
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Optimizing treatment of patients with Hodgkin's lymphoma

Aleman, B.M.P.

Publication date
2007
Document Version
Final published version

Link to publication

Citation for published version (APA):
Aleman, B. M. P. (2007). Optimizing treatment of patients with Hodgkin's lymphoma. [Thesis,
fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/optimizing-treatment-of-patients-with-hodgkins-lymphoma(e459d1fa-d737-4b90-8e6d-f9f40f1771f7).html


Optimizing treatment of patients 
with Hodgkin’s lymphoma



The work presented in this thesis was financially supported by the Ank van Vlissingen

Foundation (the Netherlands) and the Dutch Cancer Society (grant NKI 98-1833 and 

NKI 04-3068).

Optimizing treatment of patients with Hodgkin’s lymphoma

Berthe Mauricia Pauline Aleman

Photograph cover: Verena C. Six

Coverdesign and lay-out: Chris Bor, Medische Fotografie en Illustratie, AMC Amsterdam

Printed by:  Buijten & Schipperheijn

ISBN-10:   90-9021501-8

ISBN-13:   978-90-9021501-3

De mens is harder dan steen, sterker dan ijzer en breekbaarder dan een roos.

Berthe Aleman
Text Box

Berthe Aleman
Text Box
No part of this publication may be reproduced without prior permission of the author.   

Berthe Aleman
Text Box
  

Berthe Aleman
Text Box
  



Optimizing treatment of patients 
with Hodgkin’s lymphoma

ACADEMISCH PROEFSCHRIFT

ter verkrijging van de graad van doctor

aan de Universiteit van Amsterdam

op gezag van de Rector Magnificus

prof. mr. P.F. van der Heijden

ten overstaan van een 

door het college voor promoties ingestelde commissie,

in het openbaar te verdedigen in de Aula der Universiteit

op donderdag 22 februari 2007, te 10.00 uur

door 

Berthe Mauricia Pauline Aleman

geboren te Rotterdam



Promotie commissie:

Promotores: Prof. dr. G.M.M. Bartelink

   Prof. dr. F.E. van Leeuwen

Co-promotores: Dr. M. Henry-Amar 

   Dr. J.M.M. Raemaekers

Overige leden: Prof. dr. V. Diehl

   Prof. dr. J.C. Kluin-Nelemans

   Prof. dr. C.C.E. Koning

   Prof. dr. M.H.J. van Oers

   Prof. dr. S. Rodenhuis

Faculteit der Geneeskunde



Voor mijn ouders





Contents

Chapter 1. Introduction

Chapter 2. Involved-field radiotherapy for advanced Hodgkin’s lymphoma

Chapter 3. Involved-field radiotherapy for patients in partial remission after 

chemotherapy for advanced Hodgkin’s Lymphoma

Chapter 4. Quality control of involved-field radiotherapy in patients with 

advanced Hodgkin’s lymphoma (EORTC 20884)

Chapter 5. Long-term cause-specific mortality of patients treated for Hodgkin’s 

disease

Chapter 6. Late cardiotoxicity after treatment for Hodgkin’s lymphoma

Chapter 7. Discussion

Chapter 8. Summary

Chapter 9. Nederlandse samenvatting 

Chapter 10. Dankwoord

Chapter 11. Curriculum vitae

9

43

61

83

95

113

133

153

159

171

175





C  h  a  p  t  e  r

1
Introduction





Introduction

Treatment results for patients with Hodgkin’s lymphoma have improved dramatically over 

the last decades. In general, between approximately 1960 and 1990 treatment was aimed 

at improving survival rates through intensification of treatment, as before this period most 

patients died from the disease. In the 1980s and 1990s, with higher survival rates for the 

majority of patients, the long-term toxicity of treatment became recognized. Improved 

knowledge about prognostic factors and long-term treatment effects will affect the choice 

of treatment and intensity of treatment for individual patients.

Treatment of Hodgkin’s lymphoma

General
When Thomas Hodgkin first described Hodgkin’s disease (nowadays Hodgkin’s lymphoma 

according to the WHO classification1) in 1832, it was an incurable disease. After the introduc-

tion of local radiotherapy using orthovoltage radiation in the 1950s the first responses were 

seen and a small number of cases was cured.2,3 However, relapses often occurred just at the 

borders of irradiation fields of the involved lymph nodes.4 Increased knowledge about the 

spread of disease, the development of techniques to irradiate larger areas and areas located 

deeper in the body using Cobalt machines and linear accelerators, and the introduction of 

chemotherapy significantly increased the chances of cure for patients with Hodgkin’s lym-

phoma.3 Since it was “highly desirable to treat multiple lymph node chains in continuity with 

as few fields as possible” (Kaplan, 1962) lymph nodes above the diaphragm were preferably 

treated using a “mantle” field and the lymph nodes below the diaphragm with an “inverted-

Y” field (Figure 1). Based upon these findings and the introduction of chemotherapy, the 

European Organization for Research and Treatment of Cancer (EORTC) started a systematic 

search for the optimal treatment for lymphoma patients.

Figure 1. Classical radiation fields for adults 
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Early stage Hodgkin’s lymphoma – the EORTC Lymphoma Group experience
The EORTC Lymphoma Group has a long tradition of studying different treatment options for 

patients with Hodgkin’s lymphoma. Since 1964, in a series of trials, prognostic factors have 

been developed and treatment intensity has been studied to improve early and late outcome 

of disease. Results of these series in terms of event-free and overall survival are represented 

in table 1 and figure 2. 

The first randomized trial performed by the EORTC (H1) evaluated the effect of maintenance 

vinblastine for two years in addition to regional radiotherapy (mantle field in case of supra-

diaphragmatic disease and inverted-Y for subdiaphragmatic stage I/II disease). Although the 

15-year disease-free survival was significantly better for the maintenance arm as compared 

to the radiotherapy only arm (60% and 38% respectively) there were no differences in 15-

year overall survival rates (65% and 58% respectively).5 Others also examined the value of 

maintenance therapy using nitrosureas (BCNU), but could not show a beneficial effect of 

maintenance therapy either.6 

In H1 a high number of relapses in the para-aortic nodes was observed in patients who 

received supradiaphragmatic radiotherapy only. This observation led to the H2 trial (1972-

1976) examining the value of staging laparotomy in patients with Hodgkin’s lymphoma 

clinical stage I or II. Patients were randomized to receive either staging laparotomy, including 

splenectomy, followed by mantle field or para-aortic radiotherapy and mantle field radio-

therapy, para-aortic radiotherapy and spleen radiotherapy without staging laparotomy. 

There were no differences in disease-free and overall survival between the laparotomy and 

the no-laparotomy groups of patients. The prognostic significance of the laparotomy findings 

was most evident in patients with otherwise favorable pretreatment characteristics: those 

with a positive laparotomy had a significantly increased risk of relapse indicating the need 

for more aggressive therapy. In those with a more adverse pretreatment profile, the findings 

of laparotomy did not add to the estimation of the risk of relapse. The H2 trial showed that 

staging laparotomy could be omitted in certain subsets of patients, provided STNI is given 

instead of mantle field only.7

Figure 2. Event-free survival and 
overall survival in 6 consecutive 
EORTC trials including patients with 
early stage Hodgkin’s lymphoma
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Significantly higher disease-free and overall survivals were observed in H2 as compared to in 

H1; this effect was contributed to more extensive radiation.

In the 1960s combination chemotherapy was developed for the treatment of Hodgkin’s 

lymphoma. The first truly effective schedule consisted of mechlorethamine, vincristine, pro-

carbazine and prednisone (MOPP) leading to an 84% complete response rate.8

In the EORTC Lymphoma Group trials prognostic factors were identified based on the results 

of H1 and H2. These prognostic factors were used to intensify treatment in patients with 

unfavorable prognostic factors and to decrease intensity of treatment in those with favor-

able characteristics in subsequent trials. In the H5 (1977-1982) patients with the favorable 

characteristics (age ≤40 years and erythrocyte sedimentation rate (ESR) ≤70 mm/hour and 

clinical stage (CS) I or II without mediastinal involvement and lymphocyte predominant or 

nodular sclerosing histology) underwent staging laparotomy. Those with a negative laparoto-

my were randomized between either mantle field RT only or mantle field plus para-aortic RT 

(H5Favorable: H5F). The disease-free and overall survival rates were not significantly different 

between the treatment arms. Those with positive laparotomy, and therefore with advanced 

disease, were included in the patient group with unfavorable characteristics. Because of the 

good results of both radiotherapy and chemotherapy in patients with Hodgkin’s lymphoma, 

combinations of these treatment modalities were introduced for the unfavorable group. 

Thus, in the H5Unfavorable (H5U), including patients with early stage Hodgkin’s lymphoma 

with unfavorable characteristics, patients were randomized between total nodal irradiation 

(TNI) and combined modality treatment consisting of three cycles of MOPP followed by 

mantle field radiotherapy and after that another three cycles of MOPP. The 9-year disease-

free survival after combined modality was significantly better than after radiotherapy alone 

(83% versus 66%; P<0.001). The 9-year overall survival only showed a borderline advantage 

for the combined modality treatment group (88% versus 73%; P=0.06).9,10 In conclusion, as 

compared to H1 and H2, outcome had improved significantly in H5 already, but there were 

still possibilities for further improvement, especially of disease-free survival.

In H6F (1982-1988) the need for staging laparotomy including splenectomy for patients with 

stage I-II supradiaphragmatic Hodgkin’s lymphoma was studied. Patients were randomized to 

clinical staging plus subtotal nodal irradiation (STNI) or to staging laparotomy plus treatment 

adaptation. In case of a negative laparotomy patients received either mantle field radiotherapy 

(in case of lymphocyte-predominant or nodular sclerosing histology) or STNI (in case of mixed 

cellularity or lymphocyte-depleted histology). In case of a positive laparotomy patients received 

combined modality (as in H6U). The 6-year freedom-from-progression rates were with 78% 

and 83%, respectively, similar after clinical and laparotomy staging (P=0.27). Survival rates 

were not significantly different i.e. 93% and 89% after clinical and laparotomy staging. The 

conclusions from H6F were therefore to abandon laparotomy including splenectomy in the 

staging of patients with Hodgkin’s lymphoma and to consider STNI to be the standard therapy 

for patients with stage I or II Hodgkin’s lymphoma with favorable characteristics.11

In the H6U (1982-1988) two combined modality schedules were compared. With the 

increased numbers of long-term survivors of Hodgkin’s lymphoma the late effects, predomi-
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nantly second cancers and cardiovascular toxicity, had been recognized12-19 (see below). A 

strong increase of leukemia risk following chemotherapy was demonstrated, followed by the 

recognition of increased risk of second solid tumors and cardiotoxicity. Many MOPP variants 

had been tested since the mid 1960s to improve response and survival rates and to decrease 

the risk of leukemia and infertility, but without clear benefit for several decades. The devel-

opment of doxorubicin, bleomycin, vinblastine and dacarbazine (ABVD), however, was an 

important improvement.20,21 In H6U patients were randomized to MOPP and mantle field 

radiotherapy or ABVD and mantle field irradiation. The ABVD arm had a superior outcome as 

to freedom from progression (6-year freedom from progression rate, 88% v 76%; P = 0.01), 

but there were no significant differences for survival (91% v 85%; P = 0.22).11

As a consequence, the trials performed by the EORTC Lymphoma Group in the late 1980s 

and 1990s aimed at reducing treatment toxicity without jeopardizing cure rates. In the H7 

trials (1988-1993) the value of relatively mild chemotherapy consisting of epirubicin, bleomy-

cin, vinblastine and prednisone (EBVP) was examined. EBVP is a modification of the ABVD 

scheme and expected to have lower cardiac toxicity of epirubicin compared to doxorubicin, 

less nausea and vomiting (replacement of dacarbazine by prednisone) and good tolerance 

and compliance (with only one injection every three weeks, 6 cycles given in 4.5 months).22

In the H7F trial six cycles of EBVP followed by involved-field radiotherapy was compared to 

STNI (n=333). After a median follow-up time of 9 years, the 10-year event-free survival rates 

were with 88% versus 78% significantly better in the EBVP arm as compared to the STNI arm 

(P=0.01); 10-year overall survival rates were not significantly different (P=0.8) with 92% and 

92% after EBVP plus IFRT and STNI, respectively. In the H7U trial six cycles of EBVP followed by 

involved-field radiotherapy was compared to six cycles of mechlorethamine, vincristine, procar-

bazine, prednisone-doxorubicin, bleomycin, vinblastine (MOPP-ABV) followed by involved-field 

radiotherapy (n=389). The 10-year event-free survival rate was significantly higher in the MOPP-

ABV arm (88%), as compared to the EBVP arm (68%) (P<0.001) leading to 10-year overall 

survival rates of 87% and 79% respectively (P=0.02)23 (Table 1). In conclusion, in favorable 

patients the combination of EBVP and IFRT was superior to STNI, the former standard treat-

ment. In unfavorable patients, EBVP was significantly less effective than MOPP-ABV. EBVP was 

no longer used in patients with early unfavorable disease Hodgkin’s lymphoma.

As in the H7 trials, the objective of the H8 trials, performed by the EORTC Lymphoma Group 

in cooperation with the Groupe d’Etudes de Lymphomes de L’Adulte (GELA), was to reduce 

the risk of late effects as much as possible, while maintaining the excellent event free survival 

rates. In H8F (1993-1998) STNI was compared to three MOPP-ABV followed by involved-field 

radiotherapy. In H8U the standard six cycles of MOPP-ABV with involved-field radiotherapy 

were compared to four cycles of MOPP-ABV with involved-field radiotherapy and to four 

cycles of MOPP-ABV with STNI. In the favorable patients the results of combined modality 

were comparable to those of H7F; after a median follow-up of four years event-free survival 

after combined modality treatment was with 99% significantly better than after STNI with 

77% (P<0.0001). In the H8U there were no differences between the three treatment arms.24 

(Table 1) and therefore the least toxic arm i.e. four cycles of MOPP-ABV with involved-field 
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radiotherapy was considered the new standard treatment for patients with early stage Hodg-

kin’s lymphoma with unfavorable characteristics.

Apart from favorable and unfavorable patients in H7 and H8, very favorable patients were 

also discriminated (H7VF and H8VF). Very favorable patients were females, below the age of 

40 years, with favorable histology, Ann Arbor stage I, only one involved nodal site, a medi-

astinum-thorax ratio below 0.35, an erythrocyte sedimentation rate < 50 mm/hour and no 

B-symptoms. These patients with very favorable characteristics (VF) were treated with mantle 

field radiotherapy only. Unfortunately, the treatment results were not as good as expected; 

the event-free survival in H7VF was only 68% after a median follow-up of six years and in H8-

VF 81% after a median follow-up of four years. Apparently salvage therapy was still effective 

as overall survival rates were 97% and 100% for H7VF and H8VF, respectively. From H7-VF 

and H8VF the EORTC Lymphoma Group concluded that patients with very favorable charac-

teristics should be included in the group of patients with favorable characteristics.

The H9 EORTC/GELA trials were recently closed; results are only available in abstracts.25 The 

purpose of H9F was to examine the role of radiotherapy in patients in complete remission (CR) 

or complete remission unconfirmed (CRu) after 6 cycles of EBVP; patients in CR or CRu were 

randomized to receive 36 Gy, 20 Gy or no radiotherapy. In the H9U different chemotherapy 

regimes were tested. Patients were randomized to receive four cycles of ABVD, six cycles 

of ABVD or four cycles of bleomycin, etoposide, adriamycin, cyclophosphamide, vincristin, 

procarbazine and prednisone (BEACOPP) baseline, all followed by involved-field radiotherapy. 

Preliminary results show that omission of involved-field radiotherapy in favorable patients in 

CR/CRu after mild chemotherapy (EBVP) leads to an unacceptable failure rate. Involved-field 

radiotherapy to a dose of 20 Gy however, provides equivalent early results as involved-field 

radiotherapy to a dose of 36 Gy. The preliminary results of the unfavorable patients show no 

differences between the three arm.25 Since the median follow-up at this evaluation was only 

33 months the results have to be interpreted with caution.

Early stage Hodgkin’s lymphoma – general
Results of a large number of trials, including those of the EORTC Lymphoma Group, are 

described in a large meta-analysis by Specht et al. In this meta-analysis, including trials 

entering patients between 1964 and 1988, the effects of more extensive radiotherapy and 

adjuvant combination chemotherapy on long-term outcome of early-stage Hodgkin’s lym-

phoma were studied.26 More extensive radiotherapy fields or the addition of chemotherapy 

to radiotherapy in the initial treatment of early-stage Hodgkin’s lymphoma had a large effect 

on disease control, but only a small effect on overall survival. Usually recurrences were sal-

vageable by re-treatment with chemotherapy with or without radiotherapy. 

Since the publication of the meta-analysis by Specht et al26, the results of other trials examin-

ing several aspects of radiotherapy in patients with early stage Hodgkin’s lymphoma have 

been published (Table 1). 

The radiation target volume has been studied in one of the studies by the German Hodgkin 

Study Group (GHSG). In this trial (HD 8) extended field radiotherapy following chemotherapy 
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was compared to involved-field radiotherapy following chemotherapy; after a median obser-

vation time of 54 months, extended field radiotherapy did not seem to improve disease 

control.27

In another trial (HD10) the GHSG studied both the number of chemotherapy cycles (ABVD; 

two versus four) and the radiation dose (20 versus 30 Gy) in patients with stage I or II disease 

without unfavorable prognostic factors. Preliminary results presented in an abstract show 

that after a median follow-up of two years the freedom from treatment failure was not sta-

tistically different between four cycles of ABVD versus two cycles of ABVD or between 30 Gy 

involved-field radiotherapy versus 20 Gy involved-field radiotherapy.28 Like for EORTC/GELA 

H9 the follow-up is still very short. Longer follow-up is needed to draw firm conclusions.

