation therapy (RT) and 
autologous stem cell transplantation (ASCT). In this review, we will 
explore diagnostic considerations, prognosis, as well as primary and sal-
vage therapy for PCNSL. We will highlight the data supporting various 
therapeutic strategies, with an emphasis on the role of RT in this rare 
hematologic malignancy.  

       Introduction 

 Primary central nervous system lymphoma 
(PCNSL) is an uncommon extranodal form of 
non-Hodgkin lymphoma affecting the brain, 
 leptomeninges, eyes, or the spinal cord, in the 
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absence of systemic involvement. The predomi-
nant risk factor for disease development is immu-
nodefi ciency. PCNSL is an acquired immune 
defi ciency syndrome (AIDS) defi ning malig-
nancy; however, the incidence in this patient pop-
ulation is decreasing due to advancements in 
antiretroviral treatment. On the other hand, 
among immunocompetent individuals, the inci-
dence of PCNSL has increased over the past few 
decades, representing 3–4 % of all primary brain 
tumors [ 1 ]. The explanation for the growing inci-
dence is not clear. PCNSL has a predilection for 
the elderly population with a median age of diag-
nosis of 55 years and peak incidence in the sixth 
and seventh decades of life [ 2 ,  3 ]. 

 The cornerstone of therapy is a systemic treat-
ment with intravenous high-dose methotrexate 
(Mtx). There is an ongoing controversy regarding 
the role of consolidative therapies, including 
radiation therapy (RT) and autologous stem cell 
transplantation (ASCT). In this review, we will 
explore diagnostic considerations, prognosis, as 
well as primary and salvage therapy for 
PCNSL. We will highlight the data supporting 
various therapeutic strategies, with an emphasis 
on the role of RT in this rare hematologic 
malignancy. 

    Case 1 

  A 71-year-old woman presented with a 3-week 
history of worsening memory defi cits. Computed 
tomography  ( CT )  imaging of the head without 
contrast revealed a large hyperdense mass within 
the left frontal lobe with vasogenic edema and 
mass effect on the left lateral ventricle  (Fig .   8.1a ). 
 Follow-up magnetic resonance imaging  ( MRI ) 
 confi rmed the presence of a large heterogeneous 
enhancing mass measuring 5.1 × 3.4 × 2.6 cm in 
the left frontal lobe  (Fig.  8.1b ).  There were small 
satellite lesions present as well as a second 
enhancing lesion within the right ventricle. There 
was surrounding T2-fl uid-attenuated inversion 
recovery  ( FLAIR )  hyperintense signal in the 
white matter of the frontal lobe  (Fig.  8.1c ). 
 Stereotactic biopsy revealed CD20-positive 
(CD20+) diffuse large B-cell lymphoma  ( DLBCL ) 

 with high-grade features and an activated B - cell  
( ABC ) -like immunophenotype. The Ki-67 was 
90 – 95  %.  Fluorescent in situ hybridization  
( FISH )  studies for BCL - 2 and Myc gene rear-
rangements were negative. Positron emission 
tomography  ( PET )- CT imaging was negative for 
extracranial disease. Bone marrow biopsy was 
negative for lymphoma involvement. 
Ophthalmologic evaluation did not reveal evi-
dence of ocular disease. 

      Clinical Presentation 
 Patients with PCNSL often have presenting 
symptoms that refl ect the periventricular location 
of the lymphoma. In a retrospective review of 
248 cases of intracerebral PCNSL, 70 % of 
patients presented with a focal neurologic defi cit, 
43 % had neuropsychiatric symptoms, and 33 % 
had signs of increased intracranial pressure [ 4 ]. 
Given that most tumors are located deep in the 
white matter, seizures are not as common as in 
other cases of primary brain neoplasms, with 
only 14 % of patients presenting with seizures in 
this series. 

 The eye, specifi cally the vitreous and/or the 
retina, is a common site of initial disease and a 
potential location for relapse in PCNSL. Roughly 
20–25 % of patients with PCNSL will have ocu-
lar involvement at diagnosis [ 5 ]. Primary intra-
ocular lymphoma (PIOL) affects the vitreous or 
retina in the absence of the brain, leptomeninges, 
spinal cord, or systemic disease. For patients with 
PIOL, brain relapse is the rule, as 50–80 % of 
patients will have cerebral lymphomatous 
involvement, often within 2 years of PIOL diag-
nosis [ 6 ]. Patients often present with fl oaters, 
blurry vision, or painless decrease in visual acu-
ity [ 7 ,  8 ]. Bilateral ocular involvement is com-
mon [ 5 ].  

    Histopathology 
 Greater than 95 % of PCNSL tumors are 
CD20+ DLBCL; however other histologic 
lymphoma variants can affect the CNS, includ-
ing T-cell lymphoma, Burkitt’s lymphoma, and 
indolent B-cell lymphomas (most notably mar-
ginal zone lymphoma of mucosa-associated 
lymphoid tissue, MALT) [ 9 – 11 ]. Indeed, 
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according to the  WHO Classifi cation of Tumours 
of Haematopoietic and Lymphoid Tissue , the 
term PCNSL refers only to DLBCL affecting 
the CNS in immunocompetent patients with 
exclusion of other histologies [ 12 ]. 

 The DLBCL cells in PCNSL express typical 
B-cell markers, including CD19, CD20, and 
CD79a. MUM1 expression is present in greater 
than 90 % of cases, and BCL6 expression is also 
common [ 13 ]. In nodal DLBCL, gene expression 

profi ling has identifi ed two distinct cell of origin 
(COO) phenotypes, the “activated B-cell” (ABC) 
and “germinal center B-cell” (GCB) types that 
are predictive of disease aggression and outcome 
[ 14 ,  15 ]. The immunohistochemical Hans classi-
fi er, based on CD10, BCL6, and MUM1 expres-
sion, is routinely used as gene expression 
profi ling surrogates to distinguish the two sub-
groups in the setting of systemic DLBCL [ 16 ]. 
While recent data does suggest a predominance 

a

c

b

  Fig. 8.1    Brain imaging in a 71-year-old woman with 
PCNSL. ( a ) Axial CT without contrast reveals a dominant 
mass in the left frontal lobe. ( b ) Axial T1 post-contrast 
image demonstrates the heterogeneously enhancing large 

left frontal mass as well as an enhancing lesion in the right 
ventricle. ( c ) Corresponding T2-FLAIR axial image illus-
trating vasogenic edema with mass effect on the left lat-
eral ventricle       
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of the non-GCB phenotype among PCNSL cells, 
this classifi cation is of limited clinical utility, as 
no association of COO subtype with clinical out-
come has been demonstrated among patients 
with PCNSL [ 17 ,  18 ]. 

 Myc expression has also been evaluated in 
PCNSL tumor cells given the poor prognosis of 
PCNSL compared to systemic DLBCL. Myc 
rearrangements, as detected by fl uorescent in situ 
hybridization (FISH), occur in roughly 10–15 % 
of DLBCLs and confer poor clinical outcome, 
especially when paired with rearrangements of 
the BCL-2 gene (i.e., “double-hit lymphomas”) 
[ 19 ,  20 ]. In PCNSL, despite the low frequency of 
Myc rearrangements (3–9 %), Myc protein over-
expression is common (73–92 %) suggesting 
other mechanisms for Myc overactivity [ 17 ,  18 , 
 21 ]. However, in the limited data available, Myc 
overexpression did not correlate with adverse 
clinical outcome. Taken together, this suggests 
that prognostic markers used in nodal DLBCL 
are of limited utility in PCNSL. This is likely due 
to differences in disease biology.  

    Diagnosis and Work-Up 
 When there is suspicion for PCNSL, the initial 
radiographic study of choice is a contrast- 
enhanced cranial MRI. Despite the absence of a 
pathognomonic MRI characteristic, there are sev-
eral radiographic fi ndings suggestive of PCNSL 
[ 22 ]. Lesions are typically solitary (in 2/3 of 
cases) involving the supratentorial brain with 
ventricular or meningeal surface contact. Edema 
is prominent; however it is less than observed in 
malignant gliomas or metastatic lesions. Given 
the hypercellularity and high nuclear to cytoplas-
mic ratio of PCNSL tumor cells, the predominant 
mass is usually isointense on T1 and T2 sequences 
and exhibits restricted diffusion on diffusion- 
weighted imaging. Diffuse and homogeneous 
contrast enhancement is the rule. In cases of 
immunosuppressed patients with PCNSL, ring 
enhancement is frequent. Necrosis, hemorrhage, 
and calcifi cations are rare. 

 Stereotactic-guided biopsy is the method of 
choice for obtaining tissue for defi nitive diagno-
sis. If possible, it is highly recommended that 
glucocorticoid administration be avoided prior to 

biopsy, as there is a potential for dramatic steroid- 
induced tumor regression that will result in a 
nondiagnostic biopsy [ 23 ]. In the absence of a 
contraindication to lumbar puncture, a cerebro-
spinal fl uid (CSF) sample should be obtained. 
CSF studies include cytology, fl ow cytometric 
analysis, cell count, and protein and glucose lev-
els. Concurrent systemic involvement should be 
excluded with bone marrow biopsy and positron 
emission tomography-computed tomography 
(PET-CT) imaging with or without contrasted CT 
imaging of the chest, abdomen, and pelvis. A 
detailed ophthalmologic evaluation with a slit 
lamp examination should be performed to screen 
for intraocular involvement that often manifests 
as a cellular infi ltration of the vitreous and sub-
retinal tumor cell deposits. Serum studies includ-
ing HIV, blood urea nitrogen (BUN), creatinine, 
lactate dehydrogenase (LDH), and hepatitis B 
and C serologies are also part of baseline work-
 up evaluation. Ultrasound of the testis should be 
considered in elderly men who present with 
DLBCL involving the CNS.   

    Case 1 

  The patient initiated a systemic therapy with 
rituximab ,  methotrexate ,  procarbazine, and vin-
cristine  ( R - MPV ).  Restaging MRI after 2 cycles 
of therapy demonstrated improvement  (Fig.  8.2a ). 
 She completed a total of fi ve cycles of therapy. 
Repeat MRI revealed a complete regression of 
the known lymphoma involvement within the left 
frontal lobe and right ventricle  (Fig.  8.2b ).  She 
was then referred for consolidative low-dose 
whole brain radiation therapy  ( WBRT ).

      Treatment 

   Surgery 
 It has been widely accepted that aggressive surgi-
cal resection has little role in the management of 
PCNSL given a potential increased risk of per-
manent neurologic defi cit coupled with no evi-
dence of improvement in overall survival [ 4 ,  24 ]. 
However, this standard has been recently chal-
lenged by a retrospective analysis of a large phase 
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III randomized trial, the German PCNSL Study 
Group-1 (GPSG-1) trial. In this analysis of sev-
eral hundred patients, compete resection was 
associated with an increase in progression-free 
survival (PFS) [ 25 ]. In light of this observation, 
many centers will consider a complete surgical 
resection of well-circumscribed single lesions in 
non-eloquent areas. Otherwise, stereotactic- 
guided biopsy should be considered standard of 
care, given the lower risk of postoperative 
morbidity.  

   Radiation Therapy Alone 
 Historically RT has been the cornerstone of ther-
apy for PCNSL, a highly radiosensitive tumor. 
Responses to whole brain RT (WBRT) are rapid 
and robust with an overall response rate (ORR) of 
greater than 90 %. Unfortunately however these 
responses are short lived. The Radiation Therapy 
Oncology Group (RTOG) conducted a phase II 
prospective trial between 1983 and 1987 of 
WBRT alone for patients with PCNSL (RTOG 
83–15) [ 26 ]. Forty-one patients were enrolled 
and received RT to the whole brain to a dose of 
40 Gy followed by a 20 Gy boost to gross dis-
ease. The results were disappointing with a 
median overall survival (OS) of only 11.6 months. 

The dominant pattern of failure was local, with 
61 % failure rate within the radiated brain fi eld in 
contrast to 7 % distant failure rate. One- and two- 
year OS rates were 48 % and 28 %, respectively. 
Of the 25 documented local recurrences, 22 
(88 %) were within the 60 Gy region. Given the 
inability to further dose escalate without exces-
sive severe toxicity such as brain necrosis, these 
data highlighted the need for therapy beyond RT 
alone to improve outcomes among patients with 
newly diagnosed PCNSL.  

   Combined Modality Therapy 
 Given the disappointing results of the RTOG 
83–15 trial, subsequent studies focused on the 
potential of combined modality therapy (CMT) 
to improve outcomes. In RTOG 88–06, cyclo-
phosphamide, doxorubicin, vincristine, and 
dexamethasone (CHOD) were administered prior 
to 41.4 Gy in 1.8 Gy fractions to the whole brain 
followed by a boost of 18 Gy, for a cumulative 
tumor bed boost of 59.4 Gy [ 27 ]. Unfortunately 
results from this prospective study were on par 
with outcomes obtained with RT alone. The 
median OS was 16.1 months with a 2-year OS 
rate of 42 %. It is hypothesized that the ineffec-
tiveness of CHOP like regimens relates to the 

a b

  Fig. 8.2    MRI after methotrexate-based chemotherapy. 
T1 post-contrast axial image demonstrates a partial 
response after 2 cycles of R-MPV (rituximab, methotrex-

ate, procarbazine, and vincristine) ( a ) and a complete 
response after 5 cycles ( b )       
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poor penetration of these agents across the blood- 
brain barrier (BBB). 

 The dilemma of inadequate BBB penetration 
of systemically administered chemotherapeutic 
agents has been addressed with the implementa-
tion of high-dose Mtx-based regimens. Rapid 
infusion of greater than 3 g/m 2  Mtx intravenously 
(IV) results in consistent CSF concentrations that 
have antitumor activity in the CNS [ 28 ,  29 ]. 
Leucovorin must be administered to prevent bone 
marrow and end organ damage (especially kid-
neys), while lymphoma cells in the CNS are 
offered little rescue given the poor BBB penetra-
tion of leucovorin. In one of the fi rst studies to 
evaluate high-dose Mtx-based regimens in 
patients with PCNSL, DeAngelis and colleagues 
at the Memorial Sloan Kettering Cancer Center 
(MSKCC) evaluated pre-RT IV and intra- 
Ommaya Mtx followed by cranial RT (40 Gy to 
the whole brain followed by 14.4 Gy boost) and 
consolidative high-dose Ara-C among 31 patients 
with PCNSL [ 30 ]. In a nonrandomized fashion, 
outcomes were compared with 16 patients treated 
with RT alone. Median OS was improved among 
patients treated with combined modality therapy 
(42.5 months) versus RT alone (21.7 months). 
The median time to recurrence was also improved 
(41 months versus 10 months). These improve-
ments in OS were reproducible in other studies, 
with a median OS of 32–36 months reported 
when patients were treated with combined 
modality therapy [ 31 – 33 ]. 

 The improvement in clinical outcome with 
Mtx-based CMT did not come without a cost. 
With longer follow-up, profound neurotoxicity 
was appreciated, with patients older than 60 
being at the highest risk. In long-term follow-up 
of the 31 patients treated with CMT at MSKCC, 
delayed neurotoxicity was reported in 10 patients 
(32 %) [ 34 ]. At 48-month follow-up, 100 % of 
patients 60 years or older developed neurotoxic-
ity compared with 35 % of patients less than 60. 
For patients greater than 60 years of age, symp-
toms began at a median of 13.2 months (range 
6–52 months) and consisted of dementia, urinary 
incontinence, and gait ataxia often requiring cus-
todial care. The neurotoxicity was fatal in three 
patients. MRI fi ndings consisted of atrophy and 

diffuse white matter changes in the absence of 
disease recurrence. Given the high incidence of 
long-term neurotoxicity after Mtx and high-dose 
whole brain RT (40 Gy with 14.4 Gy boost), the 
focus of subsequent studies shifted to the omis-
sion or delay of WBRT.  

   Omission of WBRT 
 In the largest randomized trial conducted in 
PCNSL, the G-PCNSL-SG-1 trial sought to eval-
uate whether high-dose Mtx-based chemotherapy 
alone was not inferior to the same chemotherapy 
regimen followed by whole brain RT to 45 Gy in 
30 fractions of 1.5 Gy daily without a boost. 551 
patients were enrolled at 74 German centers, but 
only 318 patients were treated according to pro-
tocol. Among these 318 patients, the median OS 
was 32.4 months among patients that received 
WBRT, and 37.1 months in patients treated with 
chemotherapy alone ( p  = 0.71). Median 
progression- free survival (PFS) was improved 
among patients treated with WBRT but was not 
statistically signifi cant (18.3 months versus 
11.9 months,  p  = 0.14). Treatment-related neuro-
toxicity was lower among patients who had RT 
omitted (49 % versus 26 %). The authors con-
cluded that the PFS benefi t of WBRT must be 
weighed against the increased risk of neurotoxic-
ity, given the lack of demonstrable OS benefi t. 
Many in the medical oncology community 
regarded the results of the trial as a justifi cation 
for permanent omission of WBRT as part of 
upfront therapy for patients with PCNSL. However 
this trial is fraught with many limitations that 
restrict the ability to make defi nitive conclusions 
regarding the role of consolidative WBRT. The 
trial was drastically underpowered (~60 %) to 
address the primary hypothesis, and therefore 
unplanned subset analyses were even further 
underpowered. Poor protocol adherence was 
common with major violations noted in 30 % of 
patients. For instance, 29 % of patients who did 
not achieve complete response (CR) in the no RT 
arm actually received WBRT, while 24 % of 
patients assigned to receive cranial RT did not 
receive it. Additional limitations of the trial 
included suboptimal chemotherapy use, the 
absence of quality assurance, and insuffi cient 
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neurotoxicity evaluation. Finally only 58 % of the 
original cohort was included in the analysis 
which undoubtedly undermines the results of the 
study. It has also been suggested that the unbal-
anced effect from salvage therapy between the 
arms that favored the experimental no radiation 
cohort also undermines conclusions drawn from 
this trial [ 35 ].  

   Reduced Dose WBRT 
 In an effort to maintain the potential benefi t of 
consolidative WBRT in improving PFS while 
limiting risk of long-term neurotoxicity, the 
group at MSCKK pioneered a reduced dose 
WBRT (rdWBRT) approach after high-dose 
Mtx-based polychemotherapy. In the multicenter 
phase II trial of 52 patients with median age of 60 
years (range 30–79) patients were treated with 
5–7 cycles of rituximab, Mtx (3.5 g/m 2 ), procar-
bazine, and vincristine (R-MPV) followed by 
rdWBRT to 23.4 Gy in 1.8 Gy fractions and 2 
cycles of consolidative high-dose Ara-C if CR 
was achieved. 31 patients achieved CR and 
received rdWBRT after R-MPV. For this group of 
patients, the median PFS was 7.7 years, and the 
median OS was not reached at a median follow-
 up of 5.9 years. 2-year PFS was 77 % and 3-year 
OS was 87 %. Rigorous neurocognitive testing 
was a component of the trial, and no severe long- 
term neurotoxicity was demonstrated. Disease 
progression occurred in 35 % of patients treated 
with rdWBRT ( n  = 11); two patients developed 
ocular relapse and nine patients had parenchymal 
brain relapse. Given these impressive results with 
minimal neurotoxicity, the role of rdWBRT is 
being evaluated in a randomized fashion by the 
RTOG (RTOG 1114).  

   Autologous Stem Cell Transplant 
 Efforts to identify strategies to augment therapy 
in the absence of WBRT continue at many cen-
ters. Recently the interest in consolidative high- 
dose chemotherapy and autologous stem cell 
transplant (ASCT) has increased. Theoretically 
the high concentration of chemotherapy drugs 
given IV will allow for concentrations in the CSF 
adequate to provide cytotoxic effects. Initial stud-
ies using a common regimen in systemic DLBCL, 

BEAM (BCNU, etoposide, Ara-C, melphalan), 
have been disappointing with 3-year event-free 
survival (EFS) of 25 % and 3-year OS of 60 % 
[ 36 ]. When conditioning regimens containing 
agents known to penetrate the CNS are utilized 
(such as thiotepa), the outcomes improve. In a 
single publication reporting on the outcome of 
two prospective single arm studies that treated 
patients with Mtx-based chemotherapy followed 
by high-dose carmustine and thiotepa and ASCT 
with or without WBRT, the median OS was 104 
months with 5-year OS of 70 %[ 37 ]. The group at 
MSKCC recently published their results with 
R-MPV followed by high-dose chemotherapy 
and ASCT with TBC (thiotepa, busulfan, and 
cyclophosphamide) [ 38 ]. Among 32 patients, 
81 % proceeded to frontline ASCT. With a 
median follow-up of 45 months, median PFS and 
OS were not reached, and 2-year PFS and OS 
were 79 % and 81 %, respectively. To date there is 
no evidence of neurotoxicity although follow-up 
time is limited. WBRT was omitted among 
patients who received ASCT. The results of 
R-MPV followed by rdWBRT compare favor-
ably with this trial; however it should be noted 
that in the ASCT study, there were three 
transplant- related deaths, while the rdWBRT 
phase II study was without mortality related to 
consolidative WBRT. Two ongoing randomized 
trials being conducted by the International 
Extranodal Lymphoma Study Group and 
ANOCEF/GOELAMS will provide key data 
regarding the clinical benefi t and toxicity associ-
ated with consolidative WBRT versus ASCT 
after Mtx-based polychemotherapy. 
(NCT01011920 and NCT00863460).  

   Intensive Polychemotherapy Alone 
 Another approach being utilized in patients with 
newly diagnosed PCNSL is highly intensive 
polychemotherapy alone without consolidative 
ASCT or WBRT. In a CALGB multicenter study, 
Alliance 50202, 44 patients were treated with an 
aggressive induction regimen of rituximab, Mtx 
(8 g/m 2 ), and temozolomide (MT-R) for 4 cycles 
followed by consolidative etoposide and high- 
dose Ara-C (EA) for patients that achieved a CR 
[ 39 ]. At a median follow-up of 4.9 years, the 
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2-year PFS was 57 % and median OS was not 
reached. There was no reported neurotoxicity; 
however formal neurocognitive testing was not a 
component of the trial. This regimen of MT-R is 
now being evaluated in a subsequent randomized 
trial (CALGB 51101) comparing consolidative 
dose intensive EA to high-dose chemotherapy 
with carmustine and thiotepa followed by ASCT.  