The National Cancer Institute of Canada Clinical Trials Group and the Eastern Cooperative 

Group recently published their results on a randomized comparison of ABVD chemotherapy 

with a strategy that includes radiation therapy in patients with limited stage Hodgkin’s lym-

phoma.29 In this trial patients with stage I and IIA disease were randomized between four 

to six cycles of ABVD or a radiation-containing therapy. The radiation-containing therapy 

consisted of subtotal nodal radiation in case of favorable risk factors or combined chemo-

therapy and radiotherapy in case of unfavorable risk factors. After a median follow-up time 

of 4.2 years no difference in overall survival could be detected between patients randomly 

assigned to receive treatment that included radiation therapy or ABVD alone. An analysis 

of the patients stratified to the unfavorable cohort showed a significantly better freedom 

from disease progression after combined modality (95% after combined modality versus 

88% after subtotal nodal irradiation; P=0.004).

In summary, the optimal treatment for patients with early stage Hodgkin’s lymphoma has not 

been established yet. There is consensus about the need for chemotherapy, but the agents to 

be used, the number of cycles and the place of radiotherapy are still being studied.

Advanced stage Hodgkin’s lymphoma – the EORTC Lymphoma 
Group experience 
The EORTC has performed two consecutive trials in patients with advanced Hodgkin’s lym-

phoma (Table 2). 

The first trial by the EORTC Lymphoma Group and the Groupe Pierre-et-Marie-Curie for 

patients with advanced stage Hodgkin’s lymphoma (1981-1988) examined the influence of 

time to remission on clinical outcome in patients with stage IIIB or IV Hodgkin’s lymphoma. 

After two courses of MOPP patients were randomized to receive alternating chemotherapy 

mechlorethamine, vincristine, procarbazine, and prednisone-doxorubicin, bleomycin, vinblas-

tine, and dacarbazine (MOPP-ABVD) or the standard MOPP chemotherapy. Radiotherapy was 

given to areas presenting with masses five cm or more and/or to residual masses after four 

cycles of chemotherapy. The alternating schedule was superior in terms of event-free survival 

and disease-specific survival. Reaching a complete remission after four cycles of MOPP or 

alternating MOPP-ABVD, was an important factor for final remission and might therefore be 

used to select a group of patients with a good prognosis.30
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In the second trial for patients with advanced stage Hodgkin’s lymphoma (E20884; 1989-

2000) the EORTC lymphoma group studied the value of radiotherapy in patients with 

advanced Hodgkin’s lymphoma in complete remission after six to eight cycles of MOPP-ABV 

hybrid chemotherapy. This study is extensively described in this thesis (chapters 2, 3 and 4).

Advanced stage Hodgkin’s lymphoma - general
For patients with advanced disease, systemic therapy has been an important part of the 

treatment for several decades. The use of radiotherapy, both in patients in complete and 

partial remission after chemotherapy has been a matter of debate already for decades.

Loeffler et al performed a meta-analysis of all randomized trials that were performed com-

paring chemotherapy alone versus chemotherapy plus radiotherapy. Data on 1,740 patients 

entered in trials between 1968 and 1988 were analyzed. The trials were divided into two 

groups based on the design of the trial; A) comparisons that were designed to evaluate the 

benefit of additional radiotherapy (RT) after the same chemotherapy (CT) (CT1 v CT1 + RT; 

additional RT design) and B) comparisons that were designed to evaluate whether RT in a 

combined modality setting can be substituted by CT using either more cycles of the same CT 

or regimens that contain additional drugs (CT1 + CT2 v CT1 + RT or CT1 v CT2 + RT; parallel 

RT/CT design). Additional radiotherapy showed an 11% improvement in tumor control rate 

after 10 years (P=0.0001; 95% confidence interval 4-18%), but no difference in overall sur-

vival could be demonstrated (P=0.57). When combined modality treatment was compared 

to chemotherapy alone in the parallel RT/CT design, no difference in tumor control rate 

was demonstrated. Patients treated with a combination of chemotherapy and radiotherapy, 

however, had a significantly inferior long-term survival outcome than those treated with che-

motherapy alone, provided an appropriate number of cycles of chemotherapy was given 

(P=0.045; 8% difference; 95% confidence interval 1-15%).31 It is important to realize that the 

chemotherapy evaluated in this meta-analysis was MOPP or MOPP-like in the vast majority of 

the patients; only 230 patients received anthracycline-containing chemotherapy, nowadays 

considered standard. Furthermore, definitions of radiation target volumes and radiation tech-

niques have been improved.

Since this meta-analysis, however, several papers have been published concerning patients 

with advanced Hodgkin’s lymphoma. Chemotherapy schedules have been modified con-

siderably. The German Hodgkin Study Group has performed a randomized trial comparing 

cyclophosphamide, vincristine, procarbazine, and prednisone alternating with doxorubicin, 

bleomycin, vinblastine, and dacarbazine (COPP-ABVD), BEACOPP and escalated BEACOPP, 

each followed by local radiotherapy when indicated.32 Escalated BEACOPP resulted in better 

tumor control and overall survival than COPP-ABVD.

In addition a selection of -mostly- recently published trials evaluating patients with advanced 

Hodgkin’s lymphoma is summarized in table 2. Of course comparisons between trials must 

be made with caution because the characteristics of patients included in the trials may differ 

and for some trials the overall results are presented whereas for others the results involved 

patients with a certain response to chemotherapy only. Nevertheless the trials using chemo-
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therapy only show slightly lower freedom from treatment failure rates as compared to those 

using a combination of chemotherapy and radiotherapy. The differences in overall survival 

rates between the studies using anthracycline containing chemotherapy schedules are rather 

small. It is important, however, that although salvage therapy may be successful in terms of 

controlling Hodgkin’s lymphoma, long-term complications may be increased after salvage 

therapy (chapters 5,6 and 7).33

In summary, the optimal treatment for patients with advanced stage Hodgkin’s lymphoma 

has not been established yet. There is consensus about the need for chemotherapy, but the 

intensity is still being studied. There is also agreement on refraining from further treatment 

in case of a complete remission after adequate chemotherapy. In case of a partial remission 

after chemotherapy however, the role of radiotherapy is still being debated.

Long-term effects of treatment

General
There is a large spectrum of late effects of treatment for Hodgkin’s lymphoma, including 

decreased fertility, hormonal disturbances, pulmonary toxicity, soft tissue damage, second 

cancers and cardiovascular diseases, leading to considerable morbidity and mortality (Table 

3-5). Mortality data showed that in the first 10 years after treatment for Hodgkin’s lymphoma 

15-30% died, with Hodgkin’s lymphoma being the cause of death in 70-85% of deaths (see 

also chapter 7). Mortality from Hodgkin’s lymphoma, however, is negligible after a follow-up 

of 20 years or more, whereas excess risk of death from second cancers and cardiovascular 

disease continues to increase even after a follow-up of 10-15 years.17 Risks of mortality from 

second cancers and cardiovascular diseases in large cohorts of patients treated for Hodgkin’s 

lymphoma are summarized in table 4 and 5.

Second cancers
After prolonged follow-up, 20- to 70 -fold increased standardized incidence ratios of leu-

kemia and two- to five-fold elevated risks of solid cancers, especially of the breast, lung, 

stomach and thyroid have been observed (Table 3)34-39, leading to absolute excess risks of 

approximately 17 per 10,000 patients per year for leukemia and 30 to 72 per 10,000 patients 

per year for solid tumors (Table 3).34,38,39 Table 4 shows risk of death from second cancers in 

large cohorts of patients treated for Hodgkin’s lymphoma. The highest risks of leukemia are 

observed between five to ten years after treatment34, whereas the increased risks of solid 

tumors remain elevated even after prolonged follow-up.35,37-39 It is important to realize that 

even if standardized incidence ratios remain constant over time, this leads to increasing abso-

lute excess risks, because of higher background cancer incidence rates with increasing age.

A strongly elevated risk of acute myeloid leukemia is consistently reported in patients treated 

with alkylating agents.38-44 No statistically significant effect of radiation for Hodgkin’s lym-
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phoma on risk of leukemia has been observed, which can be explained by cell kill caused by 

relatively high dose radiotherapy. The increased risk of second solid tumors, however, is clear-

ly related to radiation. It has been consistently observed that the risk of second solid tumors 

is strongly increased with younger age at treatment.33,39,45 Hypothetically, these young 

patients might be at greater risks for side effects because immature tissues and organs are 

more vulnerable to the effects of ionizing radiation, or because these individuals might have 

genetic alterations also influencing their susceptibility to develop radiation-associated malig-

nancies at an early age. 

Smoking significantly increases the risk of lung cancer attributable to radiotherapy.46 A radia-

tion dose-response relation has been shown for second lung cancer 47 and breast cancer in 

women treated at a young age for Hodgkin’s lymphoma.48,49 Whether there is an effect of 

irradiated volume in second breast cancer remains to be determined.

Chemotherapy, however, may also play a role in the increased risk of solid malignancies.38 

Statistically significantly elevated risks of lung cancer were reported after treatment with 

alkylating agents for Hodgkin’s lymphoma  (relative risk [RR] = 4.2; 95% confidence interval 

[CI] = 2.1 to 8.8).47 By contrast, a decrease in breast cancer risk has been observed fol-

lowing alkylating agent containing therapy, especially when the chemotherapy had caused 

premature menopause. In the latter study patients who received both chemotherapy and 

radiotherapy had a statistically significantly lower risk than those treated with radiotherapy 

alone (RR = 0.45, 95% CI = 0.22 to 0.91).48

Cardiovascular toxicity
Cardiovascular toxicity can arise both after radiation and chemotherapy.

Radiation-induced heart disease includes a wide spectrum of cardiac pathologies, such as 

coronary artery disease, valvular heart disease, myocardial dysfunction, pericardial disease 

and electrical conduction abnormalities. Damage of the vascular endothelium, leading to 

accelerated atherosclerosis, and, in the long term, to an increased risk of vascular stenosis 

and thromboembolism of the arteries of the heart muscle, is probably important in the expla-

nation of radiation-induced heart disease.50-52 Radiation-induced damage to the myocardium 

might also be caused by damage to the microvasculature of the myocardium, leading to 

fibrosis. Radiation-related valvular disease cannot be explained in a similar way because valves 

do not have blood vessels. Diffuse fibrosis with or without calcifications may be observed 

without signs of postinflammatory changes or thrombi.51 The mechanism of radiation dam-

age to the valves is, however, not clear. One could hypothesize that it is consequential to late 

damage of the valvular endothelium leading to fibrosis. Whether conduction abnormalities 

and arrhythmias that are frequently observed53 are related to autonomic dysfunction or com-

pensate for decreased cardiac output is unclear.

Cardiotoxicity is evidently related to cumulative anthracycline dose54 and radiation dose to 

the heart.14 Whereas cardiotoxicity following radiotherapy is usually observed from 5-10 

years of follow-up and onwards, anthracycline-related toxicity may be observed at different 

intervals after therapy. Anthracycline-associated cardiotoxicity is caused by direct damage 
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to the myoepithelium. The occurrence of anthracycline-associated cardiotoxicity is strongly 

related to the cumulative dose as demonstrated in studies of patients surviving malignancies 

usually other than Hodgkin’s lymphoma.54,55 Doses below 500 mg/m2 are usually well toler-

ated. The total dose of anthracyclines during first line therapy for Hodgkin’s lymphoma is 

relatively low compared to treatment regimens for breast cancer and pediatric malignancies; 

the cumulative dose of eight cycles of MOPP-ABV or eight cycles of BEACOPP escalated is 

280 mg/m2 and of eight cycles of ABVD 400 mg/m2. In addition the majority of the patients 

will be treated with less than eight cycles of anthracycline containing chemotherapy.

The effects of anthracycline containing chemotherapy and radiation have been evaluated in 

a study on cardiovascular disease in 476 patients with aggressive non-Hodgkin lymphoma 

(NHL) treated with at least 6 cycles of doxorubicin-based chemotherapy in 4 EORTC trials 

(1980-1999). After a median follow-up of 8.4 years a significantly elevated risk of chronic 

heart failure was reported. Pre-existent hypertension, NHL at young age, radiation and sal-

vage treatment increased risk for all cardiovascular events; the impact of radiotherapy was 

dose-dependent. The risk of coronary artery disease was not elevated, but the follow-up time 

was still relatively short.56

The risk of cardiovascular diseases might also be increased through indirect effects of radio-

therapy; irradiation of the left kidney during para-aortic and spleen radiotherapy for example 

might lead to hypertension.57

General risk factors for cardiovascular diseases like hypertension, diabetes, hypercholester-

olemia, overweight and smoking58-62 probably also contribute to the risk of cardiovascular 

diseases in patients treated for Hodgkin’s lymphoma.63,64 Whether the cardiovascular risk 

factor profile in patients treated for Hodgkin’s lymphoma differs from that of the general 

population is unknown.

In addition, significantly increased risks of stroke have been described in patients treated for 

Hodgkin’s lymphoma with radiotherapy to the neck with relatively low doses64 and for solid 

tumors with higher doses.65

Endocrine effects

Fertility
Both chemotherapy and radiotherapy may lead to a temporary or permanent decrease in fer-

tility in males and females and temporary loss of ovarian function or menopause in women, 

depending on the type of drugs, total dose of chemotherapy, radiation dose and on age at 

treatment.
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MEN
Testicles are more sensitive to radiation than ovaries. Testicular doses of less than 0.2 Gy had 

no significant effect on FSH levels or sperm counts, whereas doses of 1.2 Gy and above are 

likely to be associated with a reduced chance of recovery of spermatogenesis.66 

The risk of infertility after chemotherapy strongly depends on the agents used and the 

cumulative dose of these agents. Procarbazine-containing regimens like MOPP, BEACOPP or 

cyclophosphamide, vincristine, procarbazine, prednisone (COPP) carry a much higher risk of 

infertility than regimens without procarbazine like ABVD, that hardly ever lead to permanent 

sterility.67

Semen cryopreservation allows subsequent artificial insemination of a female partner or 

in vitro fertilization. Semen cryopreservation may be difficult before the start of treatment 

because of decreased quality of the semen during illness and it is not an option for prepu-

bertal boys. Important recent developments enabling male survivors of Hodgkin’s lymphoma 

to get children are intracytoplasmic sperm injection through which problems of low sperm 

numbers and poor motility can be circumvented.68

WOMEN
In women radiation toxicity is strongly dependent on age at exposure, total radiation dose 

to the ovaries and whether or not the radiation is fractionated. A dose below 1.5 Gy only 

rarely leads to sterility in women below the age of 40 years. Following a dose of 2.5-5.0 Gy 

30-40% of the women treated between 15 and 40 years are permanently sterilized, whereas 

more than 90% of the women over 40 years of age are permanently sterilized. Following 

a dose of more than 8 Gy all women will be sterile.69 The effective sterilizing dose (dose of 

fractionated radiotherapy at which premature ovarian failure occurs immediately after treat-

ment in 97.5% of patients) decreases with increasing age at treatment. Effective sterilizing 

dose at birth is 20.3 Gy; at 10 years 18.4 Gy, at 20 years 16.5 Gy, and at 30 years 14.3 Gy. 

Furthermore, exposure of the uterus to radiation is associated with an increased risk of mis-

carriage, midtrimester pregnancy loss, preterm birth, and low birth weight.70

Ovaries of prepubertal children and adolescents are less sensitive to chemotherapy-induced 

damage as compared to ovaries of adults. Nevertheless procarbazine and alkylating drugs 

used for the treatment of Hodgkin’s lymphoma may lead to acute ovarian failure and thus 

infertility71 or to depletion of ovarian reserve leading to premature menopause years after 

completion of chemotherapy following a period of normal functioning.68,72 

Possibilities to preserve reproduction are more difficult in females. Cryopreservation of mature 

oocytes, immature oocytes or preimplantation embryos is usually not possible because of 

lack of time, lack of a male partner and doubts about the safety of the procedure. A very 

promising development is orthotopic transplantation of cryopreserved ovarian tissue. Recent-

ly embryo development73 and a live birth were reported74 after this procedure. Although 

not always successful and not without complications, transposition of the ovaries should 

be considered to preserve hormonal function in each case of planned irradiation exposing 

the ovaries. Although some promising results have been published concerning preservation 
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of ovarian function through temporary use of gonadotropin-releasing hormone agonistic 

analogues (GnRH-a),75 the efficacy of this medication has not yet been proven. Further inves-

tigation of the use of oral contraceptives during chemotherapy is also warranted, since the 

GHSG recently published data showing a statistically significant beneficial effect of the use of 

oral contraceptives on return of the menstrual cycle.76

Treatment for Hodgkin’s lymphoma may not only have effects on fertility or menopauze 

shortly after treatment, but may also induce premature menopauze many years after treat-

ment. Symptoms of premature menopause may be treated with hormonal replacement 

therapy. In women treated with radiation including part of their breasts the risk of hormonal 

replacement therapy is uncertain, since hormonal replacement therapy might counter the 

protective effect of premature menopause on radiation induced breast cancer.48

OFFSPRING
Although fertility may be seriously affected by treatment for Hodgkin’s lymphoma, so far 

there are neither indications for an increase in the prevalence of major congenital malforma-

tions in the offspring of patients treated for Hodgkin’s lymphoma77 nor in offspring of other 

cancer survivors.78

Thyroid function
In case of radiation to the lower neck, especially in case of irradiation of both sides of the 

neck, hypo- or hyperthyroidism have been reported to occur in up to 50% of the population 

10-15 years after radiotherapy.79-81 Medication is often necessary.

Other effects
Other effects that may be observed in long-term survivors are an increased risk of (lethal) 

infections especially from encapsulated bacteria after splenectomy or splenic irradiation82-84, 

decreased pulmonary function because of radiotherapy85 and chemotherapy (especially bleo-

mycin)86 and damage to bone and soft tissues like muscles, salivary glands and bowels. 