   Salvage Therapy 
 Given the growing trend to omit cranial RT from 
the upfront management of PCNSL, RT is often 
used as salvage therapy in the setting of relapsed 
or refractory disease. In a retrospective study of 
salvage WBRT for recurrent or refractory PCNSL 
in 48 patients, the ORR was 79 % with 58 % 
patients achieving CR after WBRT to a median 
dose of 40 Gy (range 21.6–50.4 Gy) [ 40 ]. The 
1-year OS after RT was 54 % with 16-month 
median OS. Treatment-related neurotoxicity 
occurred in 22 % of patients with those greater 
than age of 60 and a history of Mtx within 6 
months of RT at the greatest risk. In another ret-
rospective study of 27 patients given WBRT to a 
median dose of 36 Gy as salvage after Mtx fail-
ure, the ORR was 74 % (37 % CR) [ 41 ]. The 
median OS from the time of RT was 10.9 months. 
Neurotoxicity occurred in 15 % of patients and 
was associated with RT dose of greater than 
36 Gy. Taken together these studies support a 
valid role for WBRT as salvage after Mtx failure 
with ORR of greater than 70 % and modest rates 
of late neurotoxicity. To date there are no salvage 
chemotherapy regimens that result in such high 
ORR rates.    

    Case 1 

  The patient was treated to the whole brain and the 
posterior aspect of the bilateral orbits via opposed 
lateral fi elds with 6-MV photons to a total dose of 
23.4 Gy at 1.8 Gy per fraction  (Fig.  8.3 ).  Step and 
shoot technique was used to reduce hot spots to 
less than 107  %.  Upon completion of WBRT, she 
received 2 cycles of  high- dose Ara - C according 

to the Memorial Sloan Kettering Cancer Center 
regimen. Eighteen months posttreatment ,  the 
patient is doing well without evidence of disease 
and no neurocognitive toxicity recorded on neu-
rocognitive testing .

       Case 2 

  A 54-year-old male presented with weakness and 
numbness of his left arm followed by diffi culty 
with ambulation. He went to his local emergency 
room where MRI revealed an intensely enhanc-
ing mass with restricted diffusion in the right pos-
terior frontal lobe measuring 3.5 × 2.5 × 3.2 cm 
with diffuse edema and compression of the adja-
cent body of the right lateral ventricle  (Fig.  8.4a–
f ).  He was administered steroids and scheduled 
for stereotactic biopsy. The biopsy was subse-
quently postponed due to signifi cant regression of 
the lesion. Ultimately the lesion regrew, and 
biopsy revealed diffuse large B-cell lymphoma 
with a Ki - 67 of 80 – 90  %.  PET - CT revealed no 
evidence of disease outside of the brain. 
Ultrasound of the testicles was normal. Bone 
marrow biopsy was negative. Ophthalmologic 
examination was normal. After 5 cycles of 
R - MPV, he still had radiographic evidence of 
persistent enhancing tumor in the right frontal 
lobe. An additional 2 cycles were given and the 
tumor persisted. Radiation therapy was consid-
ered at that time, but ultimately he was referred 
for autologous stem cell transplantation out of 
concern for radiation toxicity. He underwent 
autologous transplant with BCNU ,  thiotepa, and 
rituximab. Unfortunately he had residual frontal 
lobe enhancement and surrounding T2 hyperin-
tensity consistent with persistent disease. He was 
then referred for radiation therapy. He was 
treated to the whole brain to 23.4 Gy followed by 
a 16.2 Gy boost to the right frontal region with 
intensity-modulated radiation therapy  ( IMRT ) 
 for a cumulative dose of 39.6 Gy to the persistent 
disease  (Fig.  8.5 ).  Postradiation therapy MRI 
revealed resolution of the enhancement within 
the right frontal lobe .
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       Radiation Technique 
 Radiation fi elds should target the whole brain 
with equally weighted opposed lateral photon 
beams with energy of 4–10 MV. CT-based plan-
ning is utilized to ensure adequate coverage of 
the frontal lobes at the cribriform plate and the 
posterior two-thirds of the globes bilaterally. The 
inferior border can be placed either at the bottom 
of C1 or C2. In patients with confi rmed ocular 

involvement, the fi eld should include the entire 
eye without lens sparing. 

 After a CR to upfront Mtx chemotherapy, we 
advocate rdWBRT to 23.4 Gy in 1.8 Gy fractions. 
MRI should be used to defi ne disease response; 
however the clinician should recognize that small 
residual MRI abnormalities may not represent 
active gross disease and should not prohibit a 
patient from receiving rdWBRT [ 36 ]. For patients 

a b
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  Fig. 8.3    Low-dose whole brain radiation therapy to 
23.4 Gy in a patient with a complete radiographic response 
to 5 cycles of R-MPV. ( a ) Opposed lateral 6-MV photon 
fi elds targeting the whole brain and the posterior aspect of 

the bilateral orbits. ( b ,  c ) Step and shoot fi elds aimed at 
reducing hot spots to less than 107 %. ( d ) Axial CT image 
depicting isodose lines with prescription dose of 23.4 Gy       
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  Fig. 8.4    MRI in a 55-year-old male patient with PCNSL. 
( a ) T1 post-contrast axial image demonstrates an intensely 
enhancing tumor in the right posterior frontal lobe high 
convexity region. ( b ) T2-FLAIR axial image showing 
extensive edema. ( c ) T1-weighted axial image reveals the 
frontal mass is isointense relative to gray matter. ( d ) 

T2-weighted image demonstrates the frontal lobe mass 
that is isointense to mildly hypointense with surrounding 
edema. ( e ,  f ) Coronal and sagittal post-contrast images 
illustrating the solidly enhancing right frontal mass with 
compression of the anterior portion of the body of the 
right lateral ventricle       
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being treated solely with WBRT who are not can-
didates for systemic therapy, doses of 40–45 Gy 
should be used. In the salvage setting, 36–45 Gy 
is appropriate. 

 The clinical value of partial-brain radiation 
was explored in a retrospective study of 43 
patients with PCNSL, of whom 74 % had 
 unifocal disease, and 60 % received systemic 
therapy [ 42 ]. Partial brain RT was administered 
to a median dose of 50 Gy with median margin 
size of 4 cm. At 5 years the infi eld brain recur-
rence rate was 57 %, and out of fi eld brain recur-
rence rate was 49 %. The authors concluded that 
focal RT with margins less than 4 cm were asso-
ciated with high rates of out of fi eld recurrences. 
Given these observations, consolidative radia-
tion fi elds should contain the whole brain out of 
concern for out of fi eld parenchymal brain 
recurrences. Partial brain radiation has also 
been explored in the salvage setting. Gamma 
knife radiotherapy was evaluated in the setting 
of relapsed primary and secondary CNS lym-
phoma in a small retrospective study of six 
patients [ 43 ]. All patients experienced improve-
ment in neurologic symptoms without neurotox-
icity; however disease progression occurred 
3–13 months after the fi rst gamma knife proce-
dure. Taken together these data suggest a lim-
ited role for partial brain radiation outside of a 
protocol setting. 

 While limited data suggests a minimal role for 
partial brain radiation, it is unclear if there is 
value to a tumor boost, particularly in cases of 
persistent disease. In the ongoing HOVON, 105 
trial patients that achieve only a partial response 
(PR) to induction chemotherapy are treated with 
simultaneous integrated boost technique. The 
whole brain is to receive 30 Gy in 20 fractions of 
1.5 Gy, with the residual disease receiving 40 Gy 
in 2.0 Gy fractions. In an effort to minimize tox-
icity associated with higher whole brain doses, in 
our clinical practice, we often utilize simultane-
ous integrated boost or sequential boost tech-
nique to treat patients with persistent gross 
disease with the goal of achieving doses of 
greater than or equal to 40 Gy in fraction sizes of 
2 Gy or less. 

 Integrated IMRT to address the local disease 
is an appealing approach especially when the 
failure is in multiple areas. When patients receive 
multiple therapies and show multiple progres-
sions in different areas, the integrated IMRT 
should include all areas seen on the different 
MRI corresponding to each progression. 
Physicians can fuse all the MRI available and 
contour abnormalities seen on different dates. An 
illustration with a patient who progressed after 
four different chemotherapy regimens before pre-
senting for a defi nitive dose of radiation is pro-
vided. We illustrated the whole brain treatment to 
30 Gy while boosting daily the areas of disease 
progression from his different MRI to a dose of 
45 Gy using IMRT. This is to illustrate the use of 
IMRT as an integrated boost as practiced 
currently. 

   Conclusion 

 The prognosis of PCNSL has improved over 
the last few decades; however the optimal 
therapy remains to be established. With high-
dose Mtx as the backbone of therapy, high-
dose WBRT to doses greater than 45 Gy, while 
associated with improved PFS, is limited by 
severe long-term neurotoxicity, especially in 
the older patient population. Newer strategies, 
especially rdWBRT to 23.4 Gy, demonstrate 
promising results in long- term follow-up of a 
single institutional phase II trial without 
 neurotoxicity. Other considerations for 

  Fig. 8.5    Whole brain radiation to 23.4 Gy followed by a 
right frontal boost with IMRT to 39.6 Gy       

 

8 Primary CNS Lymphoma



126

 consolidative therapy include intensive che-
motherapy as well as ASCT. Future clinical 
trials should help to better defi ne the optimal 
consolidative approach.        
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    Abstract  

  Adjuvant testicular irradiation is a component of standard care for patients 
with stage I–II primary testicular lymphomas following anthracycline- 
based chemotherapy and improves both local disease control and overall 
outcome in appropriately selected patients. It can also be considered in 
advanced stage III/IV patients on a case-by-case basis.  

       Introduction and Clinical Case 

 Primary testicular lymphoma (PTL) is a rare, 
clinically aggressive form of extra-nodal lym-
phoma, with an estimated annual incidence of 
0.09–0.26 per 100,000. It accounts for <5 % of 
testicular malignancies and 1–2 % of NHL [ 1 ,  2 ]. 
Patients typically present in their mid- to late 60s 
[ 3 – 6 ]. PTL is the commonest testicular malig-
nancy in men aged >60 years and the most com-
mon bilateral testicular neoplasm [ 7 ]. Patients 

typically present with a fi rm, painless testicular 
mass that is associated with a hydrocele in 
approximately 40 % of cases [ 3 ,  8 ]. Synchronous 
bilateral involvement occurs in up to 10 % of 
cases and constitutional symptoms may occur in 
20–30 % [ 2 ,  9 ]. PTL has a propensity to relapse 
in extra-nodal sites including the CNS, skin, con-
tralateral testis and pleura [ 4 ,  6 ,  10 – 12 ]. HIV 
infection is a known risk factor for aggressive 
NHL, and HIV-positive patients with PTL are 
younger, often with highly aggressive histology 
and a very poor prognosis prior to the introduc-
tion of combined antiretroviral therapy [ 13 ,  14 ]. 
The current standard of care for PTL consists of 
rituximab, cyclophosphamide, doxorubicin, vin-
cristine and prednisone (R-CHOP) chemoimmu-
notherapy, central nervous system (CNS) 
prophylaxis and loco-regional radiotherapy. In 
this chapter an illustrative case of PTL is pre-
sented followed by a discussion of the appropri-
ate evaluation and management, with a focus on 
the role of radiotherapy. 
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    Case Presentation and Initial 
Evaluation 

 A 49-year-old male in good previous health pre-
sented to his local doctor with a 2-month history 
of a right scrotal mass, which was uncomfort-
able but not painful. He denied weight loss, 
fevers or night sweats. On examination his local 
doctor found a solid, non-tender 3 cm mass 
inseparable from the testis. Blood biochemistry 
revealed a normal β-HCG, AFP, LDH and liver 
and renal function and a FBE was normal. A 
scrotal ultrasound demonstrated a solid 2.5 cm 
testicular mass. The patient was referred to a 
urologist. The urologist ordered a computerised 
tomographic (CT) scan that demonstrated no 
abnormality beyond the testis, and the patient 
underwent an inguinal orchiectomy. The pathol-
ogy demonstrated DLBCL involving the rete 
testis without invasion of the epididymis or 
tunica albuginea. 

 The patient was then referred to a haematolo-
gist. Physical examination was again unremark-
able, and in particular there was no 
lymphadenopathy or hepatosplenomegaly, and a 
thorough examination of the skin revealed no 
suspicious lesions. The staging was completed 
with bone marrow aspiration and trephine, posi-
tron emission tomography (PET) scan, magnetic 
resonance imaging (MRI) of the brain and cere-
brospinal fl uid (CSF) examination for cytology 
and fl ow cytometry. These examinations were all 
normal. HIV serology was negative. The patient 
therefore had stage I disease.  

    Systemic Therapy 
Given Following Orchiectomy 

 The patient was informed of the planned man-
agement programme and its acute and late tox-
icities including infertility and hypogonadism. 
The patient declined sperm collection. The 
patient commenced a course of R-CHOP che-
motherapy and completed 6 cycles at 3 weekly 
intervals. Intrathecal ara-c was administered dur-
ing the R-CHOP, and two cycles of high-dose 

 methotrexate were delivered following comple-
tion of R-CHOP. Treatment was delivered on 
time with no major toxicities.  

    Testicular Irradiation 

 The patient underwent a course of testicular radi-
ation of 30.6 Gy in 17 fractions. The patient was 
simulated in a supine position with legs slightly 
apart and the penis displaced and immobilised 
superiorly (Figs.  9.1  and  9.2 ). The irradiated fi eld 
was marked clinically using anatomical land-
marks and was intended to encompass the entire 
scrotal sac/contents. The upper border of the clin-
ically marked fi eld was 1.5 cm above the superior 
aspect of the palpated testis/scrotal sac. Mapping 
can be also done using the CT simulation images 
that will also help to determine the electron 
energy needed (Fig.  9.3a–c ). The patient was 
treated with a direct anterior 16 MeV electron 
beam. Verifi cation was performed daily by palpa-
tion to confi rm clinical landmarks so as to ensure 
the entire scrotum was encompassed throughout 
the course of treatment. Skin collimation was 
made to block the excess dose to the rectum 
(Fig.  9.4 ). No bolus was used in this case since 
the skin dose is already high when using 16 MeV, 
obviously, and when using lower energies, bolus 
might be needed to ensure a good skin dose espe-
cially if the skin is involved. During the treatment 

  Fig. 9.1    Patient setup in a frog leg for scrotal irradiation       
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patients should be kept warm and relaxed; other-
wise the scrotum might retract and the fi eld might 
not cover it well. Regional nodal irradiation was 
not given in this patient with stage I disease.

          Supportive Care and Follow-Up 

 The patient was seen weekly during radiotherapy, 
with particular attention to scrotal and perineal 
skin care. Patients invariably end up with grade 

2/3 dermatitis, especially at the end of the radia-
tion course or the week following; skin care with 
sitz baths and local moisturisers is quite often 
needed. A follow-up plan is to include regular 
clinical assessment looking for evidence of 
tumour recurrence or late toxicity including fea-
tures of hypogonadism. Periodic measurements 
of serum testosterone and gonadotropins will be 
performed and replacement therapy instituted if 
clinically appropriate with appropriate endocri-
nology consultation.   

  Fig. 9.2    Patient setup, skin rendering showing the in tomato colour the edge of the fi eld, the position of the penis in a 
frog leg position for scrotal irradiation       

a

c

b

  Fig. 9.3    CT planning showing the 100 % isodone line in  red  in ( a ) axial, ( b ) coronal, ( c ) sagittal views       
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    Discussion and Rationale 

    Pathology 

 The majority of PT-DLBCL cases are of acti-
vated B-cell type [ 5 ,  15 – 20 ]. This predomi-
nance of ABC type may partially account for 
the historically poor outcomes from PTL [ 21 , 
 22 ]. Although co-expression of MYC and 
Bcl-2 protein may contribute to the inferior 
survival of ABC-type nodal DLBCL, cytoge-
netic “double- hit” cases with concurrent rear-
rangements of  MYC  and  BCL2  and/or  BCL6  in 
PTL are infrequent [ 23 – 25 ]. MYD88 muta-
tions are also more frequent in PTL than nodal 
DLBCL [ 26 ,  27 ]. Other histologies that present 
as PTL include mantle cell lymphoma, extra-
nodal NK-cell lymphoma, peripheral T-cell 
lymphoma, extra-nodal marginal zone lym-
phoma, ALK1-negative anaplastic large cell 
lymphoma and paediatric follicular lymphoma 
[ 18 ,  28 – 39 ]. The biological basis for the pro-
pensity of PTL for extra-nodal relapse is 
unknown, but may include the development of 
an immune escape phenotype origin in an 
immune privileged site behind the blood-testis 
barrier and overexpression of the chemokine 
receptor CXCR4 [ 40 – 47 ]. Chapuy et al.’s 
recent observed copy gains in 9p24.1/CD274 
(PD-L1) were present in >40 % of a cohort of 
43 PTL cases and were associated with overex-
pression of PD1 ligands [ 48 ].  

    Rationale for the Initial Evaluation, 
Staging and Prognosis 

 Initial imaging of a scrotal swelling should 
include ultrasonography, which may demon-
strate focal or diffuse areas of hypo-echogenicity 
with hypervascularity in an enlarged testis [ 49 , 
 50 ]. Magnetic resonance imaging (MRI) allows 
simultaneous evaluation of the testis, para- 
testicular spaces and spermatic cord. Findings 
in testicular lymphoma include T2 hypointen-
sity and strong heterogeneous gadolinium 
enhancement [ 51 ]. Inguinal orchiectomy is 
mandatory for the diagnosis as well as for opti-
mal local disease control. Expert hemato-patho-
logical review is essential with the performance 
of appropriate immunohistochemistry, as distin-
guishing some cases of PTL from seminoma can 
be diffi cult [ 52 ]. 

 Recommended staging includes positron 
emission tomography (PET)-CT and bone mar-
row biopsy. It is essential to perform baseline 
MRI of the brain and lumbar puncture for CSF 
analysis by both cytology and fl ow cytometry, 
given the propensity of PTL to disseminate to the 
CNS [ 53 ]. The skin should be thoroughly exam-
ined as it is a common site of extra-nodal recur-
rence and cutaneous “DLBCL, leg type” has 
been concurrently reported with PTL [ 54 ]. HIV 
serology should be performed. 

 Staging is based on the Ann Arbor system 
[ 55 ]; 60–70 % of patients have stage I–II at 

  Fig. 9.4    Treatment set using the skin collimation while making sure that the whole scrotum is exposed out of the skin 
collimation during the daily treatment       
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 presentation [ 2 ,  4 ,  12 ,  56 ]. Patients with isolated 
bilateral involvement of the testes have similar 
prognosis to stage I/II disease, and it is reason-
able to consider such cases as having stage I dis-
ease [ 57 ,  58 ]. 

 For the majority of patients with PTL who 
present with limited stage disease, the IPI is typi-
cally <2 and therefore has limited prognostic util-
ity [ 59 ]. A number of adverse prognostic markers 
have been reported including older age, advanced 
stage, B symptoms, poor performance status, 
more than one extra-nodal site of involvement, 
tumour size >10 cm, raised LDH or β-2 micro-
globulin, low albumin, left testis involvement and 
infi ltration of adjacent tissues [ 1 ,  2 ,  4 ,  6 ,  11 ,  12 , 
 60 – 65 ]. A Dutch series found evidence of trans-
formed extra-nodal marginal zone lymphoma 
associated with smaller tumour size, less fre-
quently elevated LDH, absence of B symptoms, 
more frequent stage IE disease and lower IPI than 
“pure” DLBCL, with a non-signifi cant trend 
towards improved survival [ 32 ]. 

 PTL is characterised by a pattern of continu-
ing relapses for more than 10–15 years after ini-
tial treatment. Relapse typically involves 
sanctuary sites such as the contralateral testis and 
CNS, but may occur at multiple extra-nodal sites 
including the lung, soft tissue, adrenals, liver and 
bone marrow [ 4 ,  6 ,  11 ,  12 ].  

    Rationale for Systemic Therapy 

 The outcomes of patients treated with orchiec-
tomy and/or radiation alone are poor [ 2 ,  3 ,  66 ]. 
Available data on the effi cacy of systemic therapy 
are drawn from either non-randomised phase II 
studies or retrospective series and suggest an 
inferior prognosis to nodal DLBCL, with no pla-
teau in PFS and OS curves in retrospective stud-
ies [ 5 ,  6 ,  9 ,  11 ,  12 ,  56 ,  63 ]. There is evidence that 
the prognosis of PTL has improved over time as 
treatment strategies have evolved [ 2 ,  11 ]. The 
SEER registry analysis reported a median OS of 
1.8 years for patients diagnosed in 1980–1985 
but with the median not yet reached for those 
diagnosed 20 years later [ 2 ]. Three-weekly 
CHOP was the most commonly used regimen for 

PTL prior to the introduction of rituximab, 
achieving 5-year OS of 30–52 % [ 11 ,  67 ]. Small 
series evaluating the addition of bleomycin, 
increasing dose density or intensifi ed chemother-
apy regimens such as hyperfractionated cyclo-
phosphamide, doxorubicin, vincristine and 
dexamethasone (Hyper-CVAD) have not been 
shown to improve outcomes and are challenging 
to deliver in older patients [ 10 ,  63 ,  68 ]. 

 A small retrospective analysis from the British 
Columbia Cancer Agency (BCCA) demonstrated 
no improvement in 5-year rates of progression or 
OS with the addition of rituximab; however the 
use of rituximab was associated with improve-
ments in both time to progression ( p  = 0.006) and 
overall survival (OS) ( p  = 0.009) on multivariate 
analysis [ 64 ]. 