Damage to bones may be caused by a direct radiation effect but also through induction of 

premature menopause in women. With regard to late radiation-related gastro-intestinal tox-

icity, complication rates of up to 39% have been described in case of previous laparotomies 

and high doses per fraction.87 Since the staging laparotomy has been abandoned, fraction-

ation schedules have changed and target volumes are generally smaller, the percentage of 

gastro-intestinal toxicity has decreased.

Quality of life
Late treatment effects may influence the quality of life of patients treated for Hodgkin’s 

lymphoma significantly. Fatigue is a major complaint several years after treatment but the 

precise relationships with treatment remain to be determined.88,89
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Objective of this thesis
Radiotherapy and chemotherapy are effective against Hodgkin’s lymphoma, but not without 

side effects. Finding the balance between optimizing the chances of controlling Hodgkin’s 

lymphoma and limiting the chances of late treatment-effects as much as possible is of the 

utmost importance. Therefore the objectives of this thesis are to clarify the role of radio-

therapy in patients with advanced Hodgkin’s lymphoma and to extend our knowledge on 

late effects after treatment for Hodgkin’s lymphoma. 

Results of this research will contribute to further optimization of treatment strategies for 

patients with Hodgkin’s lymphoma and to primary and secondary prevention of long-term 

side effects in Hodgkin lymphoma survivors. This may not only lead to an optimal local con-

trol and survival but also to a better quality of life by reduction of side effects.
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Table 1. Overview publications including adult patients with early stage Hodgkin’s lymphoma

Eligible patients Treatment N Failure Significance Survival Significance

Radiotherapy only

Dümke, E.90 stage IA-IIB A: extended-field 40 Gy 170 5-yr FFTF : 70% P<0.03 5-yr OS: 93% N.s.

B: exented-field 30 Gy+ IFRT 40 Gy 175 5-yr FFTF: 81% 5-yr OS: 98%

Specht, L. 26 stage I-IIIB from 8 trials A: more extensive RT 1005 10-yr FFTF:68.7% P<0.0001 10-yr OS: 77.1% N.s.

B: less extensive RT 969 10-yr FFTF: 56.6% 10-yr OS: 77.0%

Noordijk, E. 
Eghbali, H. 23

stage I-II favorable disease (H7F) A: STNI 165 6-yr EFS: 81% P=0.0228 6-yr OS: 96% P=0.7

B: 6 EBVP+IFRT 168 6-yr EFS: 90% 6-yr OS: 98%

stage I-II unfavorable disease (H7U) A: 6 MOPP-ABV +IFRT 195 6-yr EFS: 90% P<0.001 6-yr OS: 89% N.s.

B: 6 EBVP+IFRT 194 6-yr EFS: 68% 6-yr OS: 82%

Eghbali, H. 24 stage I-II favorable disease (H8F) A: STNI 272 4-yr EFS: 77% P<0.0001 4-yr OS: 95% N.s.

B: 3 MOPP-ABV+IFRT 271 4-yr EFS: 99% 4-yr OS: 99%

stage I-II unfavorable disease(H8U) A: 6 MOPP-ABV+IFRT 335 4-yr EFS: 80% N.s. 4-yr OS: 85% N.s.

B: 4 MOPP-ABV+IFRT 333 4-yr EFS: 80% 4-yr OS: 85%

C: 4 MOPP-ABV+STNI 327 4-yr EFS: 80% 4-yr OS: 85%

CT and more or less extensive radiotherapy

Loeffler, M. 91 stage I-II with risk factors 2 COPP-ABVD to all:

or IIIA A: extended-field 40 Gy 76 4-yr FFTF: 80% N.s. 4-yr OS: 88% N.s.

B: extended-field 20 Gy, bulk 40 Gy 71 4-yr FFTF: 79% 4-yr OS: 94%

C: extended-field 30 Gy, bulk 30 Gy 111 4-yr FFTF: 86% 4-yr OS: 93%

RT only or CT plus radiotherapy versus chemotherapy only

Meyer, R. 29 stage I-IIA favorable A: STNI 64 5-yr EFS: 88% P=0.6 5-yr OS: 100% P=0.3

B: 2 ABVD + 2 ABVD in case of CR or CRu
or 2 ABVD + 4 ABVD in case of <CR or CRu

59 5-yr EFS: 87% 5-yr OS: 97%

stage I-IIA unfavorable A: 2 ABVD+STNI 139 5-yr EFS: 88% P=0.09 5-yr OS: 92% P=0.3

B: 2 ABVD + 2 ABVD if CR or CRu
or 2 ABVD + 4 ABVD if <CR or CRu

137 5-yr EFS: 85% 5-yr OS: 95%

Abbreviations general:
CR(u): Complete Remission (unconfirmed)
EFS: Event-Free Survival
FFTF: Freedom From Treatment Failure 
(IF)RT: (Involved-field)Radiotherapy
N: Number of patients
OS: Overall Survival
(S)TNI: (Sub) Total Nodal Irradiation
N.s.: Not significant

Abbreviations chemotherapy:
ABVD: doxorubicin, bleomycin, vinblastine and dacarbazine 
EBVP: epirubicin, bleomycin, vinblastine and prednisone
MOPP: mechlorethamine, vincristine, procarbazine, prednisone
MOPP-ABV: mechlorethamine, vincristine, procarbazine, prednisone-doxorubicin, bleomycin, vinblastine 
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Table 1. Overview publications including adult patients with early stage Hodgkin’s lymphoma

Eligible patients Treatment N Failure Significance Survival Significance

Radiotherapy only
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B: extended-field 20 Gy, bulk 40 Gy 71 4-yr FFTF: 79% 4-yr OS: 94%

C: extended-field 30 Gy, bulk 30 Gy 111 4-yr FFTF: 86% 4-yr OS: 93%

RT only or CT plus radiotherapy versus chemotherapy only

Meyer, R. 29 stage I-IIA favorable A: STNI 64 5-yr EFS: 88% P=0.6 5-yr OS: 100% P=0.3

B: 2 ABVD + 2 ABVD in case of CR or CRu
or 2 ABVD + 4 ABVD in case of <CR or CRu

59 5-yr EFS: 87% 5-yr OS: 97%

stage I-IIA unfavorable A: 2 ABVD+STNI 139 5-yr EFS: 88% P=0.09 5-yr OS: 92% P=0.3

B: 2 ABVD + 2 ABVD if CR or CRu
or 2 ABVD + 4 ABVD if <CR or CRu

137 5-yr EFS: 85% 5-yr OS: 95%
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Table 2. Overview of publications including adult patients with advanced HL

Eligible patients Treatment N Failure Significance Survival Significance

Chemotherapy only

Canellos, G.P.92; stage IIIA2, IIIB and IVA or IVB HL A: 6-8 MOPP alone, no RT 123 5-year FFS: 50% MOPP versus other: P=0.02 5-year OS: 66% MOPP versus other: P=0.28

B: MOPP alternating with ABVD  12 cycles, no RT 123 5-year FFS: 65% 5-year OS: 75%

C: 6-8 ABVD alone, no RT 115 5-year FFS: 61% 5-year OS: 73%

Duggan, D.B.93; stage III2A, IIIB or IV HL or relapse 
after definitive RT

A: 8-10 ABVD, no RT 433 5-year FFS: 63% P=0.42 5-year OS: 82% P=0.82

B: 8-10 MOPP-ABV hybrid, no RT 419 5-year FFS: 66% 5-year OS: 81%

Chemotherapy with or without radiotherapy (by randomization)

Fabian, C.J.94 stage III or IV HL in CR after 
chemotherapy

A: 6 MOP-BAP, no RT 143 * 5-year RFS: 66% P>0.2 5-year OS: 79% P=0.14

B: 6 MOP-BAP + IFRT 135 † 5-year RFS: 74% 5-year OS: 86%

Fermé, C.95,96 stage IIIB/IV in CR or good PR after 
6 cycles of chemotherapy

A: 6 MOPP-ABV hybrid + 2 MOPP- ABV hybrid 92 5-year DFS: 80% P=0.01 for comparison of the 
4 treatment arms; P=0.07 
between the 2 consolidation 
arms after stratification of 
induction regimen‡

5-year OS: 85% P=0.01 for comparison of the 4 
treatment arms; 

B: 6 MOPP-ABV hybrid + (S)TNI 114 5-year DFS: 82% 5-year OS: 88% A vs C: P=0.2; 

C: 6 ABVPP + 2 ABVPP 116 5-year DFS: 68% 5-year OS: 94% B vs D: P=0.002‡

D: 6 ABVPP + (S)TNI 96 5-year DFS: 75% 5-year OS: 78%

Aleman, B.M.P., 
Raemaekers, 
J.M.M.97

stage IIIA or IV HL in CR after 
chemotherapy

A: 6-8 MOPP-ABV, no further  treatment 161 5-year EFS: 84% P=0.35 5-year OS: 91% P=0.07

B: 6-8 MOPP-ABV + IFRT 172 5-year EFS: 79% 5-year OS: 85%

CT and radiotherapy on indication 

Horning, S.J.98 stage III or IV HL or patients with 
bulky mediastinal disease

Stanford V + RT in case of bulky mediastinal 
disease, nodal masses ≥ 5 cm, macroscopic 
nodules in an intact spleen on CT-scan (87% plus 
RT)

47 5-year FFS: 83% not applicable 5-year OS: 96% not applicable

Diehl, V.32 unfavorable stage IIB or IIIA or 
stage IIIB or IV HL

A: COPP-ABVD+ RT on originally  bulky disease or 
residual  tumor (64% plus RT)

260 5-year FFTF: 69% § P=0.04 for comparison with 
the COPP-ABVD group;

5-year OS: 83% ** P=0.002 for comparison with 
COPP-ABVD; 

B: BEACOPP baseline+ RT on  originally bulky 
disease or  residual tumor (71% plus RT)

469 5-year FFTF: 76% § || P<0.001 for comparison 
with the COPP-ABVD group

5-year OS: 88% †† P=0.06 for comparison with 
standard BEACOPP

C: BEACOPP escalated+ RT on  originally bulky 
disease or  residual tumor (71% plus RT)

466 5-year FFTF: 87%  
|| ¶

¶ P<0.001 for comparison with 
the standard BEACOPP

5-year OS: 91%  **††

Radford, J.A.99 unfavorable stage I or II HL or stage 
III or IV HL

ChlVPP-EVA hybrid + RT on originally bulky 
disease or residual abnormalities

144‡‡ 5-year EFS: 78% P=0.0006 5-year OS: 89% P=0.04

VAPEC-B + RT on originally bulky disease or 
residual abnormalities

138§§ 5-year EFS: 58% 5-year OS: 79%
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Table 2. Overview of publications including adult patients with advanced HL

Eligible patients Treatment N Failure Significance Survival Significance

Chemotherapy only
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Eligible patients Treatment N Failure Significance Survival Significance

Federico, M. J.100 advanced unfavorable HL in CR 
or PR after 4x ABVD or other 
anthracycline containing regimen

A: HDT + ASCT + IFRT in  case of initial bulky 
disease of  residual masses 

83 5-year FFS: all: P=0.4 5-year OS all: P=0.99

all: 75% PR: P=0.4 all: 88% PR: P=0.6

PR: 66% PR: 86%

B: 4 cycles of conventional  chemotherapy + IFRT 
in  case of initial bulky disease of  residual masses

80 5-year FFS 5-year OS 

all: 82% all: 88% 

PR: 77% PR: 88%

Gobbi, P.101 stage IIB,III or IV HL A: ABVD + RT on previously bulky or partially 
remitting disease

122 5-year FFS: 78% Stanford V vs 2 other 
regimens: P<0.01

5-year OS: 90% A vs M: P=0.33

B: Stanford V + RT on previously bulky or partially 
remitting disease||||

107 5-year FFS: 54% 5-year OS: 82% A vs S: P=0.04

C: MOPPEBVCAD + RT on previously bulky or 
partially remitting disease

106 5-year FFS: 81% 5-year OS: 89% M vs S: P=0.33

* 130 received no further therapy
† 104 received IFRT
‡ Long-term follow-up data confirm conclusion96

‡‡ Among which 76 with stage III or IV
§§ Among which 79 with stage III or IV
|||| This regimen deviated from the original Stanford V schedule; radiation was only given 

to originally bulky sites and sites in partial remission after chemotherapy.

Abbreviations general:
CR: Complete Remission
DFS: Disease Free Survival
EFS: Event-Free Survival
FFS: Failure Free Survival
FFTF Freedom From Treatment Failure
HDT + ASCT High-dose therapy (HDT) with autologous stem-cell transplantation (ASCT)
HL: Hodgkin’s Lymphoma
(IF)RT: (Involved Field)Radiotherapy
N: Number of patients
OS: Overall Survival
PR: Partial Remission
(S)TNI: (Sub) Total Nodal Irradiation

Table 2. Continued
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Eligible patients Treatment N Failure Significance Survival Significance

Federico, M. J.100 advanced unfavorable HL in CR 
or PR after 4x ABVD or other 
anthracycline containing regimen

A: HDT + ASCT + IFRT in  case of initial bulky 
disease of  residual masses 

83 5-year FFS: all: P=0.4 5-year OS all: P=0.99

all: 75% PR: P=0.4 all: 88% PR: P=0.6

PR: 66% PR: 86%

B: 4 cycles of conventional  chemotherapy + IFRT 
in  case of initial bulky disease of  residual masses

80 5-year FFS 5-year OS 

all: 82% all: 88% 

PR: 77% PR: 88%

Gobbi, P.101 stage IIB,III or IV HL A: ABVD + RT on previously bulky or partially 
remitting disease

122 5-year FFS: 78% Stanford V vs 2 other 
regimens: P<0.01

5-year OS: 90% A vs M: P=0.33

B: Stanford V + RT on previously bulky or partially 
remitting disease||||

107 5-year FFS: 54% 5-year OS: 82% A vs S: P=0.04

C: MOPPEBVCAD + RT on previously bulky or 
partially remitting disease

106 5-year FFS: 81% 5-year OS: 89% M vs S: P=0.33

Abbreviations chemotherapy:
ABVD: doxorubicin, bleomycin, vinblastine and dacarbazine 
ABVPP: doxorbubin, bleomycin, vinblastine, procarbazine, prednisone
BEACOPP: bleomycin, etoposide, adriamycin, cyclophosphamide, vincristin, procarbazine and pred-

nisone 
ChlVPP-EVA: chlorambucil, vinblastine, procarbazine, and prednisone/etoposide, vincristine, and dox-

orubicin 
COPP-ABVD: cyclophosphamide, vincristine, procarbazine, and prednisone alternating with doxoru-

bicin, bleomycin, vinblastine, and dacarbazine 
MOPP: mechlorethamine, vincristine, procarbazine, prednisone
MOPP-ABV: mechlorethamine, vincristine, procarbazine, prednisone / doxorubicin, bleomycin, vin-

blastine 
MOP-BAP nitrogen mustard, vincristine, prednisone, bleomycin, doxorubicin, and procarbazine
Stanford V: doxorubicin, vinblastine, mechlorethamine, etoposide, vincristine, bleomycin, pred-

nisone
VAPEC-B: doxorubicin, cyclophosphamide, etoposide, vincristine, bleomycin, and prednisolone
MOPPEBVCAD: mechlorethamine, vincristine, procarbazine, prednisone, epidoxirubicin, bleomycin, vin-

blastine, lomustine, doxorubicin, and vindesine
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Swerdlow
5,519 HL survivors 

(all ages)38

Dores
32,591 1-year survivors of HL

 (all ages; average age:37 years)35

Van Leeuwen
1,253 1-year survivors of HL (treated 

before age 40)39

Metayer
5,925 HL survivors 

(treated before age 21)36* 

SIR 95% CI AER SIR 95% CI AER SIR 95% CI AER SIR 95% CI AER

Stomach 2.2 1.2-3.6 1.5 1.9 1.5-2.4 1.5 10.9 4.4-22.6 3.9 13.8 4.4-32.1 -

Colon 2.3 1.4-3.6 2.2 1.6 1.4-1.9 2.0 2.8 0.6-8.1 1.2 4.7 1.3-12.1 -

Lung 3.4 2.7-4.2 11.7 2.9 2.6-3.2 9.7 7.0 3.7-11.9 6.9 5.1 1.9-11.1 1.4

Bone 10.7 3.2-24.8 0.8 3.8 1.7-7.2 0.3 - - - 9.7 3.1-22.7 1.4

Bone and soft tissue - - - - - - 12.1 2.5-35.3 1.7 - - -

Soft tissue 3.9 1.0-10.1 0.5 - - 1.0 - - - - - 1.8

Melanoma 2.3 0.9-4.6 0.7 1.7 1.3-2.3 0.9 5.5 2.2-11.2 3.5 1.9 0.6-4.4 0.5

Breast (female) 1.4 0.9-2.1 3.1 2.0 1.8-2.3 10.5 5.2 3.4-7.6 29.4 14.1 - 13.0

Cervix 2.1 0.9-4.1 0.8 2.0 1.4-2.7 1.6 - - - 6.1 - 2.3

Thyroid 7.6 2.7-16.4 0.9 4.1 3.0-5.5 1.4 15.2 4.1-39.0 2.3 13.7 8.6-20.7 4.7

NHL 14.0 10.5-18.3 9.9 5.5 4.7-6.4 5.2 21.5 12.3-34.9 9.4 6.9 3.3-12.8 1.0

Leukemia 14.6 10.7-19.2 8.9 9.9 8.7-11.2 8.8 37.5 22.2-59.2 10.8 20.9 13.9-30.3 6.3

All sites 2.9 2.6-3.2 44.5 2.3 2.2-2.4 47.2 7.0 5.9-8.3 72.3 7.7 6.7-8.8 30.0

Table 3. Standardized incidence ratios (SIRs) and Absolute excess risks (per 10,000 persons per year) of 
several second malignancies in several recent studies.

Abbreviations:
* Derived from the original paper 
CI: Confidence Interval 
AER: Absolute Excess Risk
HL: Hodgkin’s Lymphoma
SIR: Standardized Incidence Ratio
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Authors Number in 
cohort

Years of 
treatment

Age range at 
treatment in yrs 

(median)

Follow-up time in yrs 
(range)

Type of treatment Mortality end-point SIR* (95% CI) SIR** AER ¶ 

Henry-Amar, M.102(1990) 1,449
(826 males)

1963-86 31.2 median for all - Mantle or TNI or STNI ± 
chemotherapy

Second cancers 4.2 2.9-5.9 -

Hoppe, R.103 (1997) 2,498 1960-1995 - - RT ± CT Second cancers 6.3 - 43.5

Aviles, A.104(2000) 2,980 1970-95 >18† Median 14.6 (5.0-24.0) 63% RT ± CT Second neoplasm 37.6 23.9-50.1 26.8

Ng, A.37 (2002) 1,080 1969-97 3-50 (25) Median 12.0 97% RT ± CT; mainly extended 
field in case of RT only

Second tumors 11.2 8.6-14.4 41.2

Aleman, B.M.P.33 (2003) 1,261 1965-87 1.2-20 (17.0) Median 19.5 (0.1-35.6) 97% RT ± CT Leukemia (including MDS) 37.7 10.3-96.6 6.7

1.2-20 (17.0) Median 19.5 (0.1-35.6) Solid tumors 14.8 8.1-24.9 22.3

1.2-40 (26) Median 17.8 (0.1-35.6) Leukemia (including MDS) 41.3 26.5-61.4 11.0

1.2-40 (26) Median 17.8 (0.1-35.6) Solid tumors 6.6 5.2-8.3 30.3

Table 4. Risk of death from second cancers in large cohorts of patients treated for Hodgkin’s lymphoma 
(adults or no age limit)

* Standardized Incidence Ratio (SIR) as the ratio of the observed (O) and expected (E) numbers of 
cancers in the cohort. The expected numbers are calculated based on general population rates.

¶ Absolute Excess Risk (AER) as O minus E, divided by number of person-years at risk, times 10,000; 
AER per 10,000 person-years

†  60% of patients estimated to be ≤ 40 years
‡  62% <40 years
§  Calculated from the data in the paper:  (Observed (7) – Expected (2.5)/Person-years at risk (4335)) 

x 10.000
CT: Chemotherapy
MDS: Myelodysplastic Syndrome
(S)TNI: (Sub) Total Nodal Irradiation 
RT: Radiotherapy
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Authors Number in 
cohort

Years of 
treatment

Age range at 
treatment in yrs 

(median)

Follow-up time in yrs 
(range)

Type of treatment Mortality end-point SIR* (95% CI) SIR** AER ¶ 

Henry-Amar, M.102(1990) 1,449
(826 males)

1963-86 31.2 median for all - Mantle or TNI or STNI ± 
chemotherapy
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Aviles, A.104(2000) 2,980 1970-95 >18† Median 14.6 (5.0-24.0) 63% RT ± CT Second neoplasm 37.6 23.9-50.1 26.8

Ng, A.37 (2002) 1,080 1969-97 3-50 (25) Median 12.0 97% RT ± CT; mainly extended 
field in case of RT only

Second tumors 11.2 8.6-14.4 41.2

Aleman, B.M.P.33 (2003) 1,261 1965-87 1.2-20 (17.0) Median 19.5 (0.1-35.6) 97% RT ± CT Leukemia (including MDS) 37.7 10.3-96.6 6.7

1.2-20 (17.0) Median 19.5 (0.1-35.6) Solid tumors 14.8 8.1-24.9 22.3

1.2-40 (26) Median 17.8 (0.1-35.6) Leukemia (including MDS) 41.3 26.5-61.4 11.0

1.2-40 (26) Median 17.8 (0.1-35.6) Solid tumors 6.6 5.2-8.3 30.3
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Table 5. Risk of death from cardiovascular diseases in large cohorts of patients treated for Hodgkin’s 
lymphoma

Authors No. in
cohort

Years of
 treatment

Age range at 
treatment

 in yrs
(median)

Follow-up time 
in yrs

(range)

Type of treatment Mortality
end-point

SMR (95%CI) SMR* AER ¶ 

Adults or no age limits

Henry-Amar, M.102 (1990) 1449 (826 males) 1963-86 31.2 median for all - Mantle or 
TNI or STNI ± 
chemotherapy

Myocardial infarction 8.8 for males (5.1 – 14.1) -

Boivin,J.105(1992) 4665 1940-85 All ages‡ Average 7 Mediastinal 
irradiation± 

chemotherapy

Coronary artery 
disease

3.3 (1.4 – 8.0) -

Myocardial 4.1 (1.5 – 10.9) -

infarction

Chemotherapy Coronary artery 
disease

1.1 (0.6-2.0) -

Myocardial 1.0 (0.5-1.9) -

infarction

Hancock, S.14 (1993) and 
Hoppe, R.103 (1997)

2232 1960-91 1-82
(average 29)

Average 9.5 
(-)

89% with 
mediastinal 
irradiation

Heart disease 3.1 (2.4 – 3.7) 28.0

Myocardial infarction 3.2 (2.3 – 4.0) 17.8

King, V.106(1996) 326 1954-89 5-72
(mean 25.6)

Mean 13.3
(3-37) 

Mantle irradiation ± 
chemotherapy

Myocardial infarction 2.8 (0.7 – 4.9) 10.4§

Glanzmann, C.107

(1998)
352 1964-92 4.0-81 (mean 33.8) 11.2 

(1.0-31.5)
Mediastinal 
irradiation

± chemotherapy

Myocardial infarction 4.2 (1.8 – 8.3) -

Brierley, J.D.108(1998) 611 1973-84 17-90 (31) Median 11.0 97% RT ± CT Myocardial infarction 1.5 (0.7 – 3.0) 5.4

(0.7-18.0)

Aviles, A.104(2000) 2980 1970-95 >18† Median 14.6 63% RT ± CT Cardiac disease 29.8 (15.6 – 46.8) 16.8

(5.0-24.0)

Ng, A.37 (2002) 1080 1969-97 3-50 (25) Median 12.0 97% RT ± CT; mainly 
extended field in 
case of RT only

Cardiac disease 3.2 (1.9 – 5.2) 9.0
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Authors No. in
cohort

Years of
 treatment

Age range at 
treatment

 in yrs
(median)

Follow-up time 
in yrs

(range)

Type of treatment Mortality
end-point

SMR (95%CI) SMR* AER ¶ 

Adults or no age limits
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extended field in 
case of RT only

Cardiac disease 3.2 (1.9 – 5.2) 9.0
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Authors No. in
cohort

Years of
 treatment

Age range at 
treatment

 in yrs
(median)

Follow-up time 
in yrs

(range)

Type of treatment Mortality
end-point

SMR (95%CI) SMR* AER ¶ 

Young ages

Hancock, S.109(1993) 635 1961-91 <21
(mean 15.4)

Mean 10.3 89% with 
mediastinal 
irradiation,

mainly ³40 Gy

Myocardial infarction 41.5 (18.1 – 82.1) 10.4

Other cardiac disease 21.2 (7.8 – 47.2) 7.3

Hudson, M.M.110(1998) 387 1968-90 3-25 (14.4) Median 15.1 
(2.9-28.6)

RT (mainly 
extended field) ± 

chemotherapy

Cardiac 
disease

22.2 (8.1 – 48.4) 10.2

Aleman, B.M.P.33 (2003) 1,261 1965-87 1.2-20 (17.0) Median 19.5
(0.1-35.6)

97% RT ± CT Cardiovascular 
disease

13.6 (5.0-29.6) 9.5

1.2-20 (17.0) Median 19.5
(0.1-35.6)

Cardiac disease 5.1 (0.1-28.4) 1.4

1.2- 40 (26) Median 17.8 
(0.1-35.6) 

Cardiovascular 
disease

5.8 (4.3- 7.6) 19.4

1.2-40 (26) Median 17.8 
(0.1-35.6)

Cardiac disease 4.0 (2.3- 6.5) 5.6

* Relative Risk (RR) as the ratio of the observed (O) and expected (E) numbers of cancers in the 
cohort. The expected numbers are calculated based on general population rates.

¶ Absolute Excess Risk (AER) as O minus E, divided by number of person-years at risk, times 
10,000; AER per 10,000 person-years

†  60% of patients estimated to be ≤ 40 years
‡  62% <40 years
§  Calculated from the data in the paper: (Observed (7) – Expected (2.5)/Person-years at risk 

(4,335)) x 10.000
CT: Chemotherapy
RT: Radiotherapy
SMR: Standardized Mortality Ratio
(S)TNI: (Sub) Total Nodal Irradiation

Table 5. Continued
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Authors No. in
cohort

Years of
 treatment

Age range at 
treatment

 in yrs
(median)

Follow-up time 
in yrs

(range)

Type of treatment Mortality
end-point

SMR (95%CI) SMR* AER ¶ 
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RT (mainly 
extended field) ± 
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13.6 (5.0-29.6) 9.5

1.2-20 (17.0) Median 19.5
(0.1-35.6)

Cardiac disease 5.1 (0.1-28.4) 1.4

1.2- 40 (26) Median 17.8 
(0.1-35.6) 

Cardiovascular 
disease

5.8 (4.3- 7.6) 19.4

1.2-40 (26) Median 17.8 
(0.1-35.6)

Cardiac disease 4.0 (2.3- 6.5) 5.6
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Abstract

Background

The use of involved-field radiotherapy after chemotherapy for advanced Hodgkin’s lympho-

ma is controversial.

Methods

We randomly assigned patients with previously untreated stage III or IV Hodgkin’s lymphoma 

who were in complete remission after hybrid chemotherapy with mechlorethamine, vin-

cristine, procarbazine, prednisone, doxorubicin, bleomycin, and vinblastine (MOPP-ABV) to 

receive either no further treatment or involved-field radiotherapy. Radiotherapy consisted of 

24 Gy to all initially involved nodal areas and 16 to 24 Gy to all initially involved extranodal 

sites. Patients in partial remission were treated with 30 Gy to nodal areas and 18 to 24 Gy to 

extranodal sites.

Results

Of 739 patients, 421 had a complete remission; 161 of these patients were assigned to 

no further treatment, and 172 to involved-field radiotherapy. The median follow-up was 

79 months. The five-year event-free survival rate was 84 percent in the group that did not 

receive radiotherapy and 79 percent in the group that received involved-field radiotherapy 

(P=0.35). The five-year overall survival rates were 91 and 85 percent, respectively (P=0.07). 

Among the 250 patients in partial remission after chemotherapy, the five-year event-free and 

overall survival rates were 79 and 87 percent, respectively.

Conclusions

Involved-field radiotherapy did not improve the outcome in patients with advanced stage 

Hodgkin’s lymphoma who had a complete remission after MOPP-ABV chemotherapy. Radio-

therapy may benefit patients with a partial response after chemotherapy.
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Introduction

The outcome of treatment for advanced Hodgkin’s lymphoma has improved dramatically 

over the past two decades. Cure rates of more than 70 percent are now possible1-10 with a 

hybrid regimen of mechlorethamine, vincristine, procarbazine, prednisone, doxorubicin, bleo-

mycin, and vinblastine (MOPP-ABV); a regimen of doxorubicin, bleomycin, vinblastine, and 

dacarbazine (ABVD); or a regimen of bleomycin, etoposide, doxorubicin, cyclophosphamide, 

vincristine, procarbazine, and prednisone (BEACOPP). The potential role of radiotherapy after 

the completion of chemotherapy in patients with advanced Hodgkin’s lymphoma stems from 

the observations that relapses usually occur at initially involved sites and that radiotherapy 

lowers the rates of recurrence.11

The results of several randomized studies have, however, raised questions about the benefit 

of adjuvant radiotherapy.9,11-16 Moreover, a combination of chemotherapy and radiotherapy 

may increase the risks of late complications, especially second cancers and cardiovascular 

disease.17-21 These risks must be balanced against the risk of treatment failure, since patients 

who have no response to initial therapy or who have an early relapse are not likely to be 

cured by salvage treatment.22-24 A previous European Organization for Research and Treat-

ment of Cancer Lymphoma Group trial in patients with advanced Hodgkin’s lymphoma used 

a response-adapted strategy consisting of six cycles of chemotherapy instead of eight in 

patients who had a complete remission after four cycles.3 The assumption was that two addi-

tional cycles of chemotherapy would consolidate an early complete remission, provided that 

a total of six cycles were given.25 These considerations led to the present trial to determine 

whether radiotherapy reduces the relapse rate among patients with stage III or IV Hodgkin’s 

lymphoma who have a complete remission after six to eight cycles of MOPP-ABV hybrid che-

motherapy (considered the standard chemotherapy at the time the trial was designed).

Methods

Patients
Patients with previously untreated stage III or IV Hodgkin’s lymphoma who were 15 to 70 

years of age were eligible for the study. Ineligibility criteria were pathological stage IIIAS 

with splenic involvement as the only site of infradiaphragmatic disease; severe cardiac, pul-

monary, or metabolic disease; and a previous diagnosis of cancer (except for nonmelanoma 

skin tumors and cervical carcinoma in situ). All pathological specimens were to be reviewed, 

but this was not a criterion for eligibility. The protocol was submitted to and approved by 

the ethics committee of each participating center, and oral informed consent was required 

before enrollment.
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Pretreatment workup
The following studies were required on enrollment: physical examination, complete blood 

count, measurement of the erythrocyte sedimentation rate, serum biochemical tests, a chest 

film, computed tomography (CT) of the chest, ultrasonography of the liver and spleen, biped-

al lymphangiography (or abdominal CT where available), and unilateral bone marrow biopsy. 

Liver biopsy, bone scanning, and gallium scintigraphy were performed if indicated but were 

not required. After four cycles of chemotherapy, all examinations that had initially abnormal 

results (including bone marrow biopsy) were repeated. Bulky disease was defined as a mass 

of at least 10 cm (largest diameter) or a bulky mediastinum (a ratio of the mediastinum to 

the thorax of at least 0.35 at the level of T5 through T6 while the patient was standing).26 

Complete remission was defined as the disappearance of all disease-related symptoms and 

measurable lesions, including normalization of blood values and findings on radiologic exami-

nation and bone marrow–biopsy specimens.27

Chemotherapy
MOPP-ABV hybrid chemotherapy was administered to all patients in the following doses: 

mechlorethamine, 6 mg per square meter of body-surface area given intravenously on day 

1; vincristine, 1.4 mg per square meter (maximal dose, 2 mg) given intravenously on day 1; 

procarbazine, 100 mg per square meter given orally on days 1 through 7; prednisone, 40 mg 

per square meter given orally on days 1 through 14; doxorubicin, 35 mg per square meter 

given intravenously on day 8; bleomycin, 10 mg per square meter given intramuscularly or 

intravenously on day 8; and vinblastine, 6 mg per square meter given intravenously on day 8. 

Chemotherapy was given every 28 days for a total of six to eight cycles. Patients were evalu-

ated after four cycles of chemotherapy (Fig. 1). Those with progressive disease or no change 

in their condition were excluded from the study. All other patients received two additional 

methods cycles of MOPP-ABV chemotherapy. Patients who were in complete remission after 

four cycles and who remained in complete remission after six cycles (early complete remis-

sion) were randomly assigned to receive no further treatment or involved-field radiotherapy. 

Patients who were in partial remission after four cycles and who were in complete remission 

after six cycles (late complete remission) were given two additional cycles of chemotherapy 

before undergoing randomization. Patients who remained in partial remission after six cycles 

stopped receiving chemotherapy and were treated with involved-field radiotherapy.

Involved-field radiotherapy
Patients in complete remission received 24 Gy of radiation to nodal regions; those in partial 

remission received 30 Gy (with a boost of 4 to 10 Gy if needed) in fractions of 1.5 to 2.0 

Gy. The spleen was included in the radiation field when the paraaortic nodes were involved. 

If the spleen was involved in the absence of known paraaortic node disease, the radiation 

fields encompassed both the spleen and the paraaortic nodes. If there was lung involvement 

initially, a dose of 16 Gy was prescribed after a complete remission, and a dose of 18 Gy was 

prescribed after a partial remission with a localized boost of 4 to 10 Gy when necessary. If 
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the liver was involved, 20 Gy of radiation was given, and if bone was involved, a dose of 

24 Gy was given to affected areas (with a boost of 10 Gy when necessary). The dose was 

defined according to the guidelines of report 29 of the International Commission on Radia-

tion Units and Measurements.28 Involved-field radiotherapy started within six to eight weeks 

after the first day of the last cycle of chemotherapy and was administered in one to three 

courses, depending on the extent of the original involvement.

Statistical analysis
The primary objective of the study was to determine whether adjuvant radiotherapy improved 

three-year relapse-free survival in patients who had a complete remission after six to eight 

cycles of MOPP-ABV. Secondary end points were event-free survival and overall survival. 

Relapse-free survival was calculated from the date of assessment of complete remission (after 

four or six cycles of chemotherapy) to the date of the first relapse, the date of the last 

examination, the date of death, or June 1, 2002, whichever came first. Event-free survival 

was calculated for all patients from the first day of chemotherapy to the date of the first 

event (treatment failure, relapse, or death from any cause), the date of the last examination, 

or June 1, 2002, whichever came first. Overall survival was calculated from the first day 

of chemotherapy to the date of death, the date of the last examination, or June 1, 2002, 

whichever came first. The time to the development of a second cancer was calculated from 

the first day of chemotherapy to the date on which the second cancer was diagnosed, the 

date of death, the date of the last examination, or June 1, 2002, whichever came first. The 

cumulative probability of a second cancer was calculated as 1 minus the probability of sur-

vival without the development of a second cancer. Relapse-free survival, event-free survival, 

overall survival, and the cumulative probability of a second cancer were estimated according 

to the Kaplan–Meier method, and the rates in each group were compared with use of the 

log-rank test. Ninety-five percent confidence intervals for the rates were estimated with use 

of the method of Rothman and Boice.29 All analyses were performed according to the inten-

tion-to-treat principle. Two-sided tests were used in reporting the results. Stata statistical 

software was used to analyze data.30 Assuming a rate of complete remission of 70 percent 

and a three-year relapse-free survival rate of 80 percent after chemotherapy with MOPP-ABV, 

we needed to enroll 321 patients who were in complete remission and who had data that 

could be evaluated, in order for the study to have the power to demonstrate a 10 percent 

increase in survival (i.e., 90 percent vs. 80 percent) after adjuvant involved field radiotherapy 

(a=0.05 and b =0.20 by the logrank test and a one-sided test). Forty-two cooperating cen-

ters in Belgium, France, Italy, the Netherlands, Poland, Portugal, and Slovenia participated. 