 The reported results of limited systemic ther-
apy have been mixed. Connors et al. reported 
excellent results with three cycles of CHOP or a 
6-week regimen termed ACOB (cyclophospha-
mide, doxorubicin, vincristine, bleomycin and 
prednisolone) [ 68 ]. However, other series includ-
ing a large IELSG analysis and a single-centre 
study from Australia suggest that patients who 
receive <6 cycles of chemotherapy have a poorer 
outcome; therefore limited chemotherapy is not 
recommended for PTL [ 6 ,  12 ]. 

 Few prospective clinical trials in PTL have 
been conducted. The GOELAMS protocol was 
based on three cycles of VCAP (vindesine, cyclo-
phosphamide, doxorubicin and prednisolone) 
and IT chemotherapy (vindesine, cyclophospha-
mide, epirubicin, prednisolone and bleomycin for 
patients aged over 60). Radiotherapy was given 
to regional lymph nodes as well as to whole brain 
[ 69 ]. With a median follow-up of 73.5 months, 
the DFS and OS were 70 % and 65 %, respec-
tively, with one CNS relapse. 

 Aviles et al. reported a single-arm study using 
6 cycles of R-CEOP (rituximab, cyclophospha-
mide 1500 mg/m 2 , epirubicin 120 mg/m 2 , vin-
cristine and prednisolone) dosed at 14-day 
intervals. Scrotal/contralateral testis irradiation 
(30 Gy) was given to patients achieving CR to 
chemotherapy. CNS prophylaxis comprised 4 
cycles of high-dose intravenous methotrexate 
(6 g/m 2 ) with leucovorin rescue [ 70 ]. Of the 38 
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patients enrolled, 86 % achieved CR and the actu-
arial 5-year EFS and OS were 70 % and 66 %, 
respectively. No CNS relapses were reported in 
this study. 

 Finally, the International Extranodal 
Lymphoma Study Group (IELSG) has reported a 
phase II multicentre study of 53 patients with 
stage I/II DLBCL-type PTL. Treatment was 
3-weekly R-CHOP with IT methotrexate, fol-
lowed by loco-regional irradiation [ 59 ]. Ninety- 
eight percent achieved CR, and after a median 
follow-up of 65 months, the 5-year PFS and OS 
were 74 % and 85 %, respectively. The 5-year 
actuarial incidence of CNS relapse was 6 %. The 
excellent results in this study established 
R-CHOP Q21 with IT methotrexate and loco- 
regional radiation as the reference treatment for 
patients with limited stage PTL, including those 
with bilateral testicular involvement. 

 Novel therapeutic strategies for DLBCL 
may have applicability to PTL. The addition of 
lenalidomide [ 71 ] or the tyrosine kinase inhibi-
tor ibrutinib [ 72 ] to R-CHOP [ 73 – 76 ] appears to 
be well tolerated and effective. Lenalidomide has 
been detected in the semen of male patients and 
has been reported as having effi cacy for myeloma 
invading the testis [ 77 ,  78 ]. Pomalidomide, 
another immunomodulatory drug, appears to be 
synergistic with rituximab [ 79 ] and has excel-
lent CNS penetration [ 80 ]. Other agents of inter-
est for DLBCL include the CXCR4 inhibitor 
plerixafor and small molecule inhibitors of the 
NF-kB, STAT3 and NF-kB signalling pathways 
[ 81 ]. The recent fi nding of PD1 overexpression 
in many cases of PTL makes this an appeal-
ing therapeutic target [ 48 ]. Currently, 3-weekly 
R-CHOP (or an equivalent anthracycline-based 
regimen) with intrathecal methotrexate and loco-
regional RT is the international standard of care 
for stage I–II PTL.  

    CNS Prophylaxis 

 The reported incidence of CNS involvement in 
PTL varies widely but has been as high as 44 % 
[ 4 ,  6 ,  11 ,  56 ,  82 ]. The IELSG retrospective study 
reported a 10-year actuarial risk of CNS involve-

ment of 34 % that appears to be substantially 
greater than nodal DLBCL [ 12 ,  83 ]. The addition 
of rituximab to anthracycline-based chemother-
apy has not had an appreciable impact on the rate 
of CNS relapse risk [ 83 ,  84 ]. 

 IT chemotherapy has been used in many retro-
spective series; however methodological limita-
tions make it diffi cult to draw fi rm conclusions 
about its effi cacy [ 4 – 6 ,  11 ]. In two prospective 
clinical trials that used IT chemotherapy alone, 
the reported CNS relapse rate was 6 %, whereas a 
study that used both IT and systemic methotrex-
ate reported no CNS relapses among 38 patients 
[ 59 ,  69 ,  70 ]. In all three studies, the crude inci-
dence of CNS relapse was signifi cantly less than 
for historic controls. Parenchymal CNS relapse is 
more common than isolated leptomeningeal 
relapse [ 12 ,  85 ]. As the penetration of IT metho-
trexate into brain parenchyma is limited, there is 
conceptual appeal to the use of high-dose sys-
temic methotrexate for CNS prophylaxis, as it 
achieves higher drug levels in brain parenchyma 
[ 86 ,  87 ]. This concept is supported both by the 
results of the Aviles study noted above and the 
apparent benefi t of high-dose systemic metho-
trexate as CNS prophylaxis for nodal DLBCL 
[ 88 – 91 ]. The merits of this approach are refl ected 
in treatment guidelines, and the ongoing 
IELSG- 30 prospective protocol incorporates IV 
methotrexate (1.5 g/m 2 ) in addition to IT liposo-
mal cytarabine (ClinicalTrials.gov identifi er: 
NCT00945724) [ 92 ]. Although prophylactic cra-
nial irradiation (PCI) has been used to reduce the 
incidence of CNS relapse (as in the GOELAMS 
study), and may be effective, the use of PCI is not 
routinely recommended due to the risks of late 
neurocognitive toxicity [ 93 ].  

    Discussion of Prophylactic Testicular 
Irradiation 

    Rationale 
 It is recognised that patients treated by orchidec-
tomy and anthracycline-based chemotherapy 
have an appreciable risk of relapse in the contra-
lateral testis [ 1 ,  3 ,  4 ,  9 ,  12 ,  57 ,  59 ,  65 ,  67 ,  69 ,  94 , 
 95 ]. This presumably refl ects poor penetration of 
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commonly used chemotherapy agents into the 
intact testis. There are no randomised trial data 
regarding the use of prophylactic testicular irra-
diation, nor regarding the optimal dose or tech-
nique. Available data are derived from 
retrospective studies and a small number of non- 
randomised prospective trials. Mazloom et al. 
reported the MD Anderson Cancer Center experi-
ence and found that 3/35 (9 %) patients who did 
not receive testicular irradiation relapsed in the 
contralateral testis, compared to 4 % in patients 
who receive a median testicular radiation dose of 
30.6 Gy [ 11 ]. Individual series have reported 
rates of contralateral testicular relapse ranging 
from 0 to 35 % [ 96 ]. In the largest retrospective 
multicentre series, reported by the IELSG, tes-
ticular relapse was a component of 43 of 195 
treatment failures, with a 15-year actuarial inci-
dence of contralateral testicular relapse of 42 % 
in the absence of scrotal irradiation [ 12 ]. A num-
ber of individual studies have reported a low inci-
dence of testicular relapse following prophylactic 
scrotal irradiation, typically ranging from 0 to 
10 %, though reportedly as high as 20 % in one 
series, which may refl ect uncertainty about the 
quality of radiotherapy delivery in older series 
[ 96 ,  97 ]. Prophylactic scrotal radiation in the 
IELSG retrospective study was associated with a 
statistically signifi cantly lower incidence of tes-
ticular relapse from 42 % to fewer than 10 % 
( p  = 0.011). Importantly, this local control advan-
tage was associated with an improvement in both 
5-year PFS (70 % v 36 %,  p  = 0.00001) and OS 
(66 % v 38 %,  p  = 0.00001), which remained sta-
tistically signifi cant on multivariate analysis [ 12 ]. 
Other studies have also suggested an association 
between the use of adjuvant RT and improved 
survival, although it is uncertain to what extent 
this refl ects patient selection for adjuvant irradia-
tion [ 2 ,  98 ]. 

 Prophylactic testicular irradiation was used in 
three of the four reported prospective studies of 
PTL. In two phase II studies reported by Aviles 
et al., all patients received prophylactic testicular 
irradiation and no testicular relapses were 
reported [ 10 ,  70 ]. Similarly in the more recently 
reported IELSG-10 prospective study, adjuvant 
testicular radiation (median dose 30 Gy, range 

24–40 Gy) was used routinely with no testicular 
relapses observed [ 59 ]. Based on the preponder-
ance of data from both retrospective and prospec-
tive trials, prophylactic testicular irradiation is 
considered standard of care for patients with 
stage I–II PTL. 

 Adjuvant scrotal radiation may have a greater 
impact in patients with limited stage disease, as 
the competing risks of systemic relapse appear to 
increase with advancing initial stage. In the 
IELSG retrospective series, contralateral testicu-
lar relapse as a component of the fi rst site of fail-
ure occurred in 28 %, 14 % and 16 % of patients 
with stages I, II and III–IV, respectively. 
Corresponding fi gures for sole initial site of fail-
ure were 10 %, 2 % and 2 %, respectively [ 12 ]. 
Although the absolute benefi t from prophylactic 
testicular irradiation may be smaller for more 
advanced stage disease, given the relatively low 
morbidity of this treatment, it is reasonable to 
consider it for all patients having potentially 
curative chemotherapy. Despite the demonstrated 
effi cacy of scrotal irradiation, these fi ndings have 
not yet been fully translated into routine practice, 
as the SEER data suggest that only 30–40 % of 
patients appear to receive RT, without an appar-
ent increase in utilisation over time [ 2 ].  

    Testicular Radiotherapy Volume 
 The entire testis, tunica albuginea, epididymis 
and spermatic cord are often reported to be 
involved in pathological studies of PTL and con-
stitute the CTV for testicular irradiation [ 62 ,  96 ]. 
In rare cases of overt skin involvement, the skin 
also forms part of the CTV.  

    Testicular Radiotherapy Dose 
 Scrotal irradiation doses reported in the literature 
have ranged from 18 Gy to over 50 Gy, but are 
most commonly reported in the range of 
25–30 Gy [ 96 ]. The prospective studies reported 
by Aviles and the more recent publication of the 
IELSG prospective intergroup study both used 
testicular doses in the range of 25–30 with a high 
degree of effi cacy [ 10 ,  59 ,  70 ]. As there is some 
evidence from the IELSG retrospective analysis 
that doses less than 30 Gy were associated with a 
lower survival rate, 30 Gy may be considered a 
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reasonable standard of care [ 12 ]. Radiotherapy 
should be fully fractionated to minimise acute 
scrotal skin morbidity.  

    Radiotherapy Technique 
 Several radiotherapy techniques have been 
described for irradiation of the scrotum, and as 
with other aspects of radiotherapy for PTL, they 
have not been compared in prospective clinical 
trials. In fact, many reported series either do not 
describe the techniques used or provide inade-
quate information on techniques used both for 
testicular and nodal irradiation. Some older series 
describe techniques that may have provided inad-
equate or marginal coverage of the testis [ 96 ]. A 
group of Dutch investigators have reported an 
extensive review of radiotherapy techniques for 
PTL, including a survey of techniques used in 
Dutch centres and a phantom study to compare 
PTV and critical organ dosimetry using various 
techniques. The three techniques compared were 
a direct anterior electron beam, a direct anterior 
photon beam and a wedge pair photon beam [ 96 ]. 
They found that the most commonly used tech-
nique in Holland was an anterior electron beam 
used in 10 of 16 eligible centres surveyed. The 
most homogeneous dosimetric coverage of the 
PTV was achieved using either of the photon 
techniques, but this came at the cost of higher 
doses to normal tissues such as anus and rectum. 
Although the doses to normal tissues were within 
conventional tolerances, it can be argued, partic-
ularly in younger patients, that photon techniques 
are best avoided to minimise exposure of pelvic 
and perineal structures in order to minimise the 
risk of second malignancies. A key message is 
that the method used in any centre needs to be 
evaluated carefully from a physics and dosimet-
ric perspective to ensure adequate coverage. 

 The use of bolus over the scrotal surface is not 
always clearly described in reports of testicular 
irradiation for PTL. It should certainly be 
included in rare cases of overt scrotal skin infi l-
tration to avoid underdosing potentially involved 
skin. It has been reported that invasion of the 
tunica albuginea is observed in approximately 
half of cases of PTL at pathological examination 
[ 62 ,  96 ]. Given that the skin is only a few mm 

thick, techniques that spare skin may also lead to 
underdosing of the tunica and potentially increase 
the risk of in-fi eld failure. 

 Patient setup will depend on the technique 
used. Most surveyed Dutch centres used clinical 
palpation both to defi ne the CTV and for verifi ca-
tion during treatment [ 96 ]. Given the variation in 
scrotal anatomy due to fl uctuation in temperature 
or patient anxiety, clinical localisation may in 
fact be superior to imaging-based localisation, 
although CT planning and CBCT verifi cation 
have been used in some centres and potentially 
offer better documentation of dosimetry and 
selection of electron energy [ 96 ].  

    Considerations for the Use of Nodal 
Irradiation 
 For patients with stage I PTL, radiation is gener-
ally confi ned to the scrotum, and there is no clear 
role for adjuvant irradiation to apparently unin-
volved para-aortic-pelvic nodes. In studies in 
which scrotal RT only was used for stage I dis-
ease, the reported incidence of isolated nodal 
relapse is low [ 99 ]. 

 It is not possible to draw fi rm conclusions 
regarding the role of RT to involved regional 
lymph nodes in patients treated with R-CHOP for 
stage II disease, because of small numbers of 
patients reported in the literature with stage II 
disease treated with or without nodal radiation. 
Even in the IELSG retrospective study with over 
300 cases, it was not possible to make meaning-
ful observations on the role of nodal irradiation in 
stage II disease [ 12 ]. In the IELSG-10 study, of 
13 stage II patients, nine received nodal RT, and 
the single relapse occurred in one of these 
patients, within the radiotherapy fi eld [ 59 ]. The 
four patients not treated with RT were all in 
remission at the time of reporting. 

 The broader literature on the role of adjuvant 
radiotherapy for DLBCL suggests a benefi t for 
patients with localised and/or bulky disease even 
in the era of R-CHOP [ 100 – 103 ]. It is uncertain 
whether the principles of consolidative nodal 
radiotherapy derived from more common presen-
tations of DLBCL can be translated to the setting 
of testicular lymphoma, as the pattern of recur-
rence in PTL is unusual and is dominated by 
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widespread extra-nodal relapse. Despite these 
caveats, for patients with stage II disease who 
present with involvement of the pelvic and para- 
aortic lymph nodes, it is common for adjuvant RT 
to be delivered to initially involved nodes follow-
ing chemotherapy, and this may be considered a 
reasonable standard of care [ 59 ]. For patients 
who present with stage III to IV, the benefi t of 
regional nodal irradiation is even less certain, and 
radiotherapy would not be used routinely. A pos-
sible exception would be cases where there is a 
dominant sight of nodal disease that is bulky (>7 
or 10 cm) or responds slowly or incompletely to 
initial chemotherapy, particularly in the elderly 
patient who is unsuitable for aggressive salvage 
therapy.  

    Nodal Radiotherapy Dose and Volume 
 When regional nodal radiation is given for 
patients in a complete remission documented on 
PET, radiotherapy should be directed to the ini-
tial sites of involvement or the initial site of 
bulky disease – involved node or involved site 
technique [ 104 ] – to avoid unnecessary expo-
sure of normal tissues [ 105 ]. The GTV consists 
of residual post-chemotherapy lymph node 
enlargement, and the CTV represents the pre-
chemotherapy tumour volume adjusted for con-
centric reduction in the transverse tumour 
dimensions following chemotherapy. A dose of 
30 Gy in 15–20 fractions is appropriate for 
patients achieving a complete response to 
chemotherapy.   

    Discussion of Supportive Care 
and Follow-Up 

 Testicular irradiation is associated with acute 
cutaneous toxicity, and in some cases, this may 
lead to a period of discomfort lasting several 
weeks. The acute toxicities of abdominal and pel-
vic irradiation include lethargy, mild nausea and 
a possible short-term disturbance of bowel func-
tion. In addition, in some patients for whom a 
large part of the pelvic marrow is irradiated may 
develop cytopenias, which can sometimes be 
long lasting. 

 The major long-term toxicity of scrotal irra-
diation to a dose of 30 Gy is infertility. In addi-
tion, patients undergoing testicular irradiation to 
a dose of 14–20 Gy or more experience progres-
sive decline in testosterone production and need 
to be aware of the possible need for hormone 
replacement in the future [ 106 – 109 ]. Patients 
having abdominal pelvic radiation may be at 
increased risk of secondary malignancies 10 
years or more after radiation. 

   Conclusion 

 Adjuvant testicular irradiation is a component 
of standard care for patients with stage I–II pri-
mary testicular lymphomas following 
anthracycline- based chemotherapy and 
improves both local disease control and overall 
outcome in appropriately selected patients [ 2 , 
 12 ,  98 ]. Nodal irradiation for stage II disease is 
widely used and should be considered on a 
case-by-case basis, as should testicular irradia-
tion for patients with stage III–IV disease.       
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    Abstract  

  Mantle cell lymphoma (MCL) comprises 3–6 % of non-Hodgkin lym-
phoma cases, with an annual incidence of 0.5 per 100,000 in Western 
countries. It is an aggressive malignancy that is usually disseminated at 
diagnosis; therefore, chemotherapy is typically the backbone of treatment. 
However, MCL is exquisitely radiosensitive, and radiation therapy (RT) 
can be an important modality that contributes to cure in early-stage disease 
and provides durable palliation in advanced cases. In this chapter, patients 
with early- and advanced-stage MCL will be discussed, with a focus on 
the role of RT in management.  

       Background 

 Mantle cell lymphoma (MCL) comprises 
3–6 % of non-Hodgkin lymphoma cases, with 
an annual incidence of 0.5 per 100,000 in 
Western countries [ 1 ]. It is an aggressive 
malignancy that is usually disseminated at 
diagnosis; therefore, chemotherapy is typi-
cally the backbone of treatment. However, 
MCL is exquisitely radiosensitive, and radia-
tion therapy (RT) can be an important modal-
ity that contributes to cure in early-stage 
disease and provides durable palliation in 
advanced cases. In this chapter, patients with 

early- and advanced-stage MCL will be dis-
cussed, with a focus on the role of RT in 
management.  

    Early-Stage Mantle Cell Lymphoma 

    Clinical Presentation, 
Early-Stage Case 

 A healthy 69-year-old man was noted on a rou-
tine eye examination to have a pink growth 
extending along the inferior bulbar conjunctiva of 
the left eye (Fig.  10.1 ). The remaining ophthal-
mologic examination was normal. A biopsy of 
the conjunctival mass revealed a diagnosis of 
MCL. This patient is typical, with respect to 
demographics: the median age at diagnosis of 
MCL is 68 years, and the male-to-female ratio is 
3:1 [ 1 ].
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   A careful history and physical examination 
was performed. The patient had an excellent 
performance status. He had no symptoms attrib-
utable to the eye. He denied constitutional 
symptoms of fever, night sweats, and weight 
loss. The conjunctival lesion was the only 
abnormality appreciated on physical examina-
tion. Special attention was paid to the nodal 
basins, liver, and spleen, all of which were 
unremarkable.  

    Pathology, Early-Stage Case 

 An incisional biopsy of the conjunctival mass 
was performed. It should be noted that a fi ne- 
needle aspiration is typically insuffi cient to make 
the diagnosis of MCL. The biopsy revealed a 
glandular epithelium, largely replaced by lym-
phocytes with features typical of MCL, which 
arises from immature B-cells. The neoplastic 
cells tend to be small to medium sized, with 
irregular nuclear contours, inconspicuous nucle-
oli, and scant cytoplasm. 

 This patient’s neoplasm was noted to have a 
diffuse pattern of growth. Three histological pat-
terns (mantle zone, nodular, and diffuse) and 
three cytological variants (classical, blastoid, and 
pleomorphic) have been described. Data suggest 
that these pathological differences correlate with 
clinical behavior, for example, pleomorphic and 
blastoid variants demonstrate a particularly 
aggressive course [ 1 ,  2 ]. 

 The immunohistochemistry results for this 
case were typical for MCL. The cells were posi-
tive for B-cell markers (including CD19, CD20, 
and PAX5), CD5, CD43, and cyclin D1; they 
were negative for CD10 and CD23. The translo-
cation t(11;14) was detected by fl uorescent in situ 
hybridization (FISH). This genetic anomaly is 
regarded as the primary genetic event in MCL. It 
places the cyclin D1 gene downstream of the IgH 
promoter, resulting in the overexpression of 
cyclin D1 and consequent accelerated passage 
through the cell cycle [ 1 ]. It should be noted, 
however, that a small subset of MCL cases is 
negative for the t(11;14) translocation and for 
cyclin D1 overexpression [ 3 ,  4 ]. A proportion of 
these cases bear translocations involving cyclin 
D2 and cyclin D3 [ 5 ,  6 ]. SOX11 expression may 
be useful for the identifi cation of the cyclin 
D1-negative subtype [ 7 ].  

    Staging and Prognostic Factors, 
Early-Stage Case 

 A complete staging evaluation was performed. 
Bloodwork, including a complete blood count 
(CBC) with differential, comprehensive meta-
bolic panel (CMP), β 2 -microglobulin, and lactate 
dehydrogenase (LDH), was within normal lim-
its. A contrast-enhanced PET-CT scan revealed 
no other sites of disease. A bone marrow biopsy, 
which must be performed in all cases, was 
negative for lymphoma by histology and fl ow 
 cytometry. An esophagogastroduodenoscopy and 
colonoscopy with random biopsies showed no 
evidence of lymphoma. Evaluation of the gastro-
intestinal tract is critical to establish the diagno-
sis of limited stage disease, as occult involvement 
by MCL is detected in the majority of patients 
[ 8 ]. CNS involvement is exceedingly rare; there-
fore, CSF analysis and neuroimaging should be 
reserved for patients with neurological symp-
toms, blastoid histology, or Ki-67 > 30 % [ 9 ,  10 ]. 
Thus, in this patient, a complete staging evalu-
ation, including bloodwork, PET-CT scan, bone 
marrow biopsy, and gastrointestinal endoscopy, 
confi rmed that his disease was limited to the left 
conjunctiva. 