Registration, randomization, and data collection were performed at the Department of Bio-

statistics and Epidemiology, Institut Gustave Roussy, Villejuif, France. Randomization was 

stratified according to the center, and treatment assignments were provided by telephone 

or fax machine. Data were stored with use of a specific data management program (PIGAS) 

developed at the Institut Gustave Roussy.31 Data were updated on June 1, 2002. The median 

follow-up period was 79 months.
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Table. 1. Characteristics of the Patients*

Characteristic Total
(N=739)

Complete Remission Partial Remission
(N=250)

No Change, Progression, 
Death or Could not be 

evaluated (N=68)
No Radiotherapy

(N=161)
Radiotherapy

(N=172)
Not Randomized

(N=88)

Age-yr

Median 33 32 36 34 30 44

Range 14-71 15-70 14-70 16-70 15-70 15-71

Male:female ratio 1.79:1 1.73:1 1.77:1 1.67:1 1.66:1 3.00:1

Site of disease – no. (%)

Supradiaphragmatic 106 (14) 19 (12) 23 (13) 14 (16) 44 (18) 6 (9)

Infradiaphragmatic 18 (2) 2 (1) 5 (3) 5 (6) 3 (1) 3 (4)

Both 615 (83) 140 (87) 144 (84) 69 (78) 203 (81) 59 (87)

Stage – no. (%)

IIIA 191 (26) 46 (29) 46 (27) 14 (16) 77 (31) 8 (12)

IIIB 238 (32) 50 (31) 61 (35) 26 (30) 74 (30) 27 (40)

IVA 96 (13) 20 (12) 19 (11) 16 (18) 32 (13) 9 (13)

IVB 214 (29) 45 (28) 46 (27) 32 (36) 67 (27) 24 (35)

Mediastinal involvement – no (%) 598 (81) 132 (82) 139 (81) 65 (74) 217 (87) 45 (66)

Bulky mediastinum — no. (% † 208 (35) 29 (22) 42 (30) 22 (34) 96 (44) 19 (42)

Bulky disease – no. (%) ‡ 311 (42) 55 (34) 63 (37) 33 (38) 127 (51) 33 (49)

No. of extranodale sites of disease in patients with stage IV no. (%) 310 65 65 48 99 33

1 203 (65) 43 (66) 40 (62) 32 (67) 67 (68) 21 (64)

2 75 (24) 17 (26) 19 (29) 12 (25) 21 (21) 6 (18)

³ 3 32 (10) 5 (8) 6 (9) 4 (8) 11 (11) 6 (18)

Extranodal locations — no. (%

Lungs 132 (43) 24 (37) 24 (37) 19 (40) 54 (55) 11 (33)

Liver 77 (25) 13 (20) 18 (28) 13 (27) 18 (18) 15 (45)

Bone 57 (18) 13 (20) 13 (20) 6 (12) 19 (19) 6 (18)

Bone marrow 83 (27) 23 (35) 22 (34) 18 (38) 14 (14) 6 (18)

Albumin<40 g/l – no./total no. (%) 297/596 (50) 65/130 (50) 67/136 (49) 41/72 (57) 88/203 (43) 36/55 (65)

Histologic review – no. (%) 660 144 157 74 228 57

Lymphocyte predominant 12 (2) 2 (1) 3 (2) 1 (1) 2 (1) 4 (7)

Nodular sclerosis 516 (78) 112 (78) 117 (75) 54 (73) 196 (86) 37 (65)

Mixed cellularity 98 (15) 26 (18) 28 (18) 14 (19) 21 (9) 9 (16)

Hodgkin’s lymphoma of   unspecified subtype 1 (<1) 0 0 0 1 (1) 0

Non-Hodgkin’s lymphoma 20 (3) 1 (1) 6 (4) 4 (5) 5 (2) 4 (7)

Diagnosis Hodgkin’s lymphoma   uncertain 13 (2) 3 (2) 3 (2) 1 (1) 3 (1) 3 (5)

Overall duration of treatment – mo §

Median 8.0 6.0 9.0 7.5 9.0 4.0

Range 1-19 3-11 5-19 5-14 5-16 1-10

No.: number; mo: months; 
*Because of rounding, percentages may not total 100.
† Bulky mediastinum was defined, in patients with mediastinal involvement, as a ratio of mediastinum to 
thorax of at least 0.35 at the level of T5 through T6 while the patient was standing.26

‡ Bulky disease was defined as a mass of at least 10 cm (largest diameter) or a bulky mediastinum.
§ The overall duration of treatment was defined as the time from the start of chemotherapy to the start 
of the last chemotherapy cycle plus one month or to the end of the radiotherapy course among patients 
who received involved-field radiotherapy.
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Table. 1. Characteristics of the Patients*
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(N=739)

Complete Remission Partial Remission
(N=250)

No Change, Progression, 
Death or Could not be 

evaluated (N=68)
No Radiotherapy

(N=161)
Radiotherapy

(N=172)
Not Randomized

(N=88)

Age-yr

Median 33 32 36 34 30 44

Range 14-71 15-70 14-70 16-70 15-70 15-71

Male:female ratio 1.79:1 1.73:1 1.77:1 1.67:1 1.66:1 3.00:1

Site of disease – no. (%)

Supradiaphragmatic 106 (14) 19 (12) 23 (13) 14 (16) 44 (18) 6 (9)

Infradiaphragmatic 18 (2) 2 (1) 5 (3) 5 (6) 3 (1) 3 (4)

Both 615 (83) 140 (87) 144 (84) 69 (78) 203 (81) 59 (87)

Stage – no. (%)

IIIA 191 (26) 46 (29) 46 (27) 14 (16) 77 (31) 8 (12)

IIIB 238 (32) 50 (31) 61 (35) 26 (30) 74 (30) 27 (40)

IVA 96 (13) 20 (12) 19 (11) 16 (18) 32 (13) 9 (13)

IVB 214 (29) 45 (28) 46 (27) 32 (36) 67 (27) 24 (35)

Mediastinal involvement – no (%) 598 (81) 132 (82) 139 (81) 65 (74) 217 (87) 45 (66)

Bulky mediastinum — no. (% † 208 (35) 29 (22) 42 (30) 22 (34) 96 (44) 19 (42)

Bulky disease – no. (%) ‡ 311 (42) 55 (34) 63 (37) 33 (38) 127 (51) 33 (49)

No. of extranodale sites of disease in patients with stage IV no. (%) 310 65 65 48 99 33

1 203 (65) 43 (66) 40 (62) 32 (67) 67 (68) 21 (64)

2 75 (24) 17 (26) 19 (29) 12 (25) 21 (21) 6 (18)

³ 3 32 (10) 5 (8) 6 (9) 4 (8) 11 (11) 6 (18)

Extranodal locations — no. (%

Lungs 132 (43) 24 (37) 24 (37) 19 (40) 54 (55) 11 (33)

Liver 77 (25) 13 (20) 18 (28) 13 (27) 18 (18) 15 (45)

Bone 57 (18) 13 (20) 13 (20) 6 (12) 19 (19) 6 (18)

Bone marrow 83 (27) 23 (35) 22 (34) 18 (38) 14 (14) 6 (18)

Albumin<40 g/l – no./total no. (%) 297/596 (50) 65/130 (50) 67/136 (49) 41/72 (57) 88/203 (43) 36/55 (65)

Histologic review – no. (%) 660 144 157 74 228 57

Lymphocyte predominant 12 (2) 2 (1) 3 (2) 1 (1) 2 (1) 4 (7)

Nodular sclerosis 516 (78) 112 (78) 117 (75) 54 (73) 196 (86) 37 (65)

Mixed cellularity 98 (15) 26 (18) 28 (18) 14 (19) 21 (9) 9 (16)

Hodgkin’s lymphoma of   unspecified subtype 1 (<1) 0 0 0 1 (1) 0

Non-Hodgkin’s lymphoma 20 (3) 1 (1) 6 (4) 4 (5) 5 (2) 4 (7)

Diagnosis Hodgkin’s lymphoma   uncertain 13 (2) 3 (2) 3 (2) 1 (1) 3 (1) 3 (5)

Overall duration of treatment – mo §

Median 8.0 6.0 9.0 7.5 9.0 4.0

Range 1-19 3-11 5-19 5-14 5-16 1-10

No.: number; mo: months; 
*Because of rounding, percentages may not total 100.
† Bulky mediastinum was defined, in patients with mediastinal involvement, as a ratio of mediastinum to 
thorax of at least 0.35 at the level of T5 through T6 while the patient was standing.26

‡ Bulky disease was defined as a mass of at least 10 cm (largest diameter) or a bulky mediastinum.
§ The overall duration of treatment was defined as the time from the start of chemotherapy to the start 
of the last chemotherapy cycle plus one month or to the end of the radiotherapy course among patients 
who received involved-field radiotherapy.
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Results

Clinical characteristics and response to chemotherapy
From September 1989 to April 2000, a total of 739 patients were enrolled (Fig. 1). Table 1 

shows the characteristics of the patients. The diagnosis of Hodgkin’s lymphoma was con-

firmed in 627 of the 660 reviewed cases. Of the 33 patients with unconfirmed cases, the 

diagnosis of Hodgkin’s lymphoma was uncertain in 13 and excluded in 20 (including 14 

patients with non-Hodgkin’s lymphoma). These 20 patients were equally distributed among 

the five subgroups of patients. Of the 739 patients who received chemotherapy, 421 (57 per-

cent) had a complete remission, 250 (34 percent) had a partial remission, 7 had no change, 

Figure 1. Study Protocol and Numbers of Patients with a Complete Response, a Partial Response, or No 
Response.

MOPP-ABV: mechlorethamine, vincristine, procarbazine, prednisone, doxorubicin, bleomycin, and vinblas-
tine hybrid. PR: Partial remission after chemotherapy. CR: Complete remission after chemotherapy. IFRT: 
involved-field radiotherapy.
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26 had progressive disease, 14 died during therapy, and 21 could not be evaluated (Fig. 

1 and Table 1). Of the 208 patients with bulky mediastinal disease, 93 (45 percent) had a 

complete remission and 96 (46 percent) had a partial remission. Among patients without 

bulky mediastinal disease, these proportions were 62 percent and 30 percent, respectively 

(P<0.001). Sixty-seven percent of the patients received six cycles of chemotherapy, and 26 per-

cent received eight cycles; 7 percent stopped receiving chemotherapy because of progressive 

disease or poor tolerance. Among the 421 patients in complete remission, 161 were randomly 

assigned to receive no radiotherapy and 172 to receive involved-field radiotherapy. The two 

groups had similar clinical characteristics (Table 1). Eighty-eight patients in complete remission 

did not undergo randomization because of the patient’s refusal in 38 cases, the physician’s 

refusal in 32 cases, a protocol violation in 16 cases, and unspecified reasons in 2 cases. Twen-

ty-four of these 88 patients received radiotherapy, and 64 had no further treatment.

Acute toxicity
During or after chemotherapy, grade 3 (moderate) or grade 4 (severe) hematologic toxicity 

developed in 48 to 60 percent of patients, depending on the number of cycles of chemother-

apy given; eight patients died of sepsis. Grade 3 or 4 radiation-related hematologic toxicity 

occurred in 16 percent of patients and was significantly more likely to occur in patients with 

previous severe toxicity due to chemotherapy than in those without such a history (P=0.01). 

Grade 3 or 4 radiation-related pulmonary toxicity occurred in three patients. No deaths were 

related to acute toxicity of radiotherapy.

Outcome among patients in complete remission
After a median follow-up of 79 months, the relapse-free survival rates and event-free survival 

rates (Fig. 2) were similar among patients in complete remission who did not receive radio-

therapy and patients in complete remission who received involved-field radiotherapy. There 

was no significant difference between the two groups in overall survival (hazard ratio, 0.57; 

95 percent confidence interval, 0.31 to 1.06; P=0.07): 10 percent of the patients who did not 

Figure 2. Kaplan–Meier Estimates of 
Event-free Survival among Patients 
in Complete Remission after Chemo-
therapy Who Were Randomly Assigned 
to Receive Either No Radiotherapy or 
Involved-Field Radiotherapy. There 
was no significant difference between 
groups (P=0.35 by the log-rank test).
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Table 2. Clinical outcome

Outcome Total
(N=739)

Complete Remission Partial 
Remission 
(N=250)

No Change, Progression, 
Death, or Could Not Be 

Evaluated (N=68)
No radiotherapy

(N=161)
Radiotherapy

(N=172)
Not Randomized

(N=88)

Complete remission — no. (%)

After 4 cycles of MOPP-ABV 237 (33) 101 (63) 105 (61) 31 (35) NA NA

After 6 cycles of MOPP-ABV 421 (57) 161 (100) 172 (100) 88 (100) NA NA

Progression or relapse — no. (%) 130 24 22 17 45 22

Site of progression or relapse

Nodal only 71 (55) 18 (75) 14 (64) 10 (59) 22 (49) 7 (32)

Extranodal only 5 (4) 1 (4) 2 (9) 0 2 (4) 0

Nodal and extranodal 44 (34) 5 (21) 6 (27) 7 (41) 21 (47) 5 (23)

Unspecified 10 (7) 0 0 0 0 10 (45)

Relation to original site — no. (%

Confined to original site 49 (38) 11 (46) 6 (27) 7 (41) 19 (42) 6 (27)

New site 25 (19) 2 (8) 9 (41) 5 (29) 8 (18) 1 (5)

Both 46 (35) 11 (46) 7 (32) 5 (29) 18 (40) 5 (23)

Unspecified 10 (8) 0 0 0 0 10 (45)

Relation to irradiation field — no. (% † 74 NA 22 5 45 2

Within field 15 (20) NA 5 (23) 2 (40) 8 (18) 0

Outside field 33 (45) NA 12 (54) 2 (40) 19 (42) 0

Both 25 (34) NA 5 (23) 1 (20) 18 (40) 1 (50)

Unspecified or not applicable 1 (1) NA 0 0 0 1 (50)

5-Yr relapse-free survival — % (95% CI)‡ 83 (79–87) 84 (77–89) 85 (79–90) 77 (66–85) NA NA

5-Yr event-free survival — % (95% CI) 75 (72–78) 84 (77–89) 79 (72–85) 73 (61–81) 79 (73–84) 24 (13–36)

Death — no. (%) 131 16 28 18 31 38

Progressive disease 63 (48) 9 (56) 7 (25) 7 (39) 21 (68) 19 (50)

Treatment-related

Initial treatment 16 (12) 0 2 (7) 1 (6) 2 (6) 12 (32)

Salvage treatment 6 (5) 2 (12) 2 (7) 1 (6) 0 0

Second cancer 28 (21) 4 (25) 11 (39) 6 (33) 5 (16) 2 (5)

Intercurrent disease 16 (12) 1 (6) 5 (18) 3 (17) 2 (6) 5 (13)

Unspecified cause 2 (2) 0 1 (4) 0 1 (4) 0

5-Yr overall survival — % (95% CI) 83 (80–86) 91 (84–94) 85 (78–90) 87 (77–93) 87 (82–91) 31 (19–44)

All second cancers — no. (%) 40 6 15 7 10 2

Type of second cancer

Acute leukemia or myelodysplasia 15 (37) 1 (17) 8 (53) 4 (57) 2 (20) 0

Non-Hodgkin’s lymphoma 3 (8) 1 (17) 2 (13) 0 0 0

Solid tumor outside radiation field 15 (38) 4 (67) 2 (13) 3 (43) 4 (40) 2 (100)

Solid tumor within radiation field 6 (15) 0 3 (20) 0 3 (30) 0

Myeloma 1 (2) 0 0 0 1 (10) 0

5-Yr cumulative rate — % (95% CI) 4.7 (3.2–6.9) 4.0 (1.6–9.3) 7.8 (4.4–13.7) 3.1 (0.8–11.8) 3.2 (1.4–7.0) 10.4 (2.6–37)

* MOPP-ABV denotes mechlorethamine, vincristine, procarbazine, prednisone, doxorubicin, bleomycin, 
and vinblastine; NA not applicable; and CI confidence interval.
† The analysis was restricted to patients who received radiotherapy.
‡ The analysis of relapse-free survival was confined to the 421 patients who had a complete remission.
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Table 2. Clinical outcome

Outcome Total
(N=739)

Complete Remission Partial 
Remission 
(N=250)

No Change, Progression, 
Death, or Could Not Be 

Evaluated (N=68)
No radiotherapy

(N=161)
Radiotherapy

(N=172)
Not Randomized

(N=88)

Complete remission — no. (%)

After 4 cycles of MOPP-ABV 237 (33) 101 (63) 105 (61) 31 (35) NA NA

After 6 cycles of MOPP-ABV 421 (57) 161 (100) 172 (100) 88 (100) NA NA

Progression or relapse — no. (%) 130 24 22 17 45 22

Site of progression or relapse

Nodal only 71 (55) 18 (75) 14 (64) 10 (59) 22 (49) 7 (32)

Extranodal only 5 (4) 1 (4) 2 (9) 0 2 (4) 0

Nodal and extranodal 44 (34) 5 (21) 6 (27) 7 (41) 21 (47) 5 (23)

Unspecified 10 (7) 0 0 0 0 10 (45)

Relation to original site — no. (%

Confined to original site 49 (38) 11 (46) 6 (27) 7 (41) 19 (42) 6 (27)