  Fig. 10.1    MCL involving the inferior bulbar conjunctiva 
of the left eye       
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 Only 10 % of MCL cases are early stage at 
diagnosis [ 11 ]. Anytime the diagnosis of local-
ized MCL is suspected, a thorough evaluation 
must be performed to exclude the presence of 
occult systemic disease. The proportion of 
patients diagnosed with limited stage disease has 
been decreasing over time, likely due to more 
sensitive assays of the bone marrow and more 
frequent evaluation of the gastrointestinal tract, 
both of which are commonly involved by disease 
[ 11 ,  12 ]. 

 As observed in this case, extranodal disease is 
common in MCL. The most frequently involved 
sites are the gastrointestinal tract, head and neck, 
and reticuloendothelial system. Less commonly 
involved extranodal sites include the lung, skin, 
musculoskeletal system, and breast. Data suggest 
that the primary site of disease involvement is a 
predictor of survival. For example, patients with 
primary disease of the head and neck have supe-
rior survival, compared to those with primary 
nodal disease ( P  < 0.001) [ 13 ].  

    Treatment and Management, Early- 
Stage Case 

 For his stage IAE MCL of the left conjunctiva, 
this patient was treated with three cycles of 
R-CHOP (rituximab, cyclophosphamide, doxo-
rubicin, vincristine, and prednisone). He had a 
complete clinical and radiographic response to 
chemotherapy. Then, he received consolidative 
RT to the initially involved site. 

 Because early-stage MCL is rare, data regard-
ing its management and outcomes are limited. A 
large series, reported by the International 
Lymphoma Radiation Oncology Group (ILROG), 
consists of 160 stage I–II MCL patients treated at 
13 institutions. The majority of patients (59 %) 
received chemotherapy followed by consolida-
tive RT. The remaining patients were treated with 
chemotherapy alone (23 %) or defi nitive RT alone 
(18 %). The most common chemotherapy regi-
men was R-CHOP or R-CHOP-like, and RT was 
to a median dose of 35 Gy (range 12–45 Gy). The 
authors reported favorable outcomes for the 
cohort, irrespective of the modality of treatment 

given, with disease-free and overall survival rates 
of 65 and 76 % at 5 years and of 44 % and 63 % at 
10 years, respectively [ 14 ]. These fi ndings dem-
onstrate that patients with limited stage MCL can 
achieve long-term disease control even with radi-
ation therapy alone and de-escalation of therapy 
should be considered in early-stage presentation. 

 A smaller series from the British Columbia 
Cancer Agency suggests an important role of RT 
in the management of limited stage MCL. The 
authors reported on 26 patients with non-bulky- 
stage IA–IIA MCL. They observed superior 
progression- free survival in patients whose initial 
therapy consisted of RT ± chemotherapy, when 
compared to those who did not receive RT (68 % 
vs. 11 % at 5 years,  P  = 0.002). Furthermore, 
there was a trend toward improved overall sur-
vival (71 % vs. 25 % at 6 years,  P  = 0.13). All 
patients with PFS beyond 6 years had received 
RT as a part of their upfront management [ 15 ]. 
ILROG trial. 

 Researchers from Princess Margaret Hospital 
reported on 21 patients with stage I–II MCL who 
were managed with curative intent. Among the 
17 patients treated with a combination of chemo-
therapy (typically CHOP or R-CHOP) and RT 
(median 35 Gy), the overall response rate was 
100 % (15 complete response, 1 unconfi rmed 
complete response, 1 partial response). For fi ve 
patients, a partial or unconfi rmed complete 
response after chemotherapy was transformed to 
a complete response after RT. Local control was 
maintained in all but one patient, whose disease 
relapsed both locally and distantly. Distant 
relapse was common. The 5-year progression- 
free survival rate was 43.8 %, with a median time 
to event of 3.2 years. The median overall survival 
time was 6.4 years [ 16 ]. It is worth to mention 
that these patients were subsequently included in 
the aforementioned ILROG study. 

 Lastly, an analysis using the National Cancer 
Database (NCDB) assessed outcomes of early- 
stage MCL. The authors identifi ed 2539 patients 
with stage I–II MCL. Of these, 70 % were treated 
with chemotherapy alone, 11 % with RT alone, 
and 19 % with a combination of chemotherapy 
and RT. Patients who received combined modal-
ity therapy experienced signifi cantly better 
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 overall survival than patients treated with either 
chemotherapy or RT alone (3-year overall sur-
vival 79.8 % for chemotherapy + RT, 67.8 % for 
chemotherapy alone, 72.4 % for RT alone, 
 P  < 0.001). After correction for indication bias 
through inverse probability treatment weighting, 
combined modality therapy was found to reduce 
the risk of overall mortality compared with 
monotherapy (hazard ratio 0.65,  P  = 0.029) [ 17 ]. 

 Taken together, these studies suggest that the 
incorporation of RT into management is associ-
ated with improved outcomes in limited stage 
MCL. Patients who are fi t should receive chemo- 
immunotherapy followed by consolidative 
RT. RT alone is appropriate in patients consid-
ered unsuitable for systemic therapy [ 1 ].  

    Radiation Field, Dose, and Technique, 
Early-Stage Case 

 In this case, consolidative RT targeted the entire 
left conjunctiva. Technique varies between 
institutions, some uses electron, and others use 
photon with intensity-modulated radiation ther-
apy (IMRT). In case 1, treatment was delivered 
using a single appositional 16-MeV electron 
beam. The total dose of 24 Gy was given at 2 Gy 
per fraction (Fig.  10.2a ). Custom skin collima-
tion was used to sharpen the penumbra and pro-
tect adjacent structures; in this case since we 
used 16 MeV, the eyelid served as a bolus, and 
patient was treated with closed eyes. It should 
be looked at on a case- by- case basis to make 
sure that the target is well covered. It is also felt 
that when the conjunctiva is involved, the whole 
orbit has to be treated as opposed to when the 
lacrimal gland is involved, only targeting the 
lacrimal gland is acceptable.

   The step of planning starts with the simulation 
where the physician outlines the tentative area of 
interest using CT wires; this area can be later eas-
ily identifi ed by the planning team as the pre-
sumed edge of the skin collimation. CT simulation 
scan will be obtained, the eye will be contoured 
as the CTV, and plan will be generated taking 
into consideration that a skin collimation will be 

used. At the same time, the skin collimation mak-
ing will start as follows: an aquaplast material is 
used to template the face and the eye during the 
simulation (Fig.  10.2b ) and will be used as the 
negative to produce a clay material (Fig.  10.2c  1, 
2, 3), the skin collimation will be drawn on the 
clay by the physician, and the shape of the skin 
collimation will be copied from the skin render-
ing from the treatment planning system 
(Fig.  10.2d ). The skin collimation thickness will 
be produced according to the electron energy 
used. It is advisable on day one to verify with the 
area treated by applying the skin collimation and 
generating the fi eld using CT wires and rerun the 
plan on the new scan to make sure we are not 
missing the target (Fig.  10.2e ). 

 The ILROG RT guidelines for nodal and 
extranodal non-Hodgkin lymphomas are a valu-
able reference for the radiation oncologist treat-
ing MCL [ 18 ,  19 ]. As described in the guidelines, 
an involved site RT (ISRT) approach should be 
used, in which the gross tumor volume (GTV) 
equates to the clinically and radiographically evi-
dent tumor, the clinical target volume (CTV) 
encompasses the GTV as well as potential sites 
of microscopic disease, the internal target vol-
ume (ITV) considers uncertainties in position of 
the CTV within the patient, and the planning tar-
get volume (PTV) accounts for differences in 
patient positioning with each treatment. In 
patients treated with consolidative RT after a 
complete response to chemotherapy, RT should 
target the pre-chemotherapy site of disease, tak-
ing into consideration changes in anatomy fol-
lowing disease response. In patients who are not 
candidates for or decline chemotherapy, RT may 
be used as a single modality; in this setting, a 
more generous area may be irradiated to account 
for adjacent microscopic disease. 

 MCL responds to low RT doses. M’kacher 
et al. demonstrated the exquisite radiosensitivity 
of MCL cells in vitro [ 20 ]. These fi ndings have 
been supported by clinical experience. When RT 
is used with curative intent, a dose of 24–30 Gy is 
recommended in most cases; however, as 
described below, lower doses may be preferable 
in certain settings [ 18 ].  
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  Fig. 10.2    ( a ) Axial, sagittal, and coronal slices from an 
RT plan that targeted the left conjunctiva, using a single 
appositional 16-MeV electron beam. The total dose of 
24 Gy was given at 2 Gy per fraction. Custom skin colli-
mation was used to reduce penumbra and protect adjacent 
structures. ( b ) Aquaplast mold used to template the face. 

( c ) Clay mold showing how to mark for the skin collima-
tion (1), the skin collimation (2), and (3) the bolus added 
to bring the dose superfi cially. ( d ) Skin rendering used to 
mark the skin collimation on the clay mold. ( e ) Patient 
daily setup       
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    Posttreatment Considerations, 
Early-Stage Case 

 This patient developed dryness and irritation of 
the eye near the end of RT. His symptoms 
responded well to lubricating eye drops and had 
improved signifi cantly by 1 month after 
treatment. 

 After the completion of therapy, he was seen 
in routine follow-up every 3–6 months for 5 
years, and annually thereafter. Each follow-up 
visit included a history and physical examination, 
bloodwork (including a CBC, CMP, and LDH), 
and a contrast-enhanced CT scan of the neck, 
chest, abdomen, and pelvis. Six years after the 
completion of treatment, this patient remained 
clinically and radiographically without evidence 
of disease.   

    Advanced-Stage Mantle Cell 
Lymphoma 

    Clinical Presentation, Advanced- 
Stage Case 1 

 A 69-year-old man presented with a sore throat. 
He was prescribed several courses of antibiotics, 
which did not provide relief. Ultimately, he was 
referred to an otolaryngologist, who appreciated 
an oropharyngeal mass. A biopsy of the mass 
confi rmed MCL. 

 The patient had an excellent performance sta-
tus. His only symptom was throat pain. He denied 
fevers, night sweats, and weight loss. A physical 
examination was notable for lymphadenopathy 
of the neck, axillae, and inguinal regions. The 
largest node, in the left neck, measured 6 cm. No 
hepatosplenomegaly was appreciated.  

    Pathology, Advanced-Stage Case 1 

 This patient’s oropharyngeal biopsy revealed 
MCL, blastoid variant. The pharyngeal mucosa 
was extensively replaced by lymphoma. The neo-
plastic cells were positive for CD5, CD20, PAX5, 
and cyclin D1; they were negative for CD10. The 

anti-Ki-67 antibody showed a proliferation rate 
of 90 %. Translocation t(11;14) was detected by 
FISH. 

 Blastoid or blastic variant MCL describes 
cases with a homogeneous population of cells 
displaying lymphoblastic morphology. It repre-
sents 10–15 % of MCL cases. Patients with blas-
toid variant MCL experience particularly short 
durations of response after chemotherapy and 
poor overall survival [ 2 ].  

    Staging and Prognostic Factors, 
Advanced-Stage Case 1 

 A complete staging evaluation was remarkable 
for an elevated white blood cell count (WBC, 
19,000/μL) and LDH level (1400 IU/L). A PET 
scan showed a hypermetabolic mass involving 
the oropharynx and multi-compartmental ade-
nopathy above and below the diaphragm. A bone 
marrow biopsy revealed involvement by disease, 
with MCL comprising 10 % of the cellularity. 

 The MCL International Prognostic Index 
(MIPI) is a validated prognostic stratifi cation 
tool for patients with advanced-stage MCL. The 
formula takes into account age, performance 
status, LDH level, and WBC to divide patients 
into low-, intermediate-, and high-risk groups, 
which have markedly different outcomes. In the 
initial publication, the median survival of the 
high-risk group was 29 months, of the interme-
diate-risk group was 51 months, and of the low-
risk group had not been reached at a median 
follow-up of 32 months (5-year overall survival 
rate of the low-risk group was 60 %) [ 21 ,  22 ]. 
Variations of the MIPI have been introduced. 
The simplifi ed MIPI is calculable at the bed-
side, with similar concordance but lower dis-
criminatory power. The biologic MIPI 
incorporates the Ki-67 proliferation index, 
which improves the discriminatory power for 
progression- free survival [ 23 ]. These scores 
may be used to develop individualized, risk-
adapted treatment plans. These formulas placed 
this patient in the high-risk category, so his out-
come was expected to be poor, and aggressive 
management was indicated.  
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    Treatment and Management, 
Advanced-Stage Case 1 

 For his high-risk disease, this patient received 
induction treatment with four cycles of rituximab 
and dose intensifi ed CHOP (maxi-CHOP) alter-
nating with rituximab and high-dose cytarabine. 
His disease responded completely. Then, he 
underwent autologous stem cell transplantation 
(ASCT) with a conditioning regimen of carmus-
tine, etoposide, cytarabine, and melphalan 
(BEAM). This regimen, published by the Nordic 
Lymphoma Group [ 24 ], is one of a variety of 
approaches used to intensify therapy and improve 
outcomes in MCL. 

 CHOP chemotherapy, used historically to 
treat MCL, was associated with poor outcomes. 
Early studies demonstrated that the addition of 
rituximab to CHOP improved the overall 
response rate (94 % vs. 75 %), complete response 
rate (34 % vs. 7 %), and median time to treatment 
failure (21 months vs. 14 months); however, no 
improvement was observed in progression-free 
survival (25 % at 2 years) or overall survival 
(76 % at 2 years) [ 25 ]. Given these poor out-
comes, intensifi cation of therapy has been stud-
ied. One approach that has demonstrated 
promising outcomes is fi rst-line consolidation 
with high-dose chemotherapy (HDC) and 
ASCT. Multiple groups have reported their favor-
able experiences [ 26 ,  27 ]. As one example, the 
Nordic group published the regimen that was 
used to treat this patient. In their trial, MCL 
patients who responded to induction therapy with 
rituximab and maxi-CHOP alternating with high- 
dose cytarabine were subsequently consolidated 
with HDC/ASCT. This regimen resulted in excel-
lent 6-year progression-free and overall survival 
rates of 66 % and 70 %, respectively [ 24 ]. Further 
follow-up showed an impressive median event- 
free and overall survival of 7.4 years and over 10 
years, respectively [ 28 ]. An alternative approach 
that does not incorporate ASCT is rituximab in 
combination with fractionated cyclophospha-
mide, vincristine, doxorubicin, and dexametha-
sone (hyper-CVAD), alternating with high-dose 
methotrexate and cytarabine (R-hyper-CVAD/
MA). This intensive regimen has yielded 

 favorable outcomes. For example, in the SWOG 
0213 study, R-hyper-CVAD/MA was associated 
with a median progression-free survival of 
4.8 years and overall survival of 6.8 years; the 
2-year progression- free and overall survival rates 
were 63 % and 76 %, respectively [ 29 ]. 

 This patient tolerated intensifi ed chemother-
apy and ASCT well. However, 3 weeks after 
ASCT, he developed rapidly progressive oropha-
ryngeal swelling. A tonsillar biopsy confi rmed 
refractory MCL. Of note, in the Nordic Study, 
high MIPI score and Ki-67 expression level were 
independent predictors of poor outcome [ 28 ]. 
This patient had both of these risk factors. 

 He was referred to Radiation Oncology for 
consideration of palliative irradiation of his oro-
pharyngeal disease. At the time of consultation, 
he had severe dysphagia, necessitating that he 
grinds his food and preventing him from swal-
lowing pills. His voice had a muffl ed quality. 
Physical examination revealed signifi cant tonsil-
lar swelling and bilateral cervical adenopathy. 
There was no trismus or limitation of tongue 
mobility. Small, fi rm bilateral neck nodes were 
appreciable. No other site of adenopathy or hepa-
tosplenomegaly was appreciated. A contrast- 
enhanced CT scan confi rmed enlargement of the 
palatine and lingual tonsils, as well as bilateral 
neck adenopathy (Fig.  10.3a ).

       Radiation Field, Dose, and Technique, 
Advanced-Stage Case 1 

 RT was started urgently to address this patient’s 
rapidly progressive oropharyngeal disease. 
Initially, he was treated with opposed lateral 
beams to a total dose of 7.5 Gy in 3 fractions (see 
Fig.  10.3b ). After completing this initial phase of 
therapy, his voice had returned to normal, he was 
able to swallow solid foods, and a CT scan 
revealed a reduction in tonsillar swelling 
(Fig.  10.3c ). Then, his treatment was continued 
with intensity-modulated RT (IMRT) to mini-
mize dose to the adjacent salivary glands 
(Fig.  10.3d ). He received an additional 16 Gy in 
8 fractions, using IMRT. Thus, the oropharynx 
was treated to a total dose of 23.5 Gy. At the 
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 completion of therapy, his symptoms had 
resolved completely. A CT scan revealed an 
excellent therapeutic response (Fig.  10.3e ). 

 RT provides effective disease control in MCL, 
with relatively low doses. One group reported on 
38 sites in 21 consecutive patients that were 
treated with RT to a mean dose of 30 Gy (range 
10.5–45 Gy). The overall local response rate was 
100 %, with a complete response obtained in 
64 % of sites and partial response in 36 %. The 
average time to response was 20 days, with 78 % 
of sites demonstrating a response before RT was 
complete. Of the 16 sites that were initially 
symptomatic, 94 % exhibited palliation, most 
(87 %) before the completion of RT [ 30 ]. 

 Another group confirmed these findings 
with a report of 68 sites in 39 patients that 
were treated with RT to a median dose of 
30.6 Gy (range 18–40 Gy). The overall local 
response rate was 94 %. The response was 
complete in 69 % of sites and partial in 25 %. 
The majority of patients were treated with pal-
liative intent, and 95 % of patients in this sub-
group experienced symptomatic relief from 
RT. The authors emphasize that patients were 
heavily pretreated with chemotherapy, so RT 
provides benefit even in patients with chemo-
refractory disease. In this series, nine sites 
(13 %) exhibited local relapse in the previ-
ously irradiated area at a median of 7 months 
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  Fig. 10.3    ( a ) A contrast-enhanced CT scan demonstrat-
ing the enlargement of the palatine and lingual tonsils and 
bilateral neck adenopathy. A tonsillar biopsy confi rmed 
MCL. ( b ) Axial, sagittal, and coronal slices from an 
opposed lateral beam RT plan. Treatment with this plan 
was initiated urgently to deliver a total dose of 7.5 Gy, at 
2.5 Gy per fraction, for this patient’s rapidly progressive 
oropharyngeal disease. ( c ) A non-contrast CT scan per-

formed after the initial phase of RT (7.5 Gy) demonstrated 
a therapeutic response. ( d ) Axial, sagittal, and coronal 
slices from an intensity-modulated RT (IMRT) plan that 
was used to deliver an additional 16 Gy in 8 fractions. 
IMRT was used to minimize dose to the adjacent salivary 
glands. ( e ) A non-contrast CT scan performed after the 
completion of RT (23.5 Gy) demonstrated an excellent 
therapeutic response       
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(range 2–21 months) after RT. The only factor 
that was  associated with increased risk of 
relapse was large tumor size. No correlation 
was found with the radiation dose, suggesting 
that low doses are adequate, and no benefit is 
obtained from dose escalation [ 31 ]. 

 The ILROG guidelines recommend a dose of 
24–30 Gy for mantle cell lymphoma [ 18 ]. This 
dose should be used when RT is administered 
with defi nitive intent or with palliative intent in 
cases for which durable disease control is of 
major clinical concern. However, MCL is exqui-
sitely radiosensitive, and lower doses may be 
indicated in some settings, as summarized in 
Advanced Case 2.  

    Posttreatment Considerations, 
Advanced-Stage Case 1 

 This patient experienced an excellent clinical and 
radiographic response to RT. He did experience 
acute grade 2 mucositis, which was managed 
with sucralfate and magic mouthwash. 

 Despite the dramatic local response to RT, this 
patient’s prognosis is poor. In general, patients 
with MCL that have relapsed after ASCT experi-
ence a median overall survival of 19 months, with 
signifi cantly inferior survival ( P  < 0.001) 
observed in those with a short (<12 months) 
interval between ASCT and relapse, as observed 
in this case [ 32 ]. 

 For his refractory disease, this patient was 
started on salvage rituximab and ibrutinib. There 
is no standard therapy for relapsed/refractory 
MCL; multiple chemo-immunotherapy regimens 
have been explored, but durable disease control 
has been diffi cult to achieve. Ibrutinib, a small- 
molecule inhibitor of Bruton’s tyrosine kinase 
(BTK), has shown a promising activity. A multi-
center phase II study evaluating ibrutinib in 
patients with relapsed or refractory MCL reported 
an overall response rate of 68 %, with a complete 
response in 21 % of patients. The median dura-
tion of response was 17.5 months, median 
progression- free survival was 14 months, and 
estimated overall survival rate at 18 months was 
58 % [ 33 ]. 

 Other regimens that have been studied in the 
relapsed/refractory setting include rituximab, 
gemcitabine, and oxaliplatin [ 34 ]; rituximab, 
dexamethasone, cytarabine, and cisplatin 
(R-DHAP) [ 35 ]; R-hyper-CVAD/MA [ 36 ]; ritux-
imab, fl udarabine, cyclophosphamide, and mito-
xantrone [ 37 ]; and bendamustine and rituximab 
(BR) [ 38 ]. These regimens typically yield an ini-
tial response but only short-term disease control, 
with a median progression-free survival of 
<2 years. Initial data suggest that the consolida-
tion of salvage therapy with allogeneic stem cell 
transplantation results in the best outcomes [ 32 ].  

    Clinical Presentation, Advanced- 
Stage Case 2 

 A 73-year-old man presented with a progressive, 
fi rm right axillary mass. A CT scan revealed axil-
lary, mediastinal, and retroperitoneal adenopathy. 
A biopsy of the axillary mass demonstrated 
MCL. The patient had a good performance status 
and denied fevers, night sweats, and weight loss. 
His physical examination was remarkable for 
multi-station adenopathy, above and below the 
diaphragm.  

    Pathology, Advanced-Stage Case 2 

 The pathologic fi ndings of the axillary nodal 
biopsy were typical of MCL. Histological sec-
tions revealed lymphoid tissue with complete 
effacement of the architecture by small- to 
medium-sized lymphoid cells with irregular 
nuclear contours. By immunohistochemistry, the 
cells were positive for CD5, CD20, and cyclin 
D1. They were negative for CD10. Approximately 
40 % of cells were positive for Ki-67.  

    Staging and Prognostic Factors, 
Advanced-Stage Case 2 

 A complete staging evaluation revealed a normal 
WBC (5600/μL) and LDH (613 IU/L). A PET 
scan showed hypermetabolic adenopathy above 
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and below the diaphragm. The gastric wall was 
diffusely thickened and hypermetabolic. FDG- 
avid masses were seen throughout the peritoneal 
cavity. A bilateral bone marrow biopsy showed 
no morphologic, immunohistochemical, or fl ow 
cytometric support for MCL. 

 This patient’s biologic MIPI placed him in the 
high-risk group.  

    Treatment and Management, 
Advanced-Stage Case 2 

 For his advanced-stage MCL, this patient was 
treated initially with ibrutinib and rituximab, on 
a protocol assessing this regimen in the frontline 
setting. After 2 months, this therapy was discon-
tinued, due to disease progression and side effects. 
Then, he was started on rituximab, bortezomib, 
and lenalidomide, agents that have shown activ-
ity in relapsed or refractory MCL [ 39 – 43 ]. His 
disease continued to progress rapidly, and his 
performance status declined. His intra-abdominal 
disease became quite symptomatic, causing sig-
nifi cant distension, discomfort, and early satiety. 
A CT scan of the abdomen and pelvis revealed 
increased thickening of the diffusely infi ltrated 
gastric wall, extensive adenopathy, increased 
peritoneal implants, and underlying ascites 
(Fig.  10.4 ). Paracenteses did not provide relief. 

Ascitic fl uid contained MCL cells. The patient 
was referred to Radiation Oncology for consid-
eration of palliative treatment of his abdomino-
pelvic disease.

       Radiation Field, Dose, and Technique, 
Advanced-Stage Case 2 

 The patient was treated with 4 Gy, at 2 Gy per 
fraction, to the abdomen and pelvis, using AP-PA 
18-MV photon beams (Fig.  10.5 ). Similar to 
the indolent non-Hodgkin lymphomas, MCL is 
exquisitely radiosensitive. High local response 
rates are achieved with a dose of just 4 Gy, even 
in patients with chemorefractory disease [ 44 , 
 45 ]. This treatment is well tolerated and more 
convenient than protracted dosing schedules. 
This “boom boom” RT is useful when a durable 
response is less critical or when normal tissue tol-
erance precludes the use of higher doses.

       Posttreatment Considerations, 
Advanced-Stage Case 2 

 The patient tolerated RT extremely well. Within 
1 week after the completion of therapy, he 
reported an improvement in the symptoms 
 associated with his intra-abdominal disease. His 

  Fig. 10.4    A contrast-enhanced CT scan demonstrating extensive MCL throughout the abdomen and pelvis. Findings 
include gastric wall thickening, adenopathy, peritoneal implants, and ascites       
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prognosis remained poor, but he achieved effec-
tive palliation. 

   Conclusions 

 Typically, MCL demonstrates aggressive clin-
ical behavior and is disseminated at the time 
of diagnosis. However, the neoplastic cells are 
exquisitely radiosensitive, responding rapidly 
to low radiation doses. Therefore, RT is an 
important treatment modality that can contrib-
ute to cure and provide palliation. Indications 
for RT include consolidation therapy after ini-
tial chemotherapy in localized MCL and pal-
liative therapy in the setting of advanced 
disease. The radiation oncologist should be 
aware of the signifi cant benefi t that MCL 
patients can derive from RT.       
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      Extranodal NK/T-Cell Lymphoma, 
Nasal Type                     

     Yexiong     Li     

    Abstract  

  Extranodal natural killer (NK)/T-cell lymphoma (NKTCL), nasal type, 
has been defi ned as a distinct clinicopathologic entity since 1994 (Harris 
et al. Blood 84:1361–1392, 1994; Chan et al. Extranodal NK/T-cell lym-
phoma, nasal type. In: Jaffe ES, Harris NL, Stein H, Vardiman JW (eds) 
World Health Organization classifi cation of tumours: pathology and 
genetics of tumours of haematopoietic and lymphoid tissues. IARC Press, 
Lyon. p. 204–207, 2001; Chan et al. Extranodal NK/T-cell lymphoma, 
nasal type. In: Jaffe ES, Harris NL, Stein H, Vardiman JW (eds). World 
Health Organization classifi cation of tumours: pathology and genetics of 
tumours of haematopoietic and lymphoid tissues. IARC Press, Lyon. p. 
285–288, 2008), with an aggressive clinical course. It is rarely diagnosed 
in Europe and North America, but relatively common in East Asia and 
South America, accounting for 10–30 % of all cases of non-Hodgkin’s 
lymphomas (NHL) in these countries (Vose et al. J Clin Oncol 26:4124–
4130, 2008; Au et al. Blood 113:3931–3937, 2009; Sun et al. Am J Clin 
Pathol 138:429–434, 2012; Yang et al. Diagn Pathol 6:77, 2011). This 
disease can arise within any extranodal organ or tissue, but usually involves 
the upper aerodigestive tract (UADT), such as the nasal cavity and 
Waldeyer’s ring (Aviles et al. Clin Lab Haematol 22:215–220, 2000; Li et 
al. Cancer 83:449–456, 1998; Li et al. J Clin Oncol 24:181–189, 2006, Li 
et al. Blood 112:3057–3064, 2008; Li et al. Clin Cancer Res 15:2905–
2912, 2009). Clinically, it is characterized by predominance in adult 
males, a large proportion of early-stage diseases, good performance status, 
extensive primary tumor invasiveness, low-risk score by International 
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Prognostic Index (IPI), and a propensity for extranodal spread (Au et al. 
Blood 113:3931–3937, 2009; Aviles et al. Clin Lab Haematol 22:215–
220, 2000; Li et al. Cancer 83:449–456, 1998; Li et al. J Clin Oncol 
24:181–189, 2006; Li et al. Blood 112:3057–3064, 2008; Li et al. Clin 
Cancer Res 15:2905–2912, 2009). 

 The prognosis of NKTCL varied, mainly depending on the prognostic 
factor and treatment (Cheung et al. Int J Radiat Oncol Biol Phys 54:182–
190, 2002; Chim et al. Blood 103:216–221, 2004). The rarity and hetero-
geneity of NKTCL and the lack of prospective trial data have resulted in a 
variety of treatment options, chemotherapy regimens, and radiotherapy 
volumes and doses at different institutions. However, radiotherapy is the 
backbone of curative intent for ear ly- stage NKTCL. New regimen chemo-
therapy shows promising results against refractory or advanced NKTCL.  

       Clinical Presentation 

    Case 1 

  A 39-year-old man presented with chronic sinus-
itis .  A computed   tomography  ( CT )  scan was done 
showing an abnormality in the right nasal cavity 
and right maxillary area. A core biopsy of the 
right nasal cavity lesion was consistent with 
NKTCL ,  nasal type. Pathology showed a poly-
morphic proliferation of small ,  medium size ,  and 
large lymphocytes with high number of admixed 
histiocytes. Tissue necrosis was present in multi-
focal areas and blood vessels. Neoplastic lym-
phocytes were positive for CD3 and CD56 , 
 non - immunoreactive for CD4 ,  CD8 ,  CD5 ,  and 
CD20. In situ hybridization for EBV  ( EBER )  was 
strongly positive within the tumor . 

 The nasal cavity is the prototypic site of involve-
ment in NKTCL [ 4 ,  6 – 8 ]. The patient in case 1 pre-
sented with disease involving the right nasal cavity 
as well as the medial side of the right maxillary 
sinus. Infl ammatory enhancement was suspected to 
be admixed with the areas of disease including the 
right sinus walls as well as the part of the right 
nasal and left nasal cavity (Figs.  11.1  and  11.2 ).

   In the 2008 WHO criteria [ 3 ], update of the 
REAL classifi cation [ 2 ], “nasal” NKTCL was 
defi ned as a disease occurring in the UADT, 
whereas “extranasal” NKTCL was defi ned as a dis-
ease occurring outside the UADT. Based on recent 
data, NKTCL consists of three distinct subgroups: 

nasal NKTCL, extranasal UADT NKTCL, and 
extra-UADT NKTCL [ 11 ,  12 ,  18 ]. The various 
clinical presentation and prognosis between the 
three subgroups are summarized in Table  11.1 .

   UADT NKTCL is characterized by predomi-
nance in young male, good performance status, 
elevated lactate dehydrogenase (LDH) in a large 
proportion of patients, high frequency of early- 
stage disease, and low-risk group according to 
International Prognostic Index (IPI) [ 10 ]. Patients 
usually have local tumor invasion or adjacent 
structure involvement (40–60 %). For nasal 
NKTCL, the most frequently involved adjacent 
sites are the maxillary and ethmoid sinuses, fol-
lowed by the nasopharynx [ 15 ,  26 ]. The major 
pathway of lymph node spread for nasal NKTCL 
is to the submandibular and cervical lymph nodes 
[ 9 ]. The primary pattern of failure is distant 
extranodal sites such as the skin, lung, and liver. 
The propensity for NKTCL spread to the extra-
nodal organs, especially the skin, is related to the 
homing capacity of NK/T-cell. 

 Extranasal UADT NKTCL represents differ-
ent clinical features and prognosis [ 11 ,  12 ,  18 ]. 
The most frequent presenting symptoms for 
Waldeyer’s ring NK/T-cell lymphoma (WR 
NKTCL) are odynophagia, dysphagia, and cervi-
cal lymphadenopathy [ 11 ]. Patients are more 
likely to present with regional nodal involvement 
(60 %) and advanced-stage diseases (20–40 %) 
and have a relatively favorable prognosis [ 11 ,  12 , 
 18 ]. The majority of patients with extranasal 
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  Fig. 11.1    Initial staging MRI of case 1       

    Table 11.1    Clinical and immunophenotypic differences between the three subgroups of extranodal nasal-type NK/T- -
cell lymphoma   

 UADT-NKTCL 

 Feature   Nasal NKTCL    Extranasal UADT - NKTCL    Extra - UADT - NKTCL  
 Primary site  Nasal cavity or paranasal 

sinus with or without 
extension into adjacent 
structures 

 Waldeyer’s ring 
(nasopharynx, tonsil, 
oropharynx, base of the 
tongue), hypopharynx, 
larynx, and oral cavity 

 The skin and soft tissue, 
gastrointestinal tract, testis, 
et al. Accounts for 10–30 % 
of all cases 

 Phenotype  High expression of EBV 
(>90 %), CD3ε, CD56, and 
Ki-67. All cases express 
cytotoxic proteins. 

 High expression of EBV 
(>90 %). CD56 expression 
is less common than nasal 
variant, low proliferation 
index 

 EBV expression is relatively 
diverse (40–100 %). High 
proliferation index 

 Age  Usually adults, median age 
of 44 years 

 Usually adults, median age 
of 38–50 years 

 Usually adults, median age 
of 50 years 

 Sex  Male predominance, 
M/F = 2–4:1 

 Male predominance, 
M/F = 2.6:1 

 Male predominance, 
M/F = 1.5–2.3:1 

 Stage  Usually present with 
early-stage disease, 
majority with stage I 
(60–80 %); less common 
with stage III and IV 
(10–25 %). 

 Usually present with 
early-stage disease, stage I 
<20 %, stage II 50–60 %; 
more advanced-stage 
disease (20–30 %) 

 Usually present with 
disseminated and advanced- 
stage disease (>50 %) 

 Performance status  Good  Good  Poor, frequently ECOG ≥ 2 
 Elevated LDH  Frequency (20–50 %)  Frequency (20–50 %)  High frequency (50–70 %) 
 Lymph node involvement  Low frequency of lymph 

node involvement at 
diagnosis (<20 %) 

 Frequent involvement of the 
cervical lymph node 
(>50 %) 

 High frequency of regional 
lymph node involvement 

 IPI  Usually low risk, IPI 
0–1 > 90 % 

 Usually low risk, IPI 
0–1 ≥ 80 % 

 Usually high risk, IPI 0–1 
25–58 % 

 Failure patterns  Extranodal organs. The skin 
is the most common site 

 Lymph nodes and 
extranodal organs 

 Extranodal organs 

 Clinical course  Aggressive  Less aggressive  Highly aggressive 
 Prognosis  Favorable outcome in stage 

I patients treated with 
appropriate radiotherapy, 
poor for stage II–IV 
patients 

 Relatively favorable 
outcome compared with 
nasal or extra-UADT 
variants 

 Extremely poor prognosis; 
median survival, 3–20 
months 

  Modifi ed from Liu et al. [ 18 ] 
  Abbreviations :  UADT  upper aerodigestive tract,  NKTCL  extranodal nasal-type NK/T-cell lymphoma,  EBV  Epstein-Barr 
virus,  ECOG  Eastern Cooperative Oncology Group,  LDH  lactate dehydrogenase,  IPI  International Prognostic Index  
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UADT NKTCL or WR NKTCL present with Ann 
Arbor stage II to IV disease, whereas only 
10–20 % patients have stage I disease. This dif-
fered from reports in which the frequency distri-
bution (60–80 %) of stage I disease was 
predominant in patients with nasal NKTCL [ 10 , 
 14 ,  27 ]. Several studies have demonstrated that 
UADT NKTCL and extra-UADT NKTCL have 
different clinical features and prognoses [ 5 ,  16 , 
 28 – 32 ,  34 ,  35 ,  41 ]. Extra-UADT NKTCL consti-
tutes only 10–30 % of all NKTCL cases and is 
characterized by poor performance status, high 
frequency of elevated LDH, advanced-stage dis-
ease, high-risk IPI, and extremely poor prognosis 
(Table  11.1 ).   

    Pathology 

 Extranodal nasal-type NK/T-cell lymphoma was 
formerly named angiocentric lymphoma in 
REAL classifi cation in 1994 [ 1 ]. Other terms 
such as lethal midline granuloma, malignant 
granuloma, midline malignant reticulosis, and 
angiocentric immunoproliferative lesion were 
used before 1994. 

 The typical morphology of this disease 
includes frequent angiocentricity with zone 
necrosis and polymorphism of individual cells 
with small or medium size of tumor cells and 
polymorphous infl ammatory infi ltrate. The histo-
logical features are similar irrespective of the 
anatomical sites involved [ 3 ]. Repeated biopsy is 
usually required for pathologic diagnosis, due to 
necrosis and small size of specimens. 

 NKTCL is derived mostly from activated NK 
cell, and rarely from cytotoxic T lymphocyte. The 
typical phenotype is CD2+, CD3s−, CD3ε+, 
CD56+, CD20−/CD79a−, and cytotoxic mole-
cules (T-cell intracellular antigen-1 [TIA-1], gran-
zyme B, perforin)+. The tumor cells are infected 
by Epstein-Barr virus (EBV), which is detected by 
in situ hybridization (ISH) for EBV- encoded RNA 
(EBER). Some cases also show a cytotoxic T-cell 
phenotype that is negative for CD56 but positive 
for CD3ε, cytotoxic molecules (TIA, Gram B, per-
forin), and EBER with TCR gene rearrangement. 
Patients with CD56-negative NKTCL have similar 
clinical features as those with CD56-positive 

NKTCL [ 15 ,  26 ]. However, NK-cell or T-cell lym-
phoma may have different prognosis [ 16 ]. 
Extranodal lymphomas that are CDε + CD56−, but 
negative for cytotoxic molecules and EBV should 
be defi ned as peripheral T-cell lymphoma, not oth-
erwise specifi ed (PTCL-NOS). 

 TCR rearrangement is absent for NK-cell lin-
eage, but present for T-cell lineage. NKTCL is 
strongly associated with EBV infection, which is 
observed in more than 90 % of cases [ 17 ,  18 ]. 
Gain of 1q and 7q and loss of 6q and 7p are rela-
tively frequent genomic aberrations [ 19 ]. 
Mutation of JAK3, activation of STAT3, overex-
pression of matrix metalloproteinase 9, and inter-
leukin- 9 have been observed in this disease 
[ 20 – 22 ]. The inactivation or mutation of p53 is 
common [ 23 ,  24 ]. High expression of Ki-67 is 
associated with poor survival [ 18 ,  25 ].  

    Staging Procedure 

    Initial Evaluation 

  Our patient had a careful physical  ( including 
inspection of the skin )  and endoscopic examina-
tion. Imaging included an MRI ,  CT of the head 
and neck ,  and a PET / CT  (Figs .   11.1  and   11.2 ). 
 Initial complete blood count ,  biochemistry ,  liver 
and renal function ,  and LDH were normal. Bone 
marrow biopsy was normal. Although it is rarely 
involved ,  bone marrow assessment is a crucial 
part of the staging  [ 36 ,  37 ].

   To accurately determine local disease extent 
in both the soft tissue and bone, both MRI and 
CT scan of the head and neck are recommended 
in all cases [ 38 – 40 ]. Additionally, PET/CT can 
alter the original staging and affect treatment 
planning in 20–50 % of patients [ 38 ]. Moreover, 
a high tumor FDG uptake was associated with 
poor prognosis in patients with NKTCL [ 35 ,  41 ]. 

 Although it is not done in our case, many 
institutions perform quantitative measurement of 
circulating EBV-DNA viral load for the diagno-
sis, monitoring, and predicting prognosis of the 
disease. High load of plasma EBV-DNA 
 correlates with advanced-stage disease, elevated 
lactate dehydrogenase (LDH), initial response to 
therapy, and poor survival [ 42 – 44 ,  56 ].  
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    Stage and Risk Stratifi cation 

 The Ann Arbor staging system is widely used for 
diffuse large B-cell lymphoma. However, it is not 
readily applicable to NKTCL. Primary tumor 
invasion (PTI) or local tumor invasion is an 
important prognostic factor for NKTCL [ 45 – 47 , 
 105 ]. A modifi ed Ann Arbor staging system is 
recommended, and stage I disease is subclassi-
fi ed into limited stage I or extended stage I dis-
ease [ 9 ,  10 ]. Limited stage I disease is defi ned as 
tumor confi ned to a single primary site without 
extension of adjacent organs, as in case 1, 
whereas extended stage I disease extends beyond 
the primary site into any neighboring structure or 
organ, without the presence of nodal or distant 
dissemination. Ann Arbor stage II disease is 
defi ned as involvement of supradiaphragmatic 
lymph node(s). 

 The International Prognostic Index (IPI) 
and Korean Prognostic Index (KPI) are com-
monly used for NKTCL. The IPI model 
includes fi ve independent prognostic factors: 
age, stage, Eastern Cooperative Oncology 
Group (ECOG) performance status (PS), LDH, 
and extranodal involvement. The KPI identifi es 
four risk factors: B symptoms, stage, LDH, and 
regional lymph node [ 30 ]. The Ann Arbor 
stage, IPI, and KPI assign patients to four risk 
groups with different survivals but are not con-
sistent to segregate patients into risk groups or 
predict prognosis [ 12 ,  31 ,  45 – 47 ,  105 ]. Patients 
with NKTCL were predominantly young males 
with early-stage disease and good PS, which 
placed the majority of patients in the low-risk 
groups (0–1) according to the IPI or KPI. On 
the other hand, the value of KPI model in 

early-stage patients is limited because regional 
lymph node involvement duplicates Ann Arbor 
stage II disease. Based on a recent large, multi-
institutional analysis of 1383 patients, a 
NKTCL-specifi c prognostic nomogram has 
been developed and validated as a reliable tool 
to individually predict overall survival (OS) 
and has been shown to be superior to Ann 
Arbor staging, IPI, or KPI [ 45 ,  47 ]. The nomo-
gram model consisted of fi ve variables from 
routine clinical practice: stage, PS, age, LDH, 
and primary tumor invasion (PTI). PTI was 
defi ned as the presence of primary disease that 
extended into adjacent structures or organs or 
the involvement of multiple, contiguous pri-
mary sites. Furthermore, patients with early-
stage NKTCL can be classifi ed as low-risk or 
high-risk group based on the absence or pres-
ence of risk factors including age >60 years, 
elevated LDH, ECOG PS ≥ 2, stage II disease, 
and PTI [ 45 ,  47 ]. Calculation of NKTCL prog-
nostic index should be considered as part of 
initial work-up. In case 1, the patient belongs 
to the low-risk group, with normal LDH, 
PS < 2, age <60, and stage I disease.  

    Treatment Management 

 Our patient presented with an early-stage, low- 
risk disease [ 45 ,  47 ]. Although radiotherapy 
alone would have been a viable option, this 
patient was treated with radiation therapy 
 followed by chemotherapy using VIPD (etopo-
side, ifosfamide, cisplatin, dexamethasone) for a 
total of three cycles, started 2 weeks after the 
completion of radiation. 