New site 25 (19) 2 (8) 9 (41) 5 (29) 8 (18) 1 (5)

Both 46 (35) 11 (46) 7 (32) 5 (29) 18 (40) 5 (23)

Unspecified 10 (8) 0 0 0 0 10 (45)

Relation to irradiation field — no. (% † 74 NA 22 5 45 2

Within field 15 (20) NA 5 (23) 2 (40) 8 (18) 0

Outside field 33 (45) NA 12 (54) 2 (40) 19 (42) 0

Both 25 (34) NA 5 (23) 1 (20) 18 (40) 1 (50)

Unspecified or not applicable 1 (1) NA 0 0 0 1 (50)

5-Yr relapse-free survival — % (95% CI)‡ 83 (79–87) 84 (77–89) 85 (79–90) 77 (66–85) NA NA

5-Yr event-free survival — % (95% CI) 75 (72–78) 84 (77–89) 79 (72–85) 73 (61–81) 79 (73–84) 24 (13–36)

Death — no. (%) 131 16 28 18 31 38

Progressive disease 63 (48) 9 (56) 7 (25) 7 (39) 21 (68) 19 (50)

Treatment-related

Initial treatment 16 (12) 0 2 (7) 1 (6) 2 (6) 12 (32)

Salvage treatment 6 (5) 2 (12) 2 (7) 1 (6) 0 0

Second cancer 28 (21) 4 (25) 11 (39) 6 (33) 5 (16) 2 (5)

Intercurrent disease 16 (12) 1 (6) 5 (18) 3 (17) 2 (6) 5 (13)

Unspecified cause 2 (2) 0 1 (4) 0 1 (4) 0

5-Yr overall survival — % (95% CI) 83 (80–86) 91 (84–94) 85 (78–90) 87 (77–93) 87 (82–91) 31 (19–44)

All second cancers — no. (%) 40 6 15 7 10 2

Type of second cancer

Acute leukemia or myelodysplasia 15 (37) 1 (17) 8 (53) 4 (57) 2 (20) 0

Non-Hodgkin’s lymphoma 3 (8) 1 (17) 2 (13) 0 0 0

Solid tumor outside radiation field 15 (38) 4 (67) 2 (13) 3 (43) 4 (40) 2 (100)

Solid tumor within radiation field 6 (15) 0 3 (20) 0 3 (30) 0

Myeloma 1 (2) 0 0 0 1 (10) 0

5-Yr cumulative rate — % (95% CI) 4.7 (3.2–6.9) 4.0 (1.6–9.3) 7.8 (4.4–13.7) 3.1 (0.8–11.8) 3.2 (1.4–7.0) 10.4 (2.6–37)
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receive radiotherapy died, as compared with 16 percent of those who received involved-field 

radiotherapy. Overall, 14 percent of patients had relapses. The relapses were confined to 

originally involved sites in 11 of 24 patients who did not receive radiotherapy and in 6 of 22 

patients who received involved-field radiotherapy.

Outcome among patients who did not undergo randomization
The event-free and overall survival rates among patients who were not randomly assigned 

to a treatment but who had a complete or partial remission after chemotherapy were similar 

to those among patients who underwent randomization (Fig. 3 and Table 2). Among such 

patients, the main causes of death were progressive disease and second cancers. Patients in 

whom MOPP-ABV treatment failure occurred or who could not be evaluated had a very poor 

outcome (Fig. 3 and Table 2).

Effect of pathological review
Among the 577 patients with a confirmed diagnosis of Hodgkin’s lymphoma and a complete 

or partial response to chemotherapy, the five-year event-free and overall survival rates were 

80 percent and 88 percent, respectively, as compared with 59 percent (P=0.02) and 65 per-

cent (P=0.008), respectively, among the 16 patients with a complete or partial response who 

were found not to have Hodgkin’s lymphoma after a pathological review.

Second cancers
A second cancer developed 9 to 112 months after the initiation of treatment in 6 patients 

in the group that did not receive radiotherapy and in 15 patients in the group that received 

involved-field radiotherapy; the five-year cumulative rates of second cancers were 4.0 percent 

and 7.8 percent, respectively (P=0.05) (Table 2). In the other groups, the five-year cumulative 

rates of second cancers approached that among patients with a complete remission who 

were assigned to receive no radiotherapy. Of the 15 cases of acute leukemia or myelodys-

Figure 3. Kaplan–Meier Esti-
mates of Overall Survival Accord-
ing to the Patients’ Response 
to Initial Chemotherapy and 
to Whether They Underwent 
Randomization. G1: Patients in 
complete remission randomized 
(n=333); G2: Patients in com-
plete remission not randomized 
(n=88); G3: Patients in partial 
remission (n=250); G4: Patients 
who failed initial chemotherapy 
(n=68).
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plasia, which occurred 10 to 99 months after the initiation of treatment, 13 developed in 

patients who were irradiated (including one patient who received radiation for a relapse). 

Discussion

The objective of this trial was to determine whether radiotherapy to all initially involved areas 

reduces the relapse rate among patients with stage III or IV Hodgkin’s lymphoma who have 

a complete remission after MOPP-ABV chemotherapy. Our randomized trial involving 333 

patients in complete remission failed to show that radiotherapy increases event-free or over-

all survival. These results underline the effectiveness of modern chemotherapy. Whereas a 

meta-analysis 6 suggested that chemotherapy alone is sufficient treatment provided that 

eight cycles are administered, our findings indicate that six to eight cycles of MOPP-ABV 

produce very good results. In the Southwest Oncology Group’s randomized trial of involved-

field radiotherapy, the 49 percent of patients who had a complete response after six cycles of 

nitrogen mustard, vincristine, prednisone, bleomycin, doxorubicin, and procarbazine (MOP-

BAP) were randomly assigned to receive involved field radiotherapy or no further treatment.14 

No overall benefit from radiotherapy was observed; in patients with bulky, nodular sclerosing 

Hodgkin’s lymphoma, however, the relapse-free survival rate was significantly higher after 

involved-field radiotherapy. A possible explanation for the difference between these results 

and ours is that in the Southwest Oncology Group study the number of cycles of chemo-

therapy was not changed if there was a response. Alternatively, MOPP-ABV chemotherapy 

may be a more effective regimen than the MOP-BAP regimen, reducing the potential advan-

tage of radiotherapy. In the German Hodgkin’s Study Group trial, patients with intermediate 

stages of Hodgkin’s lymphoma who were in complete remission after chemotherapy were 

assigned to receive one additional cycle of chemotherapy (49 patients) or 20 Gy of involved-

field radiotherapy (51 patients).13 There was no significant difference in outcome between 

the two groups. The Groupe d’Études des Lymphomes de l’Adulte has recently reported 

the results of a randomized trial comparing two additional cycles of doxorubicin-containing 

chemotherapy with total or subtotal nodal irradiation in patients with a complete or good 

partial remission of stage IIIB or IV Hodgkin’s lymphoma. Although the radiotherapy was 

more extensive and the dose (30 Gy) was higher than the one we used, the outcome was 

similar in the two groups.9 These randomized trials highlight the importance of a chemother-

apy-induced complete remission. The determination of complete remission is cumbersome, 

however, because it is difficult to discriminate between active disease and residual fibrosis. In 

our study, the outcome among patients with a partial response who received involved-field 

radiotherapy was similar to that among patients who were considered to be in complete 

remission after chemotherapy. However, a substantial proportion of our patients identified 

as having a partial response may actually have been in complete remission and may not have 

needed radiotherapy. In some studies, a partial remission after adequate first-line chemother-
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apy is considered an adverse prognostic factor, and immediate second-line chemotherapy, 

including high-dose regimens, is advised.9 Our results suggest that such intensification of 

treatment is unnecessary. After a median follow-up of more than six years, patients who 

received radiotherapy after a complete remission had a higher rate of death from causes 

other than Hodgkin’s lymphoma than did patients who did not receive radiotherapy. The five-

year cumulative probability of a second cancer for patients who received radiotherapy was 

nearly twice that for patients who did not receive radiotherapy. Acute leukemia or myelo-

dysplasia accounted for the majority of second cancers in the radiotherapy group. The risk 

of secondary acute leukemia is associated with the use of alkylating chemotherapy32,33 and 

especially with the dose of mechlorethamine.34 The risk of leukemia is not increased after 

radiotherapy alone,35,36 but radiotherapy may increase the risk of leukemia if it is given after 

chemotherapy.37,38 This issue remains controversial.33-39 To date, 12 of our patients have had 

a solid tumor within the radiation field. Since the risk of solid tumors is expected to increase 

after radiotherapy, however, radiotherapy should be avoided whenever possible. Combina-

tion therapy with doxorubicin, bleomycin, vinblastine, and dacarbazine (ABVD), by contrast, 

is associated with a low rate of second cancers.40 

In conclusion, we found that there is no need for involved-field radiotherapy to maintain 

remission in patients with stage III or IV Hodgkin’s lymphoma who are in complete remission 

after six to eight cycles of MOPP-ABV hybrid chemotherapy. The only patients who benefit 

from radiotherapy are those in partial remission after chemotherapy.

Support for data evaluation was provided by the Ank van Vlissingen Foundation, the Nether-

lands. 

We are indebted to Peter Mauch, M.D., Ph.D., Harvard Medical School, for his suggestions and 

careful review and editing of the text.

This article is dedicated to J. Marion V. Burgers, radiation oncologist at the Netherlands Cancer 

Institute, Amsterdam, who was involved in the initiation of the trial and who died in 1997. 
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Belgium— P. van Houtte; Hôpital Universitaire Brugmann, Brussels, Belgium— M. Rauis; Hôpital 

Erasme, Brussels, Belgium— W. Feremans; University Hospital Gasthuisberg, Leuven, Belgium— Y. 

Lievens; Centre Hospitalier de Tivoli, La Louvière, Belgium—J. Michel; Institut Bergonié, Bordeaux, 

France— P. Richaud; Centre François Baclesse, Caen, France— A. Tanguy; Centre Hospitalier Général, 

Compiègne, France— P. Naccache and D. Zylberait; Hôpital Edouard Herriot, Lyons, France— D. 

Assouline; Centre Antoine Lacassagne, Nice, France— P.-Y. Bondiali and A. Thyss; Hôpital Necker–
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Enfants Malades, Paris— C. Bélanger;Hôtel Dieu, Paris— C.M. Blanc and A. Delmer;Hôpital Cochin, 

Paris—F. Dreyfus;C.M.C. Foch, Suresnes, France— E. Baumelou; Centre Alexis Vautrin, Vandoeu-

vre les Nancy, France— T. Conroy; Institut Curie, Paris— J.M. Cosset; Zentralkankenhaus, Bremen, 

Germany— C.R. Meier; Clinica Sedes Sapientiae, Turin, Italy— R. Musella; Collegium Medicum 

Uniwersytet Jagiellonski, Krakow, Poland— W. Jurczak and J. Korzeniowski; Instituto Portugues 

de Oncologia, Porto, Portugal — E. Ferreira and E.F. Vieira; Medisch Centrum Alkmaar, Alkmaar, 

the Netherlands— E.H.J.M. Rutten and L.H. Siegenbeek van Heukelom; Academic Medical Center, 

Amsterdam— F. Oldenburger; Onze Lieve Vrouwe Gasthuis, Amsterdam — K.J. Roozendaal; Sloter-

vaartziekenhuis, Amsterdam — M. Soesan; Ziekenhuis Hilversum, Hilversum, the Netherlands — S. 

Lobatto; Ziekenhuis Gooi Noord, Blaricum, the Netherlands — H.P. Muller; St. Ignatius Ziekenhuis, 

Breda, the Netherlands — G.J. Goverde; Bosch Medicentrum, ’s Hertogenbosch, the Netherlands 

— H.A.M. Sinnige; Leyenburg Hospital, Den Haag, the Netherlands — W.B.J. Gerrits and J.A.L. 

Metsaars; Catharina Ziekenhuis, Eindhoven, the Netherlands — G.J. Creemers; Atrium Medisch 

Centrum Heerlen, Heerlen, the Netherlands — M.M. Fickers; Academisch Hospital Maastricht, 

Maastricht, the Netherlands — P. Hupperets; St. Radiotherapeutisch Instituut Limburg, Heerlen, the 

Netherlands — T.A.M. Verschueren; Medisch Centrum Leeuwarden, Leeuwarden, the Netherlands 

— P. Joosten; University Medical Center Leiden, Leiden, the Netherlands — E.M. Noordijk; Erasmus 

Medical Center, Daniel den Hoed Cancer Center, Rotterdam, the Netherlands — M.J.J. Olofsen-van 

Acht; Bernard Verbeeten Instituut, Tilburg, the Netherlands — P.M.P. Poortmans; Streekziekenhuis 

Koningin Beatrix, Winterswijk, the Netherlands — A.J.M. Nielander; Sophia Ziekenhuis, Zwolle, the 

Netherlands — T.L.S.A. van Beek and M. van Marwyk Kooy. 

The following were members of the pathology-review committee:

Centre François Baclesse, Caen, France — A.-M. Mandard and J. Marnay (datamanager); Institut 

Gustave Roussy, Villejuif, France — J. Bosq; Hôtel Dieu, Paris — J. Diebold; Netherlands Cancer 

Institute, Amsterdam — D. de Jong; St. James University Hospital, Leeds, United Kingdom — K.A. 

MacLennan; and British National Lymphoma Investigation— M.H. Bennett (deceased).
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Abstract

Purpose

The use of radiotherapy in patients with advanced Hodgkin’s lymphoma (HL) is controversial. 

The purpose of this paper is to describe the role of radiotherapy in patients with advanced HL 

in partial remission (PR) after chemotherapy.

Methods and Materials

In a prospective randomized trial previously untreated stage III/IV HL patients below 70 

years were treated with six to eight cycles of MOPP/ABV (mechlorethamine, vincristine, 

procarbazine, prednisone/doxorubicin, bleomycin, vinblastine) hybrid chemotherapy. Patients 

in complete remission (CR) after chemotherapy were randomized between no further 

treatment and involved-field radiotherapy (IFRT). Those in PR after six cycles received IFRT (30 

Gy to originally involved nodal areas, 18-24 Gy to extranodal sites ± boost). 

Results

Of 739 enrolled patients, 57% achieved a CR and 33% a PR on chemotherapy. Median follow-

up was 7.8 years. Patients in PR had significantly more often bulky mediastinal involvement 

than those in CR after chemotherapy. The 8-year event-free (EFS) and overall survival (OS) 

rates for the 227 PR patients who received IFRT were 76% and 84%, respectively. These 

figures were not significantly different from those for CR patients who received IFRT (73% 

and 78%) or for those in CR who did not receive IFRT (77% and 85%). The incidence of 

second malignancies in PR patients treated with IFRT was similar to that in non-irradiated 

patients. 

Conclusions

Patients in PR after six cycles of MOPP-ABV treated with IFRT experience 8-year EFS and 

OS rates similar to that of patients in CR suggesting a definite role for radiation in these 

patients. 
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Introduction

The treatment results of patients with Hodgkin’s lymphoma (HL) have improved tremendously 

over the last decades. The potential role of radiotherapy after completion of chemotherapy 

in HL is based on the observation that relapses generally occur at initially involved sites 

and that radiotherapy will lower recurrence rates.1 The use of radiotherapy, in patients in 

complete remission (CR) or in partial remission (PR) after chemotherapy, has been a matter 

of debate for decades. Results concerning patients in PR after chemotherapy are usually not 

specified but described with either the results of patients in CR on chemotherapy2-4 or with 

those of patients with primary progressive disease (PD) or early relapse.5,6 In a recent inter-

group randomized study of advanced stage HL patients, two chemotherapy regimens (ABVD 

(doxorubicin, bleomycin, vinblastine and dacarbazine) vs. MOPP-ABV (mechlorethamine, 

vincristine, procarbazine, prednisone-doxorubicin, bleomycin, vinblastine) hybrid) were 

compared. Regardless of response, no radiotherapy was used. In patients in PR the cumulative 

relapse rate was 40-45% while it was only 20-22% in patients in complete remission; overall 

survival was not reported.7

The European Organization for Research and Treatment of Cancer (EORTC) Lymphoma Group 

has performed a randomized trial in patients with stage III/IV HL to evaluate the impact of 

radiotherapy on relapse rate in patients in CR after six to eight cycles of MOPP-ABV hybrid 

chemotherapy. Patients in CR after chemotherapy were randomized between no further 

treatment and involved-field radiotherapy (IFRT).8 IFRT did not improve the outcome of 

patients with advanced stage HL in CR after 6-8 cycles of MOPP-ABV hybrid chemotherapy. 

In this trial, patients in PR after chemotherapy, who were considered to have active residual 

disease, were all scheduled to receive IFRT. Here, we report the outcome of this important 

subset of patients with special emphasis on the role of IFRT.

Material and methods

Patients with previously untreated clinical stage III or IV HL and 15 to 70 years of age were 

eligible for the study (EORTC trial #20884). Ineligibility criteria were pathological stage 

IIIAs with splenic involvement as the only site of infradiaphragmatic disease; severe cardiac, 

pulmonary, or metabolic disease; and a previous diagnosis of cancer (except for nonmelanoma 

skin tumors and cervical carcinoma in situ). All pathological specimens were to be reviewed 

but this was not a criterion for eligibility. In 583 of the 649 patients described in this paper, 

representative lymph node biopsy samples were actually reviewed. The diagnosis of HL was 

confirmed in 559 and could not be confirmed in 24; the diagnosis of HL was uncertain in nine 

and excluded in 15 (including 10 patients with non-Hodgkin’s lymphoma (NHL)).

The protocol was submitted to and approved by the ethics committee of each participating 

center; informed consent according to local guidelines was required before enrolment.
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Pre-treatment workup
Required staging procedures on enrolment are described below table 1. After four cycles of 

chemotherapy, all examinations with initially abnormal results had to be repeated.

Bulky disease was defined as a mass of ≥10 cm (largest diameter) or a bulky mediastinum 

(mediastinum-thorax ratio ≥0.35 at T5-T6).9 A CR after chemotherapy was defined as 

the disappearance of all disease-related symptoms and measurable lesions, including 

normalization of abnormal blood parameters and findings on radiological examination and 

bone marrow–biopsy specimen. A PR after chemotherapy was defined as a decrease of 

≥50% in the product of two perpendicular diameters in all measurable and evaluable lesions, 

negative bone marrow, no disease symptoms, no new lesions.10 A CR after radiotherapy 

could either be identical to the definition of CR after chemotherapy or residual disease 

without signs of change for a period of more of than three months (rendering residual active 

disease unlikely). 

Chemotherapy
MOPP-ABV hybrid chemotherapy was administered to all patients (see previous publication 

for details8). Cycles were repeated every 28 days for a total of six to eight cycles.

Patients were evaluated for response after four cycles of chemotherapy. For those with PD 

or stable disease, treatment was individualized. All other patients received two additional 

cycles of MOPP-ABV chemotherapy. Patients who were in CR after four cycles and who 

remained in CR after six cycles were randomly assigned to receive no further treatment or 

IFRT. Patients who were in PR after four cycles and who were in CR after six cycles were 

given two additional cycles of chemotherapy before undergoing randomization. Patients 

who remained in PR after six cycles were treated with IFRT. This group of patients constitutes 

the target population for the present analysis.

Involved-field radiotherapy
All areas involved before the start of chemotherapy were irradiated, bone marrow excepted. 

Nodal areas in CR received a dose of 24 Gy and those in PR a dose of 30 Gy in fractions 

of 1.5 to 2.0 Gy (with a boost of 4 to 10 Gy when indicated). The spleen was included in 

the radiation field when paraaortic nodes were involved. In case of splenic involvement in 

the absence of known paraaortic node disease, both the spleen and paraaortic nodes were 

irradiated. In case of lung involvement, 16 Gy was prescribed after a CR, and 18 Gy after a PR 

with a boost of 4 to 10 Gy when necessary. If the liver was involved, 20 Gy of radiation was 

given. If bone was involved, 24 Gy was given to affected areas (with a boost of 10 Gy when 

indicated). Dose was defined according to the guidelines of report 29 of the International 

Commission on Radiation Units and Measurements.11 IFRT started within six to eight weeks 

after the first day of the last cycle of chemotherapy and was administered in one to three 

courses, depending on the extent of the original involvement.
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Pattern of relapse
A recurrence was defined in patients in CR after chemotherapy or radiotherapy as the 

appearance of any new lesion. PD was defined in patients in PR after chemotherapy or 

radiotherapy as increase by ≥ 50% in the size of previously involved sites. Recurrence after 

previous CR and PD after previous PR are considered a relapse in this paper.

Involved areas were divided into 11 nodal and five extra-nodal sites. Relapses were described 

with respect to localization, initial involvement, time to relapse, irradiation, radiation-dose 

and adherence to the radiation protocol.12 Major violations of the radiation protocol were 

defined as no irradiation of an originally involved area, or a total dose of < 90% of the 

prescribed dose. 

Statistical analysis
The main aim of the present study was to evaluate the outcome of patients in PR after 

chemotherapy subsequently treated with IFRT. Response to radiotherapy, pattern of relapse, 

event-free (EFS) and overall survival (OS) were the main endpoints analyzed. Patients 

treated with IFRT after reaching a PR on chemotherapy were compared to patients in CR 

after chemotherapy subgrouped into those treated with IFRT (both randomized and non-

randomized) and those not treated with IFRT. EFS was calculated from time of start of 

chemotherapy to time of first event (disease progression, relapse or death of any cause), time 

of last examination or March 1, 2005, whichever came first. OS was calculated from time of 

start of chemotherapy to time of death, time of last examination or March 1, 2005, whichever 

came first. Time to second malignancy was calculated from time of start of chemotherapy to 

time of second cancer, time of death, time of last examination or March 1, 2005, whichever 

came first. The cumulative probability of relapse was calculated as 1 minus the probability of 

surviving without developing a relapse. The cumulative probability of second malignancy was 

calculated as 1 minus the probability of surviving without developing a second malignancy.

An analysis of prognostic factors with regard to response to chemotherapy was performed 

using the Fisher’s exact test (univariate analysis) and logistic regression (multivariate analysis). 

Factors analyzed were: gender, stage (III versus IV), bulky disease (absent versus present), 

bulky mediastinal disease (absent versus present), number of nodal areas involved (< 5 versus 

≥ 5), bone marrow involvement (absent versus present), albumin level (< 40 g/L versus ≥ 40 

g/L), hemoglobin (< 10.5 g/dL versus ≥ 10.5 g/dL or < 6.5 mmol/L versus ≥ 6.5mmol/L), 

white blood cell count (< 15 x 109/L versus ≥ 15 x 109/L), International Prognostic Index (IPI 

< 3 versus IPI ≥ 3).13 EFS, OS and probability of second cancer were estimated according to 

the Kaplan–Meier method and the rates between groups were compared with use of the 

log-rank test. Ninety-five percent confidence intervals (95% CI) for the rates were estimated 

using the method of Rothman and Boice.14 Two-sided tests were used in reporting the results. 

Statistical significance was defined as a P-value of <0.01. Stata statistical software (release 

8.2) and SPSS software (release 11.5) were used to analyze data.

Forty-two centers in Europe participated. Randomization was carried out by telephone call or 

fax stratified by center. Data was stored using a specific data management program (PIGAS) 
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developed at the Institut Gustave Roussy, Villejuif, France.15 Data were updated on March 1, 

2005. The median follow-up period was 94 months (range 9-190 months). 

Results

Clinical characteristics and response to chemotherapy
From September 1989 to April 2000, a total of 739 patients were enrolled to receive 

chemotherapy (Figure 1). Of these, 422 achieved a CR and 247 a PR. In the remaining 70 

patients, seven had no change, 28 had PD on chemotherapy, 14 died during therapy, and 21 

could not be evaluated. 

Of the 247 patients in PR after chemotherapy, 20 patients were not irradiated (Figure 1). 

The characteristics and outcome of patients in PR treated with IFRT (PR-RT; n=227) were 

compared to that of patients who had reached a CR on chemotherapy but were not treated 

with radiotherapy (CR-no RT; n=246) and to patients who reached a CR on chemotherapy 

and actually received radiotherapy (CR-RT; n=176) (Figure 1).

Compared with all patients in CR after chemotherapy, patients in the PR-RT group had 

significantly more often bulky disease (P<0.001), especially bulky mediastinal disease 

(P=0.001), were less often >45 years (P=0.003) and less often displayed bone marrow 

involvement (P<0.001) (Table 1). 

After chemotherapy, residual abnormalities were observed in the mediastinum in 80% 

(182/227) of patients of the PR-RT group. The number of nodal areas in patients with residual 

abnormalities varied from zero to five (one in 62%, Table 2). The mediastinum was the only 

site of residual abnormalities in 104 of the 127 patients with only one nodal site and no 

extranodal sites of residual abnormality. In all 22 patients with extranodal remnants, the 

abnormalities were limited to one extra nodal site only. 

The 24 patients in whom the diagnosis of HL could not be confirmed on central review were 

equally distributed among the three subgroups of patients.

Toxicity of IFRT (WHO toxicity criteria)
Grade 3-4 radiation-related hematological toxicity occurred in 53% of patients and correlated 

with previous severe toxicity due to chemotherapy (P=0.01). There were no differences in 

grade 3-4 radiation-related hematological, neurological and digestive tract toxicity between 

patients irradiated after reaching a PR or CR on chemotherapy. Grade 3-4 radiationpneumonitis 

was observed in < 1% of the PR or CR patients who were irradiated (Table 3). No toxic deaths 

were observed after radiotherapy. During long-term follow-up radiation-pneumonitis was 

reported in < 1% in the PR-RT group and in 2% in the CR-RT group.
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Figure 1. Flow chart of EORTC trial #20884 including numbers of patients according to response to 
chemotherapy and application of radiotherapy

MOPP-ABV  mechlorethamine, vincristine, procarbazine, prednisone-doxorubicin, bleomycin and 
vinblastine
PR  Partial remission after chemotherapy
CR  Complete remission after chemotherapy
IFRT  Involved Field Radiotherapy

1 PR-RT Patients in partial remission who received radiotherapy; n=227
2 CR-no RT  Patients in complete remission who are considered not to have received RT; n=246
3 CR-RT Patients in complete remission who actually received radiotherapy; n=176
* 20/247 patients in PR after chemotherapy were not irradiated because of PD between end of 
chemotherapy and start of radiotherapy (n=4), doctor refusal (n=8), patient refusal (n=4), mistake (n=1) 
and unknown reasons (n=3).
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Table 1. Clinical characteristics versus response to chemotherapy

All (n=739)(%) PR-RT (n=227) CR-no RT (n=246) CR-RT (n=176)

Male/female ratio 1.79 1.58 2.00 1.44

Age

Median 33 30 33 34

Range 14-71 15-70 15-70 14-70

Age > 45 years 192 (26) 38 (17) 64 (26) 50 (28)

Topography

Supradiaphragmatic 106 (14) 42 (18) 27 (11) 29 (16)

Infradiaphragmatic 18 (3) 1 (<1) 7 (3) 5 (3)

Both 615 (83) 184 (81) 212 (86) 142 (81)

Stage*

IIIA 191 (26) 73 (32) 63 (26) 43 (24)

IIIB 238 (32) 69 (30) 72 (29) 66 (38)

IVA 96 (13) 31 (14) 35 (14) 21 (12)

IVB 214 (29) 54 (24) 76 (31) 46 (26)

Bulky disease† 311 (42) 116 (51) 79 (32) 72 (41)

Mediastinal involvement 598 (81) 201 (89) 194 (82) 142 (83)

Bulky mediastinum†† 208 (28) 91 (40) 44 (18) 49 (28)

Five or more nodal localizations§ 310 (42) 95 (42) 112 (46) 62 (35)

Extranodal localizations

Lung involvement 132 (18) 48 (21) 37 (15) 30 (17)

Liver involvement 77 (10) 12 (5) 28 (11) 16 (9)

Bone involvement 32 (4) 6 (2) 9 (5) 8 (4)

Bone marrow involvement 83 (11) 7 (3) 45 (18) 18 (10)

Number of visceral localizations 

among patients with stage IV 

1 203 (66) 61 (72) 78 (70) 37 (55)

2 75 (24) 17 (20) 24 (22) 24 (36)

³3 32 (10) 7 (8) 9 (8) 6 (9)

Albumin < 40 g/l 297/596 (50) 76 (41) 100 (51) 73 (51)

Hemoglobin <10.5 g/dl 164/712 (23) 42 (19) 55 (23) 42 (24)

WBC ³ 15.0 x 109/l 125/711 (18) 50 (22) 36 (15) 25 (15)

IPI || ³ 3 231/579¶ (40) 57/182¶ (31) 79/187¶ (42) 53/141¶ (38)

Abbreviations: PR: partial remission; RT: radiotherapy; CR: complete remission; WBC: white blood cell 
count; IPI: International Prognostic Index
* Staging procedure: physical examination, complete blood count, erythrocyte sedimentation rate, serum 
biochemical tests, plain chest X-ray, computed tomography (CT) of the chest, ultrasonography of the 
liver and spleen, bipedal lymphangiography in the early years of the trial later fully replaced by abdominal 
CT-scan, and unilateral bone marrow biopsy. Liver biopsy, bone scanning and gallium scintigraphy were 
performed only if indicated but were not required.
† Bulky disease was defined as a mass of at least 10 cm (largest diameter) or a bulky mediastinum.
†† Bulky mediastinum was defined, in patients with mediastinal involvement, as a ratio of mediastinum to 
thorax of at least 0.35 at the level of T5 through T6 while the patient was standing. 
§ The median number of initial nodal localizations was 4 for all groups.
|| International Prognostic Index; only 6 of the 7 prognostic parameters were available in the database 
since information on lymphocytopenia was not collected. 
¶ Number of patients for whom the IPI could be determined.
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Outcome 
The outcome of patients who were in PR after chemotherapy and received IFRT was similar 

to that of patients who were in CR after chemotherapy confirming our previous reports 8,16: 

the 8-year EFS rates were 76% , 77% and 73% for patients in the PR-RT, CR-no RT and the 

CR-RT groups, respectively; the 8-year OS rates were 84% , 85%  and 78% , respectively 

(Table 4, Figures 2a and 2b). 

On evaluation two to three months after radiotherapy 154/227 patients had reached a CR 

while after three to 38 months 209/227 patients were classified as CR without additional 

treatment reflecting either slow improvement of residual abnormalities or stable residual 

abnormalities interpreted as fibrosis. Among the 209 patients who achieved a CR after 

radiotherapy the 8-year EFS and OS rates were 82% (95% CI, 75-87%) and 90% (95% CI, 

Table 2. Number of nodal areas with residual abnormalities versus location of residual disease and 
number of extranodal sites with residual abnormalities in 227 patients in PR after chemotherapy

Number of nodal 

areas in PR*

Residual abnormalities 

mediastinum

Residual abnormalities 

paraaortic area

Extranodal areas in PR after 

chemotherapy

No Yes No Yes No Yes

0 2 0 2 0 0 2

1 23 118 131 10 127 14

2 14 35 29 20 46 3

≥ 3 6 29 13 22 32 3

Total (%) 45 (20%) 182 (80%) 175 (77%) 52 (23%) 205 (91%) 22 (9%)†

Abbreviations: Abbreviations: PR: partial remission; IFRT: involved-field radiotherapy. Data in parentheses 
are percentages of all patients in PR treated with IFRT.
* Irrespective of number of extranodal areas in PR.
† 14/22 residual abnormalities in lungs.

Table 3. Treatment-related acute WHO grade 3 or 4 toxicity by patient group

PR-RT

(n=227) (%)

CR-no RT

(n=246) (%)

CR-RT

(n=176) (%)

Related to chemotherapy

Hematological 105  (46) 143  (58) 97  (55)

Neurological 9 (4) 11 (4) 15 (9)

Digestive * 16 (7) 32  (13) 23  (13)

Related to radiotherapy

Hematological 35  (15) - 31  (18)

Pulmonary 1 (<1) - 2 (1)

Digestive * 12 (5) - 14 (8)

Abbreviations: WHO: World Health Organization; other abbreviations as in Table 1.
*WHO grade 3 digestive toxicity includes among other issues vomiting requiring therapy or intolerable 
diarrhea requiring therapy.
WHO grade 4 digestive toxicity includes among other issues intractable vomiting or diarrhea leading to 
hemorrhagic dehydration. 
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Table 4. Causes of death and incidence of second cancers by patient group

PR-RT 

(n=227) (%)

CR-no RT 

(n=246) (%)

CR-RT

(n=176) (%)

Death number (%) 32 (14) 31 (13) 34 (19)

Progressive disease 17 17 6

Treatment-related 2 3 6

Initial treatment 2 1 2

Salvage treatment 0 2 4

Second cancer 7 8 15

Intercurrent 5 3 6

Cause unspecified 1 0 1

8-year EFS (95% CI) 76% (69-81) 77% (70-82) 73% (65-80)

8-year OS (95% CI) 84% (78-89) 85% (79-89) 78% (70-84)

All second malignancies 9 11 18

Type of second malignancy

Acute leukemia or myelodysplasia 2 3 10

Non Hodgkin lymphoma 0 1 2

Solid tumor outside radiation field 3 7 3

Solid tumor within radiation field 3 0 3

Myeloma 1 0 0

Second malignancies

After 6 cycles 9 / 208 6 / 153 13 / 106

After 8 cycles* 0 / 19 mei-93 mei-70

8-year cumulative second cancer rate (95% CI)

(P value: 0.0177†)

5.7% (3.0-10.8) 5.6% (3.0-10.1) 12.9% (8.0-20.3)

Abbreviations: EFS: event-free survival; OS: overall survival; CI: confidence interval; other abbreviations as 
in Table 1.
* 19/227 patients received by mistake eight cycles of chemotherapy instead of six as prescribed in the 
protocol.
† I.e. comparison between the three groups.

Figure 2. Patients in complete or partial remission after chemotherapy. Kaplan–Meier estimates of 
event-free (2-a) and overall (2-b) survival for patients in partial remission after chemotherapy who were 
irradiated (PR-RT, solid line; n=227), patients in complete remission who were not irradiated (CR-no RT, 
dotted line; n=246) and those who were irradiated (CR-RT, dashed line; n=176).

a b

70

Chapter 3



84-94%), respectively, whereas they were much poorer in patients who never reached a CR 

(6% (95% CI, 0-22%) and 7% (95% CI, 0-26%); Data not shown). Of the 18 patients who 

never reached a CR after radiotherapy, 15 developed PD of whom 13 successively died. Of 

the remaining patients, one died of complications and one of an intercurrent cause. In those 

who did not achieve a CR most events occurred in the first two years after completion of 

radiotherapy. 

In the logistic regression analysis based on the overall population (N=739), bone marrow 

involvement was associated with higher chance of reaching a CR after chemotherapy (Odds 

ratio 2.57, 95% CI 1.47-4.53; P<0.001) and bulky mediastinal disease with a lower chance of 

reaching a CR after chemotherapy (Odds ratio 0.49, 95% CI 0.35-0.69; P<0.001).

Pattern of relapse
After a median follow-up time of 94 months, 108 of the 649 patients detailed in this paper 

had relapsed (Table 5).

Evaluation of adherence to protocol showed that violation to the radiation protocol had no 

influence on RFS relapse rate in PR patients after chemotherapy nor in CR patients who were 

irradiated.12

Table 5. Description of pattern of relapse

PR-RT

(n=227)

CR-no RT

(n=246)

CR-RT

(n=176)

Number of relapses (% per group) 40 (18) 43 (17) 25 (14)

Site of relapse (% of total per group)

Nodal only 20 (9) 28 (11) 16 (9)

Extranodal only 2 (1) 2 (1) 2 (1)

Both nodal and extranodal 18 (8) 13 (5) 7 (4)

Original involvement and irradiation *

(% of total per group)

Involved irradiated 28 (12) 0 (0) 14 (8)

Involved not irradiated 9† (4) 35 (14) 2 †(1)

Previously uninvolved not irradiated 25 (11) 24 (10) 18 (10)

Previously involved irradiated and previously uninvolved 

not irradiated

15 (7) 0 (0) 7 (4)

8-year cumulative relapse rate (95%CI)

No major violations of the radiotherapy protocol 27 / 156 17 / 123

18% - 16%

(12%-26%) (10%-26%)

One or more major violations of the radiotherapy protocol 13 / 71 aug-53

19% - 16%

(11%-30%) (8%-29%)

Abbreviations: CI: confidence interval; other abbreviations as in table 1.
*  Patients can be listed in more than one category.
†  Major violations of radiotherapy protocols: no irradiation of an originally involved area or total dose 
< 90% of the prescribed dose.
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Second malignancies
The incidence rates of second malignancies did not significantly differ from those published 

previously.8 The distribution of the 15 patients with acute leukemia/myelodysplasia is shown 

in table 4. There were no differences in extent of radiation between the CR-RT and the PR-

RT groups; the radiation-dose in the PR-RT group was higher. No relationship was noticed 

between the number of chemotherapy cycles and the risk of acute leukemia though the 

number of events was small.

Discussion

After a median follow-up of almost 8 years the outcome of patients with advanced HL in PR 

after six cycles of MOPP-ABV hybrid chemotherapy who received IFRT is as good as that of 

patients in CR after chemotherapy suggesting a definite role for radiation in patients in PR on 

adequate chemotherapy. 

The optimal treatment of adult patients with advanced HL has been controversial for many 

decades. In table 6 a selection of mostly recently published trials considering patients with 

advanced HL are summarized. Comparisons between trials must be made with caution 

because the characteristics of patients included in the trials may differ and for some trials 

the overall results are presented whereas for others the results involved patients with 

a certain response to chemotherapy only. In general there is agreement on the use of 

anthracyclin-containing chemotherapy for patients with advanced HL. The value of additional 

radiotherapy, however, has been long debated. Some authors advocate primary treatment 

with chemotherapy alone to avoid the toxicity of radiotherapy, accepting lower EFS rates2,7; 

others, however, favor combined modality consisting of chemotherapy and radiotherapy on 

indication.2-4,8,16-18 (Table 6) 

Furthermore other authors recommend treatment intensification in case of response of 

< 75%.5 In the current trial we have shown that radiotherapy does not improve the outcome 

of patients who have achieved a CR on chemotherapy. Patients in PR on chemotherapy 

received IFRT to all initially involved sites of disease and their outcome is similar to that of 

patients in CR. Importantly most patients in PR only had one nodal area displaying residual 

abnormalities. Probably radiotherapy to remnants can replace IFRT19, significantly reducing 

the exposure of normal tissues. Limiting radiation volume and dose are expected to decrease 

the risks of cardiovascular toxicity20 and of second cancers.21,22

Data on the optimal treatment strategy in advanced stages of HL are difficult to interpret. 

First, response is not uniformly defined; while some authors define a PR as a ≥ 50% decrease, 

others use a ≥ 75% decrease in the product of two perpendicular diameters in all measurable 

and evaluable lesions, in conjunction with negative bone marrow, no disease symptoms 

and no new lesions. Furthermore, patients in PR after chemotherapy are often analyzed 

together with patients with primary PD and those with an early relapse after reaching a CR 
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with chemotherapy with or without radiotherapy. For instance, the Groupe d’Études des 

Lymphomes de l’Adulte5 advocates high-dose chemotherapy with peripheral stem cell support 

for patients in PR of < 75% after chemotherapy, based on their results from 157 patients 

with failure to induction chemotherapy (n=67), relapse (n=68) or PR of < 75% (n=22). In our 

opinion the power of this study was too limited to advise treatment intensification for patients 

in PR after induction chemotherapy. Furthermore in the Intergroup HD01 trial23 and the 

Scotland and Newcastle Lymphoma Group HD3 trial24, no benefit of early intensification with 

high-dose chemotherapy and autologous stem-cell transplantation could be demonstrated 

over standard treatment in groups of patients assumed to be at high risk for failure. Besides 

high-dose chemotherapy with stem cell support is accompanied by acute treatment-related 

deaths in up to 8% of the patients5,23-26; long-term toxicity may also be considerable.27

In order to a priori identify a group of patients who might benefit from more or less intensive 

therapy the pre-treatment clinical characteristics of patients obtaining a CR after six cycles 

of MOPP-ABV hybrid chemotherapy were examined. The multivariate analysis on CR after 

chemotherapy performed on the overall dataset showed a significantly decreased probability 

to reach a CR in case of bulky mediastinal disease. As expected when comparing patients 

who reached a PR on chemotherapy and were irradiated with those who reached a CR, 

significantly more patients with bulky (mediastinal) disease at start of treatment, were found 

in the PR group. However, the only factor that correlated with final treatment outcome was 

response to radiotherapy: those (n=18) who never reached a CR after radiotherapy had a 

distinctly poor outcome. Apparently we need other, probably biologic, parameters to predict 

treatment outcome.28-32

It is likely that among patients in PR a substantial proportion did not truly have active 

residual disease and is possibly over-treated with IFRT. Although more sophisticated imaging 

techniques are available nowadays, it is still difficult to discriminate between active disease 

and fibrosis. During the inclusion-period of the current study imaging techniques have 

evolved. Lymphographies have been replaced by CT-scans and the image quality of CT-scans 

has improved significantly. Furthermore the diagnostic accuracy of the nowadays frequently 

used [(18)F]fluorodeoxyglucose positron emission tomography (FDG-PET) scan is significantly 

higher than that of CT; a high negative predictive value has been reported in most studies.33 

A negative PET scan after completion of therapy, however, does not exclude the presence of 

residual microscopic disease.34 In addition, although a positive post-treatment FDG-PET-scan 

is a strong indicator of residual active disease, all series have identified false positive scans 

in 5-10% of patients.35-37 The value of FDG-PET-scans will be clarified by studies like the 

German Hodgkin Study Group ongoing study in patients with advanced HL.38

In the current evaluation we observed differences in cumulative rates of second malignancies 

especially leukemia/MDS between the different treatment groups. Unfortunately, this 

remarkable finding cannot be satisfactorily explained by a more detailed analysis of this 

relatively small number of events. Apparently, the regimen itself and/or the extent of 

treatment cannot be held responsible for the observed differences. Therefore we cannot rule 

out this finding to have occurred by chance.
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In conclusion, patients with advanced HL in CR with six to eight cycles of adequate 

anthracycline-based chemotherapy do not benefit from additional radiotherapy. Those with 

residual abnormalities after six cycles of chemotherapy have an excellent clinical outcome 

with additional radiotherapy delivered to these remnants. After a median follow-up of 8 

years no excess toxicity has emerged. Adaptations of treatment according to the results of 

more reliable response assessments will further refine treatment decisions in order to restrict 

radiotherapy to patients who really need it. 
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Table 6. Overview of publications including adult patients with advanced HL

Eligible patients Treatment N Failure Significance Survival Significance

Chemotherapy only

Canellos, G.P.2; stage IIIA2, IIIB and IVA or IVB HL A: 6-8 MOPP alone, no RT 123 5-year FFS: 50% MOPP versus other: P=0.02 5-year OS: 66% MOPP versus other: P=0.28

B: MOPP alternating with ABVD  12 

cycles, no RT

123 5-year FFS: 65% 5-year OS: 75%

C: 6-8 ABVD alone, no RT 115 5-year FFS: 61% 5-year OS: 73%

Duggan, D.B.7; stage III2A, IIIB or IV HL or relapse 

after definitive RT

A: 8-10 ABVD, no RT 433 5-year FFS: 63% P=0.42 5-year OS: 82% P=0.82

B: 8-10 MOPP-ABV hybrid, no RT 419 5-year FFS: 66% 5-year OS: 81%

Chemotherapy with or without radiotherapy (by randomization)

Fabian, C.J.39 stage III or IV HL in CR after 

chemotherapy

A: 6 MOP-BAP, no RT 143 * 5-year RFS: 66% P>0.2 5-year OS: 79% P=0.14

B: 6 MOP-BAP + IFRT 135 † 5-year RFS: 74% 5-year OS: 86%

Fermé, C.40,41 stage IIIB/IV in CR or good PR 

after 6 cycles of chemotherapy

A: 6 MOPP-ABV hybrid + 2 MOPP- 

ABV hybrid

92 5-year DFS: 80% P=0.01 for comparison of the 4 

treatment arms; P=0.07 between 

the 2 consolidation arms after 

stratification of induction regimen††

5-year OS: 85% P=0.01 for comparison of 

the 4 treatment arms; 

B: 6 MOPP-ABV hybrid + (S)TNI 114 5-year DFS: 82% 5-year OS: 88% A vs. C: P=0.2; 

C: 6 ABVPP + 2 ABVPP 116 5-year DFS: 68% 5-year OS: 94% B vs. D: P=0.002††

D: 6 ABVPP + (S)TNI 96 5-year DFS: 75% 5-year OS: 78%

Aleman, B.M.P., 

Raemaekers, J.M.M.8
stage IIIA or IV HL in CR after 

chemotherapy

A: 6-8 MOPP-ABV, no further  

treatment

161 5-year EFS: 84% P=0.35 5-year OS: 91% P=0.07

B: 6-8 MOPP-ABV + IFRT 172 5-year EFS: 79% 5-year OS: 85%

CT and radiotherapy on indication 

Horning, S.J.17 stage III or IV HL or patients with 

bulky mediastinal disease

Stanford V + RT in case of bulky 

mediastinal disease, nodal masses 

 5 cm, macroscopic nodules in an 

intact spleen on CT-scan (87% 

plus RT)

47 5-year FFS: 83% not applicable 5-year OS: 96% not applicable

Diehl, V. 3 unfavorable stage IIB or IIIA or 

stage IIIB or IV HL

A: COPP-ABVD+ RT on originally  

bulky disease or residual  tumor 

(64% plus RT)

260 5-year FFTF: 69% § P=0.04 for comparison with 

the COPP-ABVD group;

5-year OS: 83% # P=0.002 for comparison 

with COPP-ABVD; 

B: BEACOPP baseline+ RT on  

originally bulky disease or  residual 

tumor (71% plus RT)

469 5-year FFTF: 76% § || P<0.001 for comparison with 

the COPP-ABVD group

5-year OS: 88% ** P=0.06 for comparison 

with standard BEACOPP

C: BEACOPP escalated+ RT on  

originally bulky disease or  residual 

tumor (71% plus RT)

466 5-year FFTF: 87%  

|| ¶

¶ P<0.001 for comparison with the 

standard BEACOPP

5-year OS: 91%  #**

Radford, J.A. 4 unfavorable stage I or II HL or 

stage III or IV HL

ChlVPP/EVA hybrid + RT on 

originally bulky disease or residual 

abnormalities

144‡‡ 5-year EFS: 78% P=0.0006 5-year OS: 89% P=0.04

VAPEC-B + RT on originally bulky 

disease or residual abnormalities

138§§ 5-year EFS: 58% 5-year OS: 79%
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stratification of induction regimen††

5-year OS: 85% P=0.01 for comparison of 

the 4 treatment arms; 

B: 6 MOPP-ABV hybrid + (S)TNI 114 5-year DFS: 82% 5-year OS: 88% A vs. C: P=0.2; 

C: 6 ABVPP + 2 ABVPP 116 5-year DFS: 68% 5-year OS: 94% B vs. D: P=0.002††

D: 6 ABVPP + (S)TNI 96 5-year DFS: 75% 5-year OS: 78%

Aleman, B.M.P., 

Raemaekers, J.M.M.8
stage IIIA or IV HL in CR after 

chemotherapy

A: 6-8 MOPP-ABV, no further  

treatment

161 5-year EFS: 84% P=0.35 5-year OS: 91% P=0.07

B: 6-8 MOPP-ABV + IFRT 172 5-year EFS: 79% 5-year OS: 85%

CT and radiotherapy on indication 

Horning, S.J.17 stage III or IV HL or patients with 

bulky mediastinal disease

Stanford V + RT in case of bulky 

mediastinal disease, nodal masses 

 5 cm, macroscopic nodules in an 

intact spleen on CT-scan (87% 

plus RT)

47 5-year FFS: 83% not applicable 5-year OS: 96% not applicable

Diehl, V. 3 unfavorable stage IIB or IIIA or 

stage IIIB or IV HL

A: COPP-ABVD+ RT on originally  

bulky disease or residual  tumor 

(64% plus RT)

260 5-year FFTF: 69% § P=0.04 for comparison with 

the COPP-ABVD group;

5-year OS: 83% # P=0.002 for comparison 

with COPP-ABVD; 

B: BEACOPP baseline+ RT on  

originally bulky disease or  residual 

tumor (71% plus RT)

469 5-year FFTF: 76% § || P<0.001 for comparison with 

the COPP-ABVD group

5-year OS: 88% ** P=0.06 for comparison 

with standard BEACOPP

C: BEACOPP escalated+ RT on  

originally bulky disease or  residual 

tumor (71% plus RT)

466 5-year FFTF: 87%  

|| ¶

¶ P<0.001 for comparison with the 

standard BEACOPP

5-year OS: 91%  #**

Radford, J.A. 4 unfavorable stage I or II HL or 

stage III or IV HL

ChlVPP/EVA hybrid + RT on 

originally bulky disease or residual 

abnormalities

144‡‡ 5-year EFS: 78% P=0.0006 5-year OS: 89% P=0.04

VAPEC-B + RT on originally bulky 

disease or residual abnormalities

138§§ 5-year EFS: 58% 5-year OS: 79%
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Federico, M. J.23 advanced unfavorable HL in CR 

or PR after 4x ABVD or other 

anthracycline containing regimen

A: HDT + ASCT + IFRT in  case of 

initial bulky disease of  residual 

masses 

83 5-year FFS: all: P=0.4 5-year OS all: P=0.99

all: 75% PR: P=0.4 all: 88% PR: P=0.6

PR: 66% PR: 86%

B: 4 cycles of conventional  

chemotherapy + IFRT in  case of 

initial bulky disease of  residual 

masses

80 5-year FFS 5-year OS 

all: 82% all: 88% 

PR: 77% PR: 88%

Gobbi, P.42 stage IIB,III or IV HL A: ABVD + RT on previously bulky 

or partially remitting disease

122 5-year FFS: 78% Stanford V vs. 2 other regimens: 

P<0.01

5-year OS: 90% A vs. C: P=0.33

B: Stanford V + RT on previously 

bulky or partially remitting 

disease||||

107 5-year FFS: 54% 5-year OS: 82% A vs. B: P=0.04

C: MOPPEBVCAD + RT on 

previously bulky or partially 

remitting disease

106 5-year FFS: 81% 5-year OS: 89% C vs. B: P=0.33

Eligible patients Treatment N Failure Significance Survival Significance

* 130 received no further therapy
† 104 received IFRT
†† Long-term follow-up data confirm conclusion 41

‡‡ Of whom, 76 with Stage III or IV
§§ Of whom, 79 with stage III or IV
|||| This regimen deviated from the original Stanford V schedule; radiation was only given to 
originally bulky sites and sites in partial remission after chemotherapy.

Abbreviations general:
CR: Complete Remission
EFS: Event-Free-Survival
FFS: Failure Free Survival
FFTF: Freedom From Treatment Failure 
HDT + ASCT= high-dose therapy (HDT) with autologous stem-cell transplantation (ASCT) 
(IF)-RT: (Involved-Field) - Radiotherapy
OS: Overall Survival
PR: Partial Remission
(S)TNI: (Sub) Total Nodal Irradiation

Table 6. Continued
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Federico, M. J.23 advanced unfavorable HL in CR 

or PR after 4x ABVD or other 

anthracycline containing regimen

A: HDT + ASCT + IFRT in  case of 

initial bulky disease of  residual 

masses 

83 5-year FFS: all: P=0.4 5-year OS all: P=0.99

all: 75% PR: P=0.4 all: 88% PR: P=0.6

PR: 66% PR: 86%

B: 4 cycles of conventional  

chemotherapy + IFRT in  case of 

initial bulky disease of  residual 

masses

80 5-year FFS 5-year OS 

all: 82% all: 88% 

PR: 77% PR: 88%

Gobbi, P.42 stage IIB,III or IV HL A: ABVD + RT on previously bulky 

or partially remitting disease

122 5-year FFS: 78% Stanford V vs. 2 other regimens: 

P<0.01

5-year OS: 90% A vs. C: P=0.33

B: Stanford V + RT on previously 

bulky or partially remitting 

disease||||

107 5-year FFS: 54% 5-year OS: 82% A vs. B: P=0.04

C: MOPPEBVCAD + RT on 

previously bulky or partially 

remitting disease

106 5-year FFS: 81% 5-year OS: 89% C vs. B: P=0.33

Eligible patients Treatment N Failure Significance Survival Significance

Abbreviations chemotherapy:
ABVD: doxorubicin, bleomycin, vinblastine and dacarbazine 
ABVPP: doxorbubine, bleomycin, vinblastine, procarbazine, prednisone
BEACOPP: bleomycin, etoposide, adriamycin, cyclophosphamide, vincristin, procarbazine and 

prednisone 
ChlVPP/EVA: chlorambucil, vinblastine, procarbazine, and prednisone/etoposide, vincristine, and 

doxorubicin 
COPP-ABVD: cyclophosphamide, vincristine, procarbazine, and prednisone alternating with doxorubicin, 

bleomycin, vinblastine, and dacarbazine 
MOPP: mechlorethamine, vincristine, procarbazine, prednisone
MOPP/ABV: mechlorethamine, vincristine, procarbazine, prednisone / doxorubicin, bleomycin, 

vinblastine 
MOPBAP nitrogen mustard, vincristine