  Fig. 11.2    Initial staging PET-CT of case 1       
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 Current data have indicated that radiotherapy is 
a critical component of curative treatment for 
early-stage NKTCL. Radiotherapy has been effec-
tive in achieving high complete response (CR) 
rates and favorable long-term survival. Except for 
two early studies with small-fi eld and low-dose RT 
[ 48 ,  49 ], radiotherapy alone resulted in complete 
response (CR) rates of 70–90 %, 5-year locore-
gional control (LRC) rate of approximately 90 %, 
and 5-year OS of 50–90 % [ 10 ,  15 ,  26 ,  45 – 47 , 
 50  –  52 ,  55 ,  105 ]. In contrast, outcome with doxo-
rubicin-based chemotherapy alone in early-stage 
NKTCL has been poor, with CR rates of 10–50 % 
and overall response rate (ORR) of 60–80 %, 
5-year OS rates of 10–35 %, and even lower 

 progression-free survival (PFS) [ 5 ,  27 ,  32 ,  33 ,  50 , 
 51 ]. The low initial response and poor prognosis 
after chemotherapy refl ect the chemoresistance, 
which may be associated with high expression of 
P-glycoprotein and p53 mutation [ 23 ,  24 ,  54 ]. In 
105 patients with early-stage nasal NKTCL who 
received primary radiotherapy, the 5-year OS and 
PFS rates were 71 and 59 % for all patients, with 
78 and 63 % for stage I disease, and 46 and 40 % 
for stage II disease [ 10 ]. Tables  11.2  and  11.3  sum-
marize series demonstrating the critical role of 
radiation therapy compared to chemotherapy 
alone for early-stage disease.

    The addition of chemotherapy to radiation 
therapy in the treatment of early-stage disease is 

   Table 11.2    Treatment outcome of radiotherapy with or without chemotherapy compared with that of chemotherapy 
alone in patients with early-stage extranodal nasal-type NK/T-cell lymphoma   

 Authors  Time  No  Primary site  Stage  Treatment 

 5-year OS 

 (%)   P  

 You et al.  2004  46  Nasal  I–II  RT: 6  83.3  0.027 
 CT ± RT: 40  28.5 

 Li et al.  2004  56  Sinonasal  I–II  RT: 11  50  0.01 
 RT + CT: 27  59 
 CT: 18  15 

 Huang et al.  2008  82  Nasal  I–II  RT ± CT: 74  62.1 (3-years)  0.000 
 CT alone: 8  12.5 (3-years) 

 Kim et al.  2008  280  All sites  I  RT ± CT: NA  90.3  0.022 
 CT alone: NA  19.3 (median) 

 Au et al.  2009  57  UADT  I–II  RT + CT: 34  57  0.045 
 CT alone: 23  30 

 Yang et al.  2009  177  UADT  I–II  RT ± CT: 140  53.4  <0.01 
 CT alone: 37  18.3 

 Nie et al.  2010  85  Nasal  I–II  RT + CT: 17  54  0.03 
 CT + RT: 48 
 CT alone: 20 

 47 
 13 

 0.049 

 Luo et al.  2010  60  Nasal  I–II  RT + CT: 37  56.7  <0.05 
 CT alone: 16  18.8 

 Yang et al.  2009  177  UADT  I–II  RT ± CT: 140  53.4  <0.01 
 CT alone: 37  18.3 

 Vazquez et al.  2014  123  UADT  I  RT: NA  63.5  <0.05 
 CT alone: NA  47.7 

 65  Extra-UADT  I  RT: NA  52.3  <0.005 
 Extra-UADT  CT alone: NA  23.8 

 Ahn et al.  2012  20  Skin  I  RT ± CT: 10  About 60  <0.005 
 CT alone: 10  12 m (median) 

 Yang et al.  2015  1273  All sites  I–II  RT ± CT: 1103  67.7  <0.001 
 RT alone: 253  69.6  <0.001 
 CT alone: 170  33.9 

   OS  overall survival,  RT  Radiotherapy,  CT  Chemotherapy,  UADT  upper aerodigestive tract,  NA  not available  
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controversial in Asia, with some studies showing 
limited benefi t [ 10 ,  13 ,  15 ,  26 ,  46 ,  59 ,  60 – 63 , 
 105 ], while others have demonstrated a better 
outcome with combined modality therapy 
(CMT)[ 11 ,  45 ,  47 ,  64 ,  65 ]. In the Western world, 
combined modality approach is generally 
favored.  

    Currently Used Combined Modality 
Therapy 

 Modern chemotherapy regimens for early-stage 
NKTCL (Table  11.4 ) including DeVIC, VIPD 
(etoposide, ifosfamide, cisplatin, dexametha-
sone), and GDP (gemcitabine, dexamethasone 

   Table 11.3    Treatment outcome stratifi ed by combined modality therapy and radiotherapy alone in patients with early- 
stage extranodal nasal-type NK/T-cell lymphoma   

 Authors  Time  No  Primary site  Stage  Treatment a  

 5-year OS 

 (%)  P 

 Cheung et al.  2002  79  Nasal  I–II  CT + RT: 61  40.3  0.870 
 RT: 18  29.8 

 I  CT + RT: 47  36.7  0.892 
 RT: 16  46.0 

 Kim et al.  2001  143  UADT  I–II  CT + RT: 39  35  0.93 
 RT: 104  38 

 Kim et al.  2005  53  UADT  I–II  CT + RT: 20  59  0.27 
 RT: 33  76 

 Li et al.  2006  105  Nasal  I–II  RT + CT: 34  77  0.518 
 CT + RT: 37  74 
 RT: 31  66 

 Ma et al.  2008  64  Nasal  I–II  RT + CT: 41  61.5  0.469 
 RT: 23  57.9 

 Aikema et al.  2008  57  Nasal  I  RT + CT: 20  61.9  >0.05 
 RT alone: 15  57.1 

 Luo et al.  2010  60  Nasal  I–II  RT + CT: 20  56.7  >0.05 
 RT alone: 7  60.2 

 Li et al.  2011  214  Nasal  I–II  RT + CT: 118  74.4  0.529 
 RT alone: 96  69.8 

 Li et al.  2009  67  WR  II  CMT: 54  79  0.092 
 RT alone: 13  57 

 Li  2012  69  UADT  I–II  CMT: 33  76.6 (3-years)  0.313 
 RT alone: 36  88.5 (3-years) 

 Aviles  2013  427  UADT  I–II  CMT: 202  86  <0.01 
 RT alone: 109  64 
 CT alone: 116  45 

 Fang  2014  124  UADT  II  CMT: 84  71.2  <0.001 
 CT or RT: 40  26.7 

 Yang et al.  2015  276  All sites  Low-risk  RT + CT: 54  86.9  0.896 
 stages I–II  CT + RT: 132  86.3  0.794 

 RT alone: 90  88.8 
 Yang et al.  2015  827  All sites  High-risk  RT + CT: 155  72.2  0.017 

 stages I–II  CT + RT: 509  58.3  0.004 
 RT alone: 163  59.6 

   OS  overall survival,  CT  chemotherapy,  RT  radiotherapy,  CMT  combined modality therapy,  UADT  upper aerodigestive 
tract,  WR  Waldeyer’s ring 
  a Most patients received doxorubicin-based chemotherapy  
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and cisplatin), in combination with radio-
therapy, have all been shown to be associated 
with improved outcome compared to histori-
cal control of radiotherapy alone [ 67 – 72 ]. Less 
common regimens used include sandwich or 
sequential LVP (L-asparaginase, vincristine, 
prednisone), GELOX (gemcitabine, oxalipla-
tin, L-asparaginase) or CHOP-L (cyclophos-
phamide, doxorubicin, vincristine, prednisone, 
L-asparaginase), and radiotherapy ([ 66 ,  73 ,  74 ]) 
with limited follow-up and experience.

      Treatment Volume and Technique 
 Our patient received intensity-modulated radia-
tion therapy (IMRT) to a total dose of 54 Gy in 28 
treatments; IMRT is the preferred technique, as it 
offers more conformal target dose distribution 
and better normal tissue sparing [ 42 ,  56 ,  57 ,  99 , 
 100 ]. Adequate radiation dose, typically >50 Gy, 
is critical for early-stage NKTCL based on exten-
sively published data as shown in Table  11.5  
([ 9 – 13 ,  15 ,  26 ,  27 ,  35 ,  41 ,  42 ,  46 ,  48 ,  49 ,  52 ,  53 , 
 55 – 57 ,  60 ,  67 ,  100 ,  101 ,  103 – 105 ]). Additionally, 

    Table 11.4    Treatment outcome of concurrent or sequential new regimen chemotherapy and radiotherapy in patients 
with stage I and II extranodal nasal-type NK/T-cell lymphoma   

 Authors  Time  No  Treatment  RT dose (Gy)  OS (%)  PFS (%) 

 Yamaguchi  2009  33  CCRT and DeVIC  Median: 50  73 (5-years)  67 
 Kim  2009  30  CCRT and VIPD  Median: 50  86 (3-years)  85 
 Tsai  2014  33  CCRT and VIPD  Median: 50.4  66 (5-years)  60 
 Ke  2014  32  CCRT (IMRT) and GDP  Median: 56  87.5 (3-years)  84.4 
 Lee  2013  27  CCRT and VIPD or SMILE  44–54  59 (3-years)  41 
 Kim  2014  30  CCRT and VIDL  40–44  60 (5-years)  73 
 Jiang  2012  26  Sandwich LVP/RT  56  88.5 (2-years)  80.6 
 Wang  2013  27  Sequential GELOX/RT  56  86 (2-years)  86 
 Wang  2014e  93  Sequential GELOX/RT: 40  56 (40–60)  78.9 (5-years)  79 

 Sequential epoch/RT: 53  50.4 (5-years)  46.5 
 Zang  2015  64  Sequential CHOP-L, SMILE 

et al. and RT 
 Median: 56  84.2 (3-years) 

 57.6 (3-years) 
 74.3 (early RT) 
 55.9 (late RT) 

   RT  radiotherapy,  OS  overall survival,  PFS  progression-free survival,  CCRT  concurrent chemoradiotherapy,  IMRT  
intensity- modulated radiation oncology,  DeVIC  dexamethasone, etoposide, ifosfamide, carboplatin;  VIPD  etoposide, 
ifosfamide, cisplatin, dexamethasone,  GDP  (gemcitabine, dexamethasone, and cisplatin),  SMILE  dexamethasone, 
methotrexate, ifosfamide, L-asparaginase, etoposide;  VIDL  (etoposide, ifosfamide, dexamethasone, L-asparaginase), 
 LVP  L-asparaginase, vincristine, prednisone,  GELOX  (gemcitabine, oxaliplatin, L-asparaginase),  CHOP - L  cyclophos-
phamide, doxorubicin, vincristine, prednisone, L-asparaginase  

   Table 11.5    Relationship of local failure and radiation fi eld and dose in extranodal nasal-type NK/T-cell lymphomas   

 Primary  RT dose  Total  Local failure 

 Author  Stage  site  (Gy)  No  No  %  P 

 Isobe 2006 [ 49 ]  I–II  UADT  ≥50 
 <50 

 26 
 9 

 6 
 6 

 23 
 67 

 0.038 

 Koom 2004 [ 101 ]  I–II  UADT  ≥45 
 <45 

 77 
 25 

 29 
 16 

 38 
 64 

 0.02 

 Shikama 2001 [ 103 ]  I–II  Nasal lymphoma  >46 
 ≤46 

 22 
 20 

 1 
 5 

 5 
 24 

 0.087 

 Cheung 2002 [ 13 ]  I–II  Nasal cavity  >50 
 ≤50 

 25 
 44 

 3 
 12 

 12 
 27.3 

 0.400 

 Wu 2008 [ 104 ]  I–II  Nasal cavity  ≥50 
 <50 

 66 
 14 

 22 
 9 

 32 
 64 

 NA 

 Huang 2008 [ 27 ]  I–II  UADT  ≥54 
 <54 

 28 
 46 

 75 % (5-year OS) 
 46 % (5-year OS) 

 60 % (5-year DFS) 
 33 % (5-year DFS) 

  P  < 0.05 for 
both 

   RT  radiotherapy,  UADT  upper aerodigestive tract,  NA  not available,  OS  overall survival,  DFS  disease-free survival  
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data also clearly show a linear relationship 
between crude or 5-year LRC and 5-year OS 
rates. High LRC rates of ≥90 % correlate with 
5-year OS rates of 70–82 % ([ 10 ,  11 ,  15 ,  26 ,  52 ]).

   Our patient was simulated using CT simula-
tor with a mask for immobilization. The images 
from the MRI and PET were fused with the 
planning CT to help guide the contouring of the 
targeted area. NKTCL represents locally 
destructive clinical behavior and shows a ten-
dency for extensive submucosa infi ltration 
beyond macroscopic disease. As such, all abnor-
mal areas seen on initial imaging were con-
toured as the gross tumor volume (GTV), 
including areas interpreted as possible infl am-
mation by the radiologist. An additional 1 cm 
was added uniformly to create the clinical target 
volume (CTV) but edited off the eyes and optic 
nerves. Any area of  abnormality suspicious for 
microscopic disease involvement was included 
as part of the CTV. Finally, the planning target 
volume (PTV) was created, by adding 3 mm 
uniformly [ 58 ]. In cases in which the volume is 
too large, it is acceptable to use two planning 
targets, with differential dosing of 54 Gy to the 
gross disease and 45–50.4 Gy to areas suspi-
cious for harboring microscopic disease. 
Prophylactic lymph node radiation was not nec-
essary in this case based on the very low inci-
dence of cervical lymph node failure in stage I 
disease (<6 %) [ 15 ,  26 ,  61 ,  75 ,  86 ,  101 ,  102 ]. 

 For NKTCL adequate coverage and control of 
the target volume take priority over minimizing 
doses to critical organs, which is a notion that 
quite often does not apply to other types of lym-
phoma. This is mainly due to the fact that radio-
therapy constitutes a critical component for the 
treatment of the disease, in which local control is 
directly linked to cure. Additionally, 
 chemotherapy, as will be discussed below, is not 
as effective as radiotherapy for this disease. 

 The treatment plan and dose volume histo-
grams are shown in Figs.  11.3 ,  11.4 , and  11.5 . 
The use of IMRT has offered sparing of the eyes, 
optic nerves, chiasm, and most of the bilateral 
parotid glands. The latter had a mean dose of 
3.09 Gy (right) and 4.13 (left).

     In other case scenarios of early-stage disease, 
the CTV should include the nasopharynx when 
primary disease is close to the choanae (limited 
stage I) or extends into the nasopharynx 
(extended stage I). If the bilateral nasal cavity is 
involved, the CTV should cover bilateral maxil-
lary sinuses. For extended stage I disease, CTV 
extends to encompass the involved paranasal 
organs or tissues with appropriate margin. If 
anterior ethmoid sinuses are involved, the CTV 
should extend the posterior ethmoid sinuses. For 
stage II NTKCL with involvement of the cervi-
cal lymph node, CTV also encompasses the 
bilateral cervical lymph nodes. The CTV of WR 
NKTCL should include the whole Waldeyer’s 
ring, adjacent organs or structures with disease 
extension, and cervical lymph nodes [ 11 ] 
(Fig.  11.6 ).

   Constraints to critical organs should follow 
the well-established guidelines similar to the one 
treated for head and neck cancers.  

    Posttreatment Consideration 
 The patient in case 1 developed grade 2 mucosi-
tis of the hard palate, grade 2 dermatitis espe-
cially in the dose entrance areas. As of the third 
week of treatment, he lost the hair in his nose 
and developed dryness in his nostril and as of 
week 4 had streaks of blood when blowing his 
nose. The symptoms were managed with saline 
spray. Since he was on chemotherapy, non-
codeine pain medications were avoided so as 
not to mask a fever. 

 The patient has been in remission for 34 
months, which is usually an indication of possi-
bility for a long-term cure, although late relapses 
have been reported even the past year  fi ve  after 
remission. At the last follow-up, the patient has 
no complaints specifi cally related to the area that 
received radiation; he does not have any indica-
tion of his salivary glands dysfunction, visual 
compromise, or auditory defi cits, which is a 
refl ection of how IMRT can spare normal organs 
even with a prescribed dose of 54 Gy. Figure  11.7  
shows a complete remission but with residual 
sinusitis as refl ected by the opacifi cation seen in 
the right maxillary sinus.
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        Case 2 

  A 43-year-old man ,  worked as a nurse ,  noted severe 
pain in his left cheek associated with fullness. 
Work-up showed a mass arising from the left max-
illa infi ltrating into the left orbit  (Fig .   11.8 ).  Core 
biopsy was consistent with NKTCL ,  nasal type. The 
patient elected to go for alternative therapy using 
herbal medicine until he presented 5 months later 
with local progression of the disease ,  now infi ltrat-
ing into the skin with an open ulcer in the right 
cheek ,  as well as infi ltration into the soft and hard 
palate. MRI showed a large mass in the left naso-
ethmoid and maxillary sinus extending into the left 
orbit ,  displacing the eye up and inward and causing 
necrosis in the lower eyelid. Additionally ,  multiple 
small lymph nodes  ( 1 – 1.5 cm )  were noted bilater-
ally at levels II ,  III ,  and IV. The patient was still able 
to see with his left eye  (Fig .   11.9 ).

        Staging 

  This patient has a locally advanced invasive dis-
ease with  regional nodal involvement. His stag-
ing work included a PET/CT scan, blood work, 
and a bone marrow biopsy, which showed  no evi-
dence of distant disease or end-organ damage . 

    Treatment Management 
  It was decided to start him on radiation therapy 
concurrently with chemotherapy with DeVIC reg-
imen. Before initiating therapy ,  a gastric tube 
was inserted in preparation for treatment - related 
mucositis as well as in anticipation of possible 
development of a communicative ulcer in the 
right hard palate. He was also referred to head 
and neck surgery to prepare for an obturator ,  but 
this was deemed infeasible due to severe trismus  
( opening around 2 cm )  caused by the disease .   

  Fig. 11.3    Primary tumor localized in the left, anterior nasal cavity. Clinical target volume (CTV) included the bilateral 
nasal cavity, medial wall of right maxillary sinus, palate, bilateral anterior ethmoid sinuses, but not the nasopharynx       
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    Treatment Volume and Technique 

  The patient was simulated with mouth open using 
a stent to avoid treating the tongue and bottom 
oral cavity while trying to target the ulcer in the 
palate. A facemask was used for daily reproduc-
ibility. The staging MRI and the PET scan were 
fused with the CT simulation scan. The patient 
was consented for side effects including blind-
ness in the left eye ,  dryness of the mouth ,  brain 
injury ,  and formation of communication between 
the hard palate and the left maxilla that will 
affect his speech and swallowing. The GTV 
included all radiographic abnormalities ,  and a 
1cm margin was added for the CTV but excluding 

the left eye ,  optic nerve ,  chiasm ,  and salivary 
glands. An additional 3 mm was added for expan-
sion to PTV. IMRT was used, and  Fig .   11.10a–d  
 shows isodose lines covering the GTV to full dose 
of 54 at 2 Gy per fraction while delivering 45 Gy 
at 1.8 per fraction to other areas at risk including 
the regional lymph nodes. After 3 weeks of treat-
ment to a dose of 30 Gy ,  the patient ’ s disease 
responded quite well to a point that a re - planning 
had to be performed to avoid doses falling into 
critical organs  (Fig .   11.11 ).  As expected ,  an 
opening through the hard palate developed mid 
treatment. By this time ,  the head and neck team 
was able to fi t the patient with an obturator since 
he was then to open his mouth to over 4 cm. He 

  Fig. 11.4    IMRT plan of case 1       
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completed the remainder of his treatment ,  during 
which he developed grade 3 mucositis ,  epistaxis , 
 xerostomia ,  grade 2 dermatitis ,  and hair loss .

        Posttreatment Considerations 

  Six weeks after completion of his treatment ,  the 
G - tube was removed ,  and the patient was able to 
start eating per mouth with the obturator in place 

to prevent food from entering his left maxilla . 
Figure  11.12   shows the patient 4 weeks past com-
pletion of treatment with an excellent response 
including healing of the facial ulcer ,  lower left 
eyelid ulcer ,  and almost complete resolution of 
the left ptosis .

    Unfortunately ,  3 months after completing four 
cycles of DeVIC and 5 months after completing 
his radiation treatment ,  he presented with exten-
sive systemic disease  (Fig.  11.13 ).  Treatment 
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with salvage chemotherapy was attempted but 
failed to achieve a meaningful remission ,  and he 
passed away shortly after .

      Treatment of Locally Advanced and 
Advanced Cases 
 For high-risk patients with stage II UADT 
NKTCL, CMT signifi cantly improved OS and 
PFS compared to radiotherapy alone or chemo-
therapy alone  ( 5-year OS, 71.2 % versus 26.7 %, 
 p  <0.001) [ 64 ]. Additionally, patients with early- 
stage WR NKTCL may benefi t from CMT [ 11 , 
 12 ]. The 5-year OS and PFS rates were 79 % and 
65 % for patients treated with CMT compared 
with 57 % ( p  = 0.092) and 41 % ( p  = 0.065) for 
those treated with radiotherapy alone [ 11 ]. 
Recently, a risk-adapted therapy has been created 

for early-stage NKTCL based on a large cohort 
analysis of 1283 patients [ 45 ,  47 ]. For high-risk 
early-stage patients with any risk factors, radio-
therapy consolidated by chemotherapy proved to 
be the most effective treatment. Radiotherapy 
followed by chemotherapy signifi cantly improved 
survival compared to radiotherapy alone or 
induction chemotherapy and radiotherapy. The 
5-year OS rate was 72.2 % for radiotherapy fol-
lowed by chemotherapy compared to 59.6 % for 
radiotherapy alone ( p  = 0.017) and 58.3 % for 
chemotherapy followed by radiotherapy 
( p  = 0.004), with comparable OS for the latter two 
groups ( p  = 0.913) [ 45 ,  47 ]. Several studies have 
also demonstrated that up-front or early radio-
therapy improved survival in localized NKTCL 
[ 27 ,  66 ]. 

  Fig. 11.6    Primary tumor involved the left nasal cavity, 
nasopharynx, and oropharynx with spread to cervical 
lymph nodes. Clinical target volume (CTV) included 
the nasal cavity, left maxillary sinus, bilateral anterior 

 ethmoid sinuses, Waldeyer’s ring, and bilateral cervical 
lymph nodes. ( a – c ) oxial. ( d ) sagittal. ( e ) coronal views of 
isodose distribution. ( f ) dose volume histogram       
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 Patients with advanced-stage NKTCL is tradi-
tionally treated with doxorubicin-based chemo-
therapy. Recently, new non-multidrug resistance 
(MDR)-dependent regimens such as 
L-asparaginase-based or gemcitabine-based regi-
men have shown promising activity against 
advanced or relapsed disease [ 75 ,  77 – 88 ,  102 ]. 

The ORR and CR rates were 27–66 % and 
50–90 %, respectively (Table  11.4 ). However, 
prognosis in patients with advanced-stage dis-
ease is still poor [ 75 ,  86 – 88 ,  102 ]. Patients with 
locoregionally relapsed or refractory disease 
showed a relatively favorable prognosis. Most of 
these studies included newly diagnosed early- 
stage disease or locoregionally relapsed or refrac-
tory disease. These patients with localized 
disease usually received salvage or planned 
radiotherapy. In a phase II study of chemotherapy 
with SMILE for advanced-stage, refractory, or 
relapsed NKTCL [ 81 ], 38 patients had stage I 
and II disease, and 49 had stage III and IV dis-
ease. Nineteen patients received additional radio-
therapy. The CR and 5-year OS rates for all 
patients were 56 and 50 %. Grade III–IV acute 
toxicities were observed in 50–95 % of patients. 
High level of acute toxicity induced by dose 
intensity or new regimen chemotherapy in these 
studies is a critical concern when treating 
advanced-stage disease or defi ning radiotherapy/
chemotherapy sequences in early-stage disease. 

 Successful treatment with autologous stem 
cell transplantation has been reported in several 
small series of studies [ 89 – 92 ]. However, due to 
the limited data with inclusion of early-stage dis-
ease in these studies, further investigation is 
needed. 

 Central nerve system (CNS) chemoprophy-
laxis for early-stage NKTCL is not necessary, 
because of an apparently low incidence of CNS 
failure [ 15 ,  26 ,  93 ].   

  Fig. 11.8    Case 2       

  Fig. 11.7    Complete remission at 3 months after complet-
ing chemotherapy and radiation; there is secretion in the 
right sinus as part of the radiation side effects that might 
be there for months after the treatment       
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  Fig. 11.9    Disease progression, case 2       

  Fig. 11.10    ( a ) IMRT for case 2.  Red  represents the dis-
ease receiving 54 Gy and blue the areas receiving 45 G. 
( b ) Showing the isodose lines and coverage of the tumor 
( red ) to 54 Gy as well as the areas at risk including lymph 

node regions at risk to 45 Gy ( blue ). ( c ) Showing the iso-
dose lines and coverage of the tumor ( red ) to 54 Gy as 
well as the areas at risk including lymph node regions at 
risk to 45 Gy ( blue ). ( d ) DVH for case 2             

    Salvage Radiotherapy 

 Salvage radiotherapy or reirradiation is a treat-
ment option for patients with locoregional fail-
ure. Previous studies have shown that patients 
with locoregionally relapsed or refractory dis-
ease after initial chemotherapy can be success-
fully salvaged with radiotherapy [ 13 ,  76 ]. In 61 
early- stage patients receiving initial chemother-
apy [ 13 ], 31 (51 %) patients developed disease 
progression and 17 of them had locoregional 
failure. Nine of the latter patients were success-
fully salvaged by radiotherapy [ 13 ]. Another 
study has shown that salvage radiotherapy sig-
nifi cantly improved survival compared with sal-
vage chemotherapy alone for patients with 
locoregionally recurrent disease [ 76 ]. Of 29 

patients with locoregional recurrence only, 19 
patients received radiotherapy with or without 
chemotherapy, and 10 patients received chemo-
therapy alone. The 2-year and 5-year OS rates 
after recurrence were 77 % and 69 % for radio-
therapy, compared with 2-year OS rate of 50 % 
and median OS time of 16 months for chemo-
therapy alone ( p  = 0.006). For 24 patients who 
developed locoregional recurrence only after ini-
tial radiotherapy, 15 patients were reirradiated, 
and 9 patients were treated with chemotherapy 
alone. The CR rate was 100 % for reirradiation 
and 43 % for chemotherapy; the 2-year and 
5-year OS rates after recurrence were 85 % and 
74 % for reirradiation, compared with 2-year OS 
rate of only 30 % and median OS time of 16 
months for chemotherapy alone ( p  = 0.004).   
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Fig. 11.10 (continues)
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Fig. 11.10 (continues)
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    Recommendation 

 Based on current fi ndings, risk-adapted ther-
apy involving radiotherapy alone in carefully 
selected cases of very low-risk patients and 
radiotherapy and consolidation chemotherapy 
for intermediate to high-risk patients should be 
considered the optimal strategy for early-stage 
NKTCL. Although radiation therapy alone can 
be advocated based on the large database pre-
sented in this chapter, most practices still use 
combined modality approach for all cases, 
sequential for early favorable and concurrent 
for advanced disease. This approach could be 
inspired by the standard of care with chemo-
therapy followed by optional radiotherapy for 
early-stage diffuse large B-cell lymphoma 

(DLBCL). But the reality is that NKTCL, as 
opposed to DLBCL, is generally resistant to 
chemotherapy but sensitive to radiotherapy. 
Radiotherapy alone achieved similar 5-year OS 
in early-stage NKTCL as chemotherapy alone 
in early-stage DLBCL (50–90 %) [ 10 ,  45 ,  47 , 
 94 – 96 ]; however, chemotherapy alone achieved 
a similarly low OS in early-stage NKTCL as 
radiotherapy alone in early-stage DLBCL (30–
50 %) [ 96 ,  97 ,  98 ]. Henceforth, it is reasonable 
to accept radiotherapy followed by optional 
chemotherapy as initial therapy for early-stage 
NKTCL. 

 It should be emphasized that treatment 
strategy for NKTCL is different from that for 
DLBCL because of different chemosensitiv-
ity. Chemotherapy is primary treatment for 
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all stage DLBCL, whereas radiotherapy is 
primary therapy for early-stage NKTCL, but 
not for advanced- stage disease, and chemo-
therapy is primary treatment for advanced-
stage NKTCL. Patients with localized NKTCL 
should be managed differently from advanced-
stage diseases. Considering effective initial or 

salvage radiotherapy for localized NKTCL, 
evaluation of the effi cacy and safety with new 
regimen-based chemotherapy should be limited 
to patients with advanced-stage disease. The 
value of these new regimens in early-stage dis-
ease needs to be refi ned when combined with 
effective radiotherapy.  

  Fig. 11.11    Representative slices of re-planning       

  Fig. 11.12    Showing on the left, the response at the end of the treatment with radiation, 4 weeks later ( middle ) and 8 
weeks later ( right )       
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    Future Direction 

 Several important progresses have been made 
in the last decade: better understanding of clin-
icopathologic characteristics, accurate staging 
with modern diagnostic imaging, establish-
ment of new dedicated prognostic model and 
risk stratifi cation, risk-adapted therapy with 
introducing primary radiotherapy for early-
stage disease, and L-asparaginase-based com-
bination chemotherapy for advanced-stage 
disease. Identifi cation of additional clinical, 
pathological, or molecular predictors and incor-

poration of more effective diagnostic and thera-
peutic strategies into risk- adapted therapy 
warrants further investigation.     
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    Abstract  

  Primary cutaneous T-cell lymphomas (CTCL) are a rare form of lympho-
mas, characterized by skin involvement without extracutaneous involve-
ment at diagnosis. The most common type is mycosis fungoides (MF), 
which represent 72 % of cutaneous T-cell lymphomas with incidence of 
6.4 cases per million or approximately 3000 cases per year in the 
USA. Following that are CD30+ lymphoproliferative diseases which 
include primary cutaneous anaplastic large-cell lymphoma (pcALCL). 
Both MF and pcALCL generally follow a chronic, indolent course, but 
with frequent skin relapses and risk of extracutaneous spread. Radiation 
therapy (RT) is an important palliative treatment modality in both advanced 
and localized cases. In this chapter, patients with advanced and early stage 
MF and pcALCL will be discussed. RT management in each of these cases 
will be addressed.  

       Background 

 Primary cutaneous T-cell lymphomas (CTCL) 
are a rare form of lymphomas, characterized by 
skin involvement without extracutaneous 
involvement at diagnosis. The most common 
type is mycosis fungoides (MF), which repre-
sent 72 % of cutaneous T-cell lymphomas with 

incidence of 6.4 cases per million or approxi-
mately 3000 cases per year in the USA. 
Following that are CD30+ lymphoproliferative 
diseases which include primary cutaneous ana-
plastic large-cell lymphoma (pcALCL). Both 
MF and pcALCL generally follow a chronic, 
indolent course, but with frequent skin relapses 
and risk of extracutaneous spread. Radiation 
therapy (RT) is an important palliative treat-
ment modality in both advanced and localized 
cases. In this chapter, patients with advanced 
and early stage MF and pcALCL will be dis-
cussed. RT management in each of these cases 
will be addressed.  
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    Early Stage Mycosis Fungoides 

    Clinical Presentation: Early Stage 
Case 1 

  A healthy 59 - year - old woman presented after a 
7 - year history of a single pruritic plaque over the 
chin area of the face. Low - potency topical corti-
costeroid cream empirically helped the pruritis 
and infl ammation ,  but eventually the patient 
received a biopsy of the lesion  (Fig .   12.1 ).  Results 
demonstrated mycosis fungoides with the major-
ity of lymphocytes CD3 +  T cells. CD30 high-
lighted rare ,  scattered cells. Dermal CD4 / CD8 
ratio was 8 : 1. This patient demonstrated some 
typical and atypical epidemiologic and clinical 
risk features of MF. MF primarily affects older 
adults ,  with incidence peaking in patients aged 
70 years and older. Black race and male gender 
are risk factors associated with developing 
CTCL ,  with higher T stage and poorer long - term 
prognosis. Early lesions often start in sun - 
 shielded areas  [ 1 – 3 ].

    A complete head - to - toe skin examination was 
performed of the patient ’ s face ,  hair ,  scalp ,  neck , 
 chest ,  back ,  abdomen ,  buttocks ,  bilateral upper 
extremities ,  bilateral lower extremities ,  hands , 
 feet ,  palms ,  soles ,  digits ,  and nails. Only the 
5 × 5 cm purplish plaque on the chin area was 
noted ,  for a body surface area  ( BSA )  assessment 
of 1  %  plaque and modifi ed Severity-Weighted 
Assessment Tool  ( mSWAT )  score of 2 ,  Stage IA .  

    Pathology, Staging, and Prognostic 
Factors 

 Diagnosis of MF is challenging; with the lack of 
a diagnostic gold standard and the many benign 
conditions, MF can mimic in its early stages. 
Diagnosis requires correlation between the clini-
cal presentation along with histopathologic and 
immunophenotypic fi ndings of the skin biopsy, 
including seeking to identify a clonal T-cell pop-
ulation clustered at the basement membrane of 
the epidermis. The malignant clone should bear 
the immunophenotype of activated, skin-homing 
CD4+ helper T cells that interact with antigen- 
presenting dendritic (Langerhans) cells in the 
epidermis [ 4 ]. A typical immunophenotype is 
CD2+, CD3+, CD4+, CD45RO+, CLA+, and 
CD8− (cytotoxic T cell) [ 5 ]. 

 Early MF typically presents in patch phase, 
eventually progressing to plaques, tumors, and 
erythroderma (>80 % body surface involvement 
with confl uent patches/plaques) (Fig.  12.2 ). With 
progression, there is loss of epidermotropism, 
lymphoid infi ltration increasing in density and 
invasion into the deeper reticular dermis, and 
ultimately the development of tumor. The 
Pautrier’s microabscess is considered pathogno-
monic but occurs in less than 20 % of early 
lesions. The World Health Organization- 
European Organization for Research and 
Treatment of Cancer (WHO-EORTC) established 
the pathologic classifi cation scheme for CTCL 
including MF [ 6 – 8 ]. Variants include folliculo-
tropic and granulomatous slack skin MF.

       Staging and Prognostic Factors: Early 
Stage Case 

 A thorough history should demonstrate attention 
to duration, change, and distribution of lesion(s) 
and an understanding of symptoms including 
pruritis, pain, exfoliation, fi ssures, bullae, and 
perineal/perianal discomfort or evidence of 
involvement. The skin examination is critical not 
only for RT planning but also for staging and 
characterization of the percent cutaneous involve-
ment by BSA and mSWAT scores. Skin photo-  Fig. 12.1    Localized mycosis fungoides (MF) of the chin       
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graphs are important for documentation and 
anticipation of the chronic waxing and waning of 
disease over time and treatment. Adenopathy and 
organomegaly should also be documented. After 
biopsy, complete staging evaluation for this 
patient included complete blood count (CBC) 
with differential, comprehensive metabolic panel 
(CMP), serum chemistries (including renal and 
hepatic function), and lactate dehydrogenase 
(LDH), all of which were normal for this patient. 
Concerning lymph nodes, particularly those 
≥1.5 cm, may require excisional biopsy. PET/CT 
scan and bone marrow biopsy are not required in 
patients presenting with early stage, limited dis-
ease, but should be considered in patients with a 
higher burden of skin involvement or other con-
cerning fi ndings such as clinical abnormalities or 
large-cell transformation on pathology. Peripheral 
blood fl ow cytometry is typically performed to 
assess expression of CD2, CD3, CD4, CD5, 
CD7, CD8, CD20, and CD45RO. 

 Current staging is based on the TNMB sys-
tem, as proposed by the European Organization 
for Research and Treatment of Cancer (EORTC)/

International Society for Cutaneous Lymphomas 
(ISCL). This staging includes MF and Sézary 
syndrome (SS) and considers skin, nodal involve-
ment, and clonal and tumor burden in the blood 
[ 9 ]. T stage consistently demonstrates strong 
prognostic signifi cance. Patients with limited 
patch and plaque involvement (stage IA, T1 N0 
M0) demonstrate 10-year survival comparable to 
matched controls, while a dose response in the 
survival curve is demonstrated in patients with 
extensive patches and plaques (T2), tumors (T3), 
and erythroderma (T4), with median 11-, 3.2-, 
and 4.6-year survival, respectively [ 10 ]. In con-
trast, the independent prognostic signifi cance of 
nodal involvement on overall survival is less 
clear, though overall stage is still correlated with 
outcome [ 11 ]. Other prognostic factors previ-
ously identifi ed in studies include older age, 
large-cell transformation, elevated LDH [ 12 ], 
increased soluble interleukin-2 receptor levels 
[ 13 ], lower percentage of CD8 +  tumor-infi ltrating 
lymphocytes [ 14 ], or T-cell clonality within the 
cutaneous infi ltrate, blood, and/or nodes 
[ 15 – 18 ].  

  Fig. 12.2    Patch ( a ), plaque ( b ), tumor ( c ), and erythroderma ( d ) lesions       
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    Treatment and Management: Early 
Stage Case 1 

  For the patient ’ s stage IA MF ,  a defi nitive radia-
tion treatment approach was offered. The radia-
tion treatment plan targeted the visible sole 
plaque of the skin of the chin plus a margin for 
penumbra and setup error  ( 1.5 cm beyond all vis-
ible and palpable abnormality ),  using local 
appositional electrons to a total dose of 20 Gy in 
10 fractions. With the consideration of decreas-
ing toxicity to normal tissue and with the under-
standing that repeated courses of radiotherapy 
might be likely in the future ,  the lowest possible 
electron energy directed at only the involved site 
was chosen. Appositional 9 MeV electron treat-
ment was adequate to cover the thickness of the 
lesion. Cotton rolls were placed between the lip 
and the gingiva to decrease the electron back-
scatter ,  avoiding excessive toxicity to the mucosa 
(see  Fig .   12.3  ). Patients will often have under-
gone a CT scan during their workup, and this 
imaging can be helpful to determine the thickness 
of the lesion to inform electron energy. Otherwise , 
 for nodules or irregular skin surfaces ,  CT simu-
lation may be helpful for choosing the electron 
energy that ensures adequate depth .

   Presentation of MF with a single cutaneous 
lesion is rare, with most early stage patients, 
though presenting with limited skin surface area 
involvement, still having multiple lesions. The 
treatment strategy for MF depends on whether it 
is early vs. advanced or refractory in presentation 

[ 19 ]. For early disease, fi rst-line treatment strat-
egy is based on sequential skin-directed thera-
pies, including RT, with the goal of providing the 
most durable response, with the least toxicity. As 
the disease becomes increasingly refractory, sys-
temic, targeted, or combined therapies are 
second- line considerations, though RT remains 
an option. 

 For patients with disease limited to the skin, the 
skin-directed therapies including corticosteroids, 
mechlorethamine (nitrogen mustard), carmustine 
(BCNU), bexarotene gel (rexinoids), psoralen plus 
ultraviolet A (PUVA), ultraviolet B (UVB), and 
either localized or total skin electron radiotherapy 
all render high rates of control, particularly in 
patients presenting with localized uni-lesional MF 
or <10 % BSA involvement [ 20 – 22 ]. Long-term 
disease-free survival still ranges from 30 to 50 % 
in prior studies of these patients. Patients with 
more extensive cutaneous involvement still typi-
cally achieve initial control with these therapies, 
but long-term cure is unlikely [ 23 ,  24 ].  

    Radiation Field, Dose, and Technique: 
Early Stage Case 1 

 Radiation remains a highly effective treatment for 
MF, though determining the optimal dose is chal-
lenging [ 25 ]. The dose response with RT was well 
documented both for local RT and total skin elec-
tron beam therapy (TSEBT), and as a result, histori-
cally, RT doses >30 Gy were considered standard. 
More recently, the high rates of effective cutaneous 
control for lower doses has been increasingly appre-
ciated, as high as 88 % overall response rate in a 
series of patients treated with 12 Gy TSEBT with 
mild and reversible toxicities [ 26 ,  27 ]. Accordingly, 
there is increasing  consensus that the incremental 
local control benefi t of higher RT doses may not 
outweigh the concomitant incremental toxicity—
with a consequent shift toward low-dose RT as a 
standard approach. The International Lymphoma 
Radiation Oncology Group (ILROG) consensus 
fi eld and dose guidelines consider local RT doses 
ranging from 6 Gy to >30 Gy as acceptable, with an 
emphasis on recommending lower doses for pallia-
tion and doses from 20 to 24 Gy for uni- lesional 

  Fig. 12.3    Cotton roll between the lip and gingiva dis-
places the lip and decreases the electron backscatter, in 
order to decrease risk of treatment-associated radiation 
mucositis       
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MF. The recommended target for treatment is the 
lesion plus 1.0–2.0 cm margin for local palliation 
and the entire skin for TSEBT, using electron tech-
nique (customarily 6–9 MeV with bolus for patch, 
and higher energies for thicker plaques or tumors 
and exophytic lesions) [ 28 ].  

    Posttreatment Considerations: Early 
Stage Case 1 

  The early stage MF patient developed mild ery-
thema and dry skin with RT ,  completely resolved at 
4 - week follow - up. At the last follow - up ,  20 months 
after treatment ,  the lesion remained in complete 
remission ( Fig .   12.4  ). Unfortunately ,  the patient 
developed another similar small lesion on the left 
arm ,  which was biopsy-proven MF. This lesion is 
currently well controlled with topical corticoste-
roids only. Typical follow - up visits every 3–6 months 
include a history and physical examination includ-
ing comprehensive skin examination ,  blood work  
( including a CBC and LDH ),  swab and culture of 
any lesions concerning for infection / colonization , 
 and repeat imaging only as needed .

       Clinical Case 2: Patient Presenting 
with Stage I, Tumorous Lesion 

  A healthy 52-year - old female hairdresser noted 
an itchy lesion over the left ear. She managed it 
for months using topical steroids. However ,  the 
lesion kept growing ,  eventually forming a tumor 

(see  Fig .   12.5  ). After 18 months ,  biopsy con-
fi rmed MF. Careful skin examination showed 
another lesion in close proximity on the left ear , 
 as well as one on the back of the neck measuring 
1.5 × 2 cm. Staging workup showed no evidence 
of disease in the marrow ,  nodes ,  or internally. 
The patient was referred to receive defi nitive 
radiation therapy. The patient was simulated 
with an open neck position ,  with the area to be 
targeted clinically traced with radioopaque 
wires. The treatment was planned using a single 
appositional electron fi eld with 6 MeV electrons , 
 and in an effort to avoid the parotid gland ,  skin 
collimation was applied (see  Fig .   12.6  ). To over-
come the irregularity of the skin ,  a tissue- 
equivalent material was used to compensate for 
the gaps and form a uniform surface. A 1 cm 
tissue- equivalent bolus was placed over the 
lesion to ensure that 100  %  of the dose would 
reach the surface (see  Fig .   12.7  ). A total dose of 
12 Gy in six treatments was delivered. The patient 
was discharged with moisturizers to apply to the 
treated area. A picture of the lesion was taken 
almost on a weekly basis until complete disap-
pearance of the lesion on week 12 (see  Fig .   12.8  ) .

       The patient did well for a year before she pre-
sented with another lesion over the face that was 
again treated with radiation. Today almost 18 
months after treating her ear ,  the later site is still 
well controlled. This case is a good example of 
how lowering the dose can still offer a durable 
local control . 

  Fig. 12.4    MF lesion at 8 weeks follow-up, demonstrat-
ing an excellent clinical response       

  Fig. 12.5    Left ear lesion forming an ulcerative tumor. 
Another lesion is seen in front of the tragus       
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 A key caution is to allow lesions to heal, even 
if healing appears slow, sometimes taking several 
months. As long as a continuous improvement is 
seen, we recommend continued observation. 
Patients not infrequently demonstrate a natural 
history consisting of local lesions only that 
respond very well to either topical treatment or 
low-dose radiation. Especially for such patients, 
the treatment strategy should avoid unnecessary 
radiation to surrounding critical organs, for 
instance in this case the parotid gland.   

    Advanced Stage MF 

    Clinical Presentation: Advanced 
Stage Case 3 

  A 60 - year - old Caucasian woman presented with 
a 5 - year history of progressive pruritic rash , 
 originally thought to be psoriasis ,  but was even-
tually biopsy-proven MF. On initial presentation 
BSA patch was 22  %,  plaque 0  %,  tumor 4.5  %, 
 and mSWAT 40. Tumors were present on the 

  Fig. 12.6    Isodose lines encompassing the target ( left ); skin collimation placement and light fi eld ( green ) surrounding 
the skin collimation ( red ) (middle photo); skin collimation blocking dose to the parotid gland ( right )       

  Fig. 12.7    Daily setup with bolus ( yellow ), tissue equivalent ( pink ), and the skin collimation to protect the surrounding 
organs including the parotid       

  Fig. 12.8    Lesion prior to radiation (far  right ) and the progression of the response until the last one on week 12 ( left ) 
with complete disappearance       
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arms ,  legs ,  and buttocks ,  with weeping ,  ulcer-
ated lesions over the arms and feet; see example 
photos in  Fig .   12.9 .  The patient had a palpable 
right inguinal lymph node. A staging PET - CT  
(Fig .   12.10 )  demonstrated extensive cutaneous 
hypermetabolism consistent with the clinically 
noted skin lesions. There were several hypermet-
abolic right inguinal lymph nodes ,  the largest 
measuring 2.8 cm with SUV 3.9. Peripheral fl ow 
studies were negative ,  ruling out SS. Baseline 
LDH was within normal limits .

        Pathology: Advanced Stage Case 

  The skin biopsy demonstrated a dense dermal 
atypical lymphocytic infi ltrate. Many of the 
cells were large with vesicular nuclei ,  irregu-
lar nuclear contours and prominent nucleoli , 
 consistent with large-cell transformation. 
Immunohistochemical studies demonstrated 
CD3 +  and CD4 +  T cells with CD4 / CD8 ratio  
> 10 : 1. Approximately 10  %  of lymphocytes 
expressed CD30 +  in a 2 +  membranous pat-
tern. The patient also received a biopsy of the 
concerning inguinal lymph node ,  which dem-
onstrated involvement with MF. Therefore ,  the 
patient was Stage IVA . 

 Large-cell transformation can occur, in up to 
39 % of patients. Transformation is associated 
with higher stage, potentially more aggressive 
behavior, and CD30+ in 30 % and CD20+ in 45 % 

of cases [ 29 ,  30 ]. In advanced disease, MF can 
involve the lymph nodes, blood, bone marrow, 
and visceral organs. Sézary syndrome (SS) is 
characterized by erythroderma plus malignant 
circulating T cells (as determined by absolute 
Sézary cell count, fl ow, or polymerase chain 
reaction) [ 31 ].  

    Staging and Prognostic Factors: 
Advanced Stage Case 

 Particularly for advanced stage patients, 15 % 
have lymph node involvement at diagnosis, and 
size ≥1.5 cm is considered clinically abnormal 
[ 32 ,  33 ]. Visceral involvement, including involve-
ment of the lungs, central nervous system, oral 
cavity, and oropharynx, is rarer and co-segregates 
with advanced skin involvement, nodal disease, 
and blood involvement [ 32 ,  34 ]. The frequency 
of bone marrow involvement ranges between 6 
and 28 % of patients in prior studies [ 7 ,  8 ]. 

 MF can progress to an erythrodermic stage 
and SS, or SS can arise independently. Patients 
can clinically present with diffuse edema and 
tumorous involvement of the face (leonine 
facies), and severe fi ssures of the palms and 
soles, accompanied by symptoms of intense pru-
ritus and pain. In a retrospective study of 1502 
patients, one of the largest cohorts assembled 
for MF, advanced T, N, M, and B stages were 
all independent predictors of worse survival, as 

  Fig. 12.9    Lesions over the arms and buttocks       
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were older age and male sex. Large-cell transfor-
mation and tumor distribution were independent 
predictors of disease progression [ 35 ]. Another 
cohort study of 1275 patients stage IIB to IV 
risk stratifi ed patients into low, intermediate, 

and high risk for mortality based on a prognostic 
index combining Stage IV, age >60 years, large-
cell transformation, and increased LDH. Five-
year survival for high-risk patients was 28 % in 
this analysis [ 36 ]. A similar prognostic index, 
the cutaneous lymphoma international prognos-
tic index (CLIPi) for MF and SS demonstrated 
validating fi ndings [ 37 ].  

    Treatment and Management: 
Advanced Stage Case 

  The patient in case 3 demonstrated a progres-
sively refractory course. After failing topical 
therapies ,  he was started on gemcitabine ,  which 
he received for four cycles. He achieved a partial 
response but was unable to tolerate further ther-
apy due to the associated nausea and fatigue. For 
treatment of this advanced stage case patient , 
 oral bexarotene and topical nitrogen mustard 
treatment were then attempted ,  unfortunately 
with frank progression of plaques and tumors 
with total BSA 39.5  %  and mSWAT 67.7. The 
patient was referred for TSEBT and concomi-
tantly referred for workup anticipating alloge-
neic stem cell transplant . 

 Systemic chemotherapy is used in refractory 
disease, though with variable response rates and 
unfortunately less durable response for advanced 
and relapsed/refractory cases [ 38 ]. Gemcitabine 
treatment was associated with 10 % complete 
response and 70 % overall response rates in a 
prior study [ 39 ]. Other considerations include 
vorinostat and romidepsin, which are histone 
deacetylase (HDAC) inhibitors. A durable 
response can be achieved in a subset of patients, 
even lasting years in prior studies [ 40 ,  41 ]. 
Development of targeted therapies continues to 
be on the horizon for long-term management of 
MF, especially for the challenging case of 
advanced and refractory disease.  

    Radiation Field, Dose, and Technique: 
Advanced Stage Case 3 

 The ILROG guidelines accept a wide range of 
doses for TSEBT to be acceptable, from 8 to 
36 Gy [ 28 ]. After TSEBT, patients with early stage 

  Fig. 12.10    PET/CT images of Case 1 showing lymph 
nodes in the neck, axillae, and groins       
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disease can achieve as high as 90 % 5-year relapse-
free survival, while only 30–50 % of patients with 
advanced disease remain without disease at 5 
years. TSEBT targets the epidermis (varying from 
0.05 to 0.5 mm thick, thickest in distal extremities) 
and dermis (varying from 2 to 4 mm, thickest in 
hands and feet) [ 26 ]. According to EORTC 
TSEBT consensus guidelines, the 80 % isodose 
line should be ≥4 mm deep. This technique places 
the dose maximum at 1 mm, the 80 % isodose line 
at 6 mm, and the 20 % isodose line at 12 mm [ 42 ], 
thus satisfying the EORTC criteria for TSEBT 
[ 43 ]. Photon contamination due to bremsstrahlung 
scattering in the machine head, intervening air, 
scatterers or degraders, and patient, is acceptable 
at 1.2 % [ 42 ]. Using six treatment positions shifts, 
the isodose curves toward the skin surface due to 
the obliquity of the incident electrons. 

  Overall approach     At our institution, we use a 
modern linear accelerator using the dual-fi eld, six 
treatment position technique: The machine deliv-
ers a 9 MeV beam to the patient standing 3 m 
from the electron source, behind a Lucite plate 
for x-ray attenuation. Effective energy at the skin 
is approximately 5 MeV. The gantry angle is set 
at 113 and 67° to produce dual fi elds (upper and 
lower fi elds). There are a total of six treatment 
positions, each treated with the upper and lower 
fi elds: anteroposterior (AP), posteroanterior 
(PA), right and left anterior oblique (RAO, LAO), 
and right and left posterior oblique (RPO, LPO) 
(Fig.  12.11 ). The purpose of multiple positions is 
to “unfold” the skin creases, to expose the “shad-
owed” areas as much as possible and improve 
 lateral  dose homogeneity. The upper and lower 
fi elds improve dose homogeneity in the  vertical  

  Fig. 12.11    Total skin electron beam treatment positions       
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dimension. At our institution, a patient typically 
cycles twice for each fi eld in a single week 
(2 Gy × 2 fractions for a total of 4 Gy delivered to 
the total skin each week). Therefore, a 12 Gy 
treatment course is typically completed in 3 
weeks, while a 32 Gy treatment course would last 
8 weeks. We standardly do not exceed 2 Gy per 
fraction due to concern for excess toxicity [ 44 ].

    To date, the conventional wisdom has pre-
ferred high-dose regimens (>30 Gy) for patients 
with extensive disease, higher stage, or erythro-
derma. Figure  12.12  shows an example of 
advanced cases where a dose of >30 Gy is typi-
cally used.

   More recent evidence, however, including a 
pooled analysis from three Phase II clinical trials 
of a low-dose 12 Gy course in patients with stage 
IB to IIIA MF, underscored the effectiveness of 
this regimen for inducing partial to complete 
responses and also highlighted the benefi ts of 
shorter time on treatment, lower acute and 
chronic toxicities, and preservation of the option 
for repeat palliative skin treatment over time for 
an inevitably relapsing disease as well as the 
option for consolidative treatment doses in the 
setting of anticipated stem cell transplant [ 27 ]. In 
this study, only 11 patients had higher than stage 
IB disease, even after combining all data from 
three clinical trials, still leaving open the ques-
tion of effectiveness of low-dose TSEBT in 
patients with worse prognostic factors or more 
extensive disease. Therefore, with a lack of clear 
comparative and guiding data, recent ILROG 
guidelines still supported the use of higher-dose 
TSEBT for such patients. 

 To challenge this conventional wisdom, how-
ever, we conducted a single-institution study 
using direct retrospective comparison of low 
(12 Gy) vs. conventional (≥12 Gy); the vast 
majority received (≥30 Gy) dose TSEBT in a 
heterogeneous group of 90 histologically con-
fi rmed MF patients (without Sézary). Patients 
with good prognostic factors achieved expected 
excellent partial to complete response rates 
assessed by mSWAT (73 % for 12 Gy vs. 83 % 
for ≥12 Gy TSEBT). In contrast, the direct com-
parison of effectiveness of low vs. conventional 
dose TSEBT in patients with poor prognostic 

factors demonstrated response rates of 30 % for 
12 Gy vs. 36 % for ≥12 Gy, with no statistically 
signifi cant difference in response between these 
two groups (unpublished data). Our direct com-
parative results yield several insights. First, 
unfortunately, the absolute response rate for 
patients with poor prognostic factors is low. This 
group with low responses may be the group of 
patients in whom the development and applica-
tion of effi cacious novel therapies may be most 
pressing, for example, stem cell transplant. 
However, secondly, the response rate in such 
patients is low regardless of TSEBT dose escala-
tion. Therefore, with no perceptible benefi t with 
dose escalation in these patients, our results sug-
gest a new paradigm of applying low-dose 

  Fig. 12.12    Advanced disease where >12 Gy TSEBT is 
considered, either in the setting of anticipated transplant 
or non-transplant candidate refractory to multiple lines of 
therapy       
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TSEBT as the standard dose, and only high-dose 
TSEBT sparingly for the select circumstance of 
persistently refractory disease without additional 
nonexperimental systemic treatment options, 
including patients whose disease course has ren-
dered transplant as the fi nal available treatment 
option. 

  Boosts     Electron boost fi elds target underdosed 
areas. Typically underdosed areas include the 
shoulders (Fig.  12.13 ), axillae, inframammary 
folds, pannus, medial thighs, perineum, and peri-
anal area, but the patient’s individual body habi-
tus must be considered. The vertex scalp may 
be underdosed, but we typically deliver boosts 
to scalp only if there is active MF involvement, 
in order to decrease the risk of permanent alo-
pecia. In vivo dosimetry is critically important, 
along with clinical assessment and suspicion, to 
determine the boost fi elds and ensure surfaces 
receive at least 50 % of the prescribed TSEBT 
dose [ 45 ,  46 ].

     Shielding     Hands, feet, and areas of the perineum 
tend to be at risk for overdosing, typically from 
overlap of fi elds or tissue heterogeneity from the 
anatomy of these areas [ 26 ]. These regions may 
require lead shielding for a part of the treatment 
cycles, especially for total doses beyond 24 Gy. 
Eyes are also customarily shielded with lead eye 
shields [ 47 ].  

  Toxicity     Skin toxicity is common, though with 
low-dose regimens, rarely severe. Patients will 
experience pruritus, dry desquamation, erythema, 
alopecia, xerosis, and especially with higher 
doses, bullae and edema of the hands and feet 
(Fig.  12.14 ), hypohidrosis (diminished perspira-
tion) [ 48 ], and loss of fi ngernails and toenails 
[ 43 ,  49 ]. Side effect management should priori-
tize symptom relief and avoiding infection. 
Emollients, topical antibiotics, oral or intrave-
nous antibiotics as needed, whirlpool, and anal-
gesic management are critical for symptom 
management and helping patients complete the 
intended course. Treatment breaks may be 
required to manage these complications. 
Common sources of infection include 
 Staphylococcus aureus , β-hemolytic strepto-
cocci, and cutaneous herpes simplex or herpes 
zoster [ 50 ].  Pseudomonas aeruginosa  cellulitis 
can also develop, and in patients with open ulcers, 
bacteremia and sepsis can be a life-threatening 
complication with treatment. Also infections can 

  Fig. 12.13    Showing the boost drawing on the shoulder 
of a patient       

  Fig. 12.14    Showing blisters that can develop in the feet 
when treating patients to a defi nitive dose of total skin 
electron beam, typically TSEBT >28 Gy, although the feet 
cannot take more than 16 Gy even if given over 6 weeks       
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present with lesions that mimic the disease. 
Therefore it is essential to treat with antibiotics 
when infection is at all suspected, a particularly 
important point to save the patient unnecessary 
treatment intensifi cation of disease that appeared 
to be progressing. The most concerning long- 
term toxicity is skin fi brosis with high doses or 
repeated treatment courses, which can ultimately 
threaten function and circulation, especially in 
extremities and in patients with underlying 
comorbidities such as vasculopathy [ 51 ].

        Posttreatment Considerations: 
Advanced Stage Case 3 

  The patient achieved complete clinical response , 
 including disappearance of the lymph nodes on a 
follow-up PET / CT. This is commonly seen after 
treatment of the skin even of the lymph nodes has 
been proven to harbor disease. The patient ’ s 
complete remission lasted only for 8 months , 
 before she presented with new ulcerated lesions 
over the bilateral legs. Further treatment was ini-
tiated using brentuximab ,  but the ulcerated 
tumors continued to progress along with the 
appearance of new skin lesions. Targeted therapy 
remains a viable area of ongoing development in 
MF treatment. In recent studies of MF patients 
with variable CD30 expression levels ,  50 – 70  % 
 of patients treated with brentuximab demon-
strated response ,  with peripheral neuropathy as 
the most common toxicity  [ 52 ,  53 ]. 

  The patient in case 3 was then considered for 
allogeneic transplant. It is our institutional prac-
tice to deliver a defi nitive dose of TSEB as a deb-
ulking approach just prior to allogeneic transplant. 
The rationale is based on the fact that allogeneic 
transplant is considered the only curative approach 
available; therefore ,  based on data suggesting that 
doses of 28 – 36 Gy have higher frequency of com-
plete remission ,  we plan radiation treatment to this 
dose with the goal of optimizing debulking of gross 
cutaneous disease before transplant and the intent 
of optimizing cure rates. The patient received 
TSEBT to a total dose of 32 Gy delivered over 
8 weeks and went on to receive allogeneic trans-
plant using her sister as a donor. Today ,  16 months 

later ,  she is still in complete remission ,  but with 
skin graft-versus- host disease (GVHD) that is 
being managed accordingly . 

 Evidence supporting the role of allogeneic stem 
cell transplant in treatment refractory MF contin-
ues to evolve. While autologous transplant does 
not appear to render durable response [ 54 – 56 ], 
allogeneic transplant with myeloablative or non-
myeloablative conditioning regimens suggests 
improved and prolonged disease-free survival 
intervals, highlighting the graft-versus-lymphoma 
effect in producing durable remissions [ 57 – 63 ]. 
One analysis demonstrated 68 % overall response 
and 58 % complete response [ 64 ]. Debulking with 
TSEBT was the standard radiation treatment com-
ponent of the regimen and therefore is now stan-
dardly adapted at our institution.  

    Clinical Presentation: Primary 
Cutaneous ALCL Case 

  A 67 - year - old man presented with an enlarging 
and ulcerating tumorlike fungating lesion of the 
right midsole of the foot ,  measuring 5 × 6 cm  
(Fig .   12.15 ).  Biopsy demonstrated a CD30 + 
 T - cell lymphoproliferative disorder ,  composed of 
small ,  intermediate, and large-sized lymphocytic 
cells with irregular nuclear contours ,  indistinct 
to distinct nucleoli, and small to abundant 
amounts of cytoplasm. Cells were CD3 +  and 
CD30 + ( strong ,  90  %)  and negative for ALK - 1. 

  Fig. 12.15    Primary cutaneous anaplastic large-cell lym-
phoma (pcALCL)       
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The papule was not spontaneously remitting. 
Clinical skin examination did not demonstrate 
additional lesions. A staging CT scan did not 
demonstrate any concerning lymphadenopathy 
or visceral involvement .

       Pathology: pcALCL Case 

 The diagnosis of pcALCL is challenging. The pri-
mary involvement of the disease must be restricted 
to the skin, though notably local nodes could be 
involved with extensive involvement. Concurrent 
systemic disease at presentation is not considered 
primary cutaneous. More challenging to distin-
guish is systemic ALCL which arises from lymph 
nodes and invades skin. Involvement can be super-
fi cial and deep, and in fact subcutaneous involve-
ment can be frequent. Conversely, epidermotropism 
is uncommon, and cells rarely express epithelial 
membrane antigen (EMA). Anaplastic cytology is 
present, with the hallmark morphology of large, 
markedly pleomorphic nuclei and abundant cyto-
plasm. The molecular hallmark is uniform, strong 
CD30 expression, which is typically expressed by 
>75 % of large anaplastic cells. Cells demonstrate 
the tendency to invade lymph node sinuses. The 
t(2;5) chromosomal translocation and ALK 
expression are typically absent, unlike in systemic 
ALCL where approximately 70–80 % of cases are 
ALK positive. True pcALCL is rare, making up 
only 1–2 % of ALCL cases, and approximately 
25 % of CTCL [ 65 ] pcALCL exists in a spectrum 
of overlapping primary cutaneous CD30+ lym-
phoproliferative diseases which also includes lym-
phomatoid papulosis (LyP). LyP clinically behaves 
distinctly, with a large portion of cases demon-
strating spontaneous resolution [ 66 ].  

    Staging and Prognostic Factors: 
pcALCL Case 

 The ISCL/EORTC defi nes a unique TNM staging 
system for primary cutaneous lymphomas other 
than mycosis fungoides and Sézary syndrome, 
inclusive of pcALCL. T stage is based on size 
and distribution/involvement of lesions, N based 

on number and region of nodal involvement, and 
M based on extracutaneous involvement [ 67 ]. 
pcALCL is rarely found in patients under the age 
of 20 years and, despite the typically ALK nega-
tive status, follows a generally indolent course 
with a favorable prognosis. This is in contrast to 
systemic ALCL, where prognosis is strongly 
associated with ALK status [ 68 ].  

    Treatment and Management: 
pcALCL Case 

  For this limited disease ,  the patient was treated 
with a local electron fi eld with a 9 MeV apposi-
tional electron beam with 1.5 cm margin to a dose 
of 10 Gy in 5 fractions. A 5 mm bolus applied , 
 given the slight thickness of the nodule. Within 
several fractions ,  an immediate partial response 
was already noted ,  characterized by fl attening 
and softening of the ulcerated area. After 3 months 
of continued follow - up ,  the ulcer underwent slow 
healing by second intention without further inter-
vention ,  returning to  near -  normal skin integrity 
over the long term  (Fig .   12.16 ).

       Radiation Field, Dose, and Technique: 
pcALCL Case 

 ILROG consensus fi eld and dose guidelines are 
still applicable, and thus local RT doses ranging 

  Fig. 12.16    Response to treatment after 10 Gy of radia-
tion, 10 weeks after radiation treatment was completed       
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from 6 Gy to >30 Gy are largely acceptable. 
Unlike MF, however, the optimal treatment dose 
has not yet been well established. pcALCL is 
extremely responsive to local RT, and therefore RT 
is considered a treatment of choice in this disease. 
Though the disease is rare and reported series have 
small sample sizes, prior evidence suggests a 
response rate to local RT of 97–100 % and com-
plete response rate greater than 80 %. Ultimately, 
the disease follows a relapsing course, with long-
term relapse-free survival 50% or less. Nonetheless 
the overall disease course is still indolent, with 
long-term cancer-specifi c survival higher than 
80–90 % in prior reports [ 66 ,  69 – 71 ]. In a more 
recent single-institution case series, RT doses still 
exceeded 30 Gy [ 72 ]. Little data are available on 
low-dose RT due to the rarity of this disease, and 
the question of the effectiveness of lower doses is 
a pressing one for patients with pcALCL. Like 
patients with MF, pcALCL patients can expect 
multiple cutaneous relapses over time and may 
require repeated RT courses, highlighting the need 
to defi ne the minimum doses needed to achieve 
comparable control as historical series.  

    Posttreatment Considerations: 
pcALCL Case 

  The patient demonstrated durable local response 
at 3 - year follow - up. Moreover ,  he was alive with-
out evidence of any further disease. This patient ’ s 
excellent response to lower - dose radiation 
emphasizes the possibility that low - dose RT may 
also be considered for this indolent CTCL ,  like 
MF . Minimizing the intensity, duration, and tox-
icity of RT may be an appealing treatment para-
digm for this indolent, but invariably chronic 
disease that could require multiple RT courses 
over time. More data are needed to establish the 
optimal dose for this disease. 

   Conclusions 

 Radiation treatment is an essential component 
of CTCL treatment. For MF, the most com-
monly seen CTCL, both local electron and 
total skin treatments, is effective. Outcome 
evidence supports a shift in treatment pattern 

toward lower- dose RT, taking into consider-
ation the anticipated long-term toxicity and 
need for repeated treatment courses over the 
chronic course of this disease. Along with RT, 
skin-directed and systemic and targeted thera-
pies are essential components of treatment. 
pcALCL is a much rarer CTCL, which fol-
lows an indolent course and demonstrates 
very high response to RT, which can be a 
defi nitive treatment for this CTCL subtype.       
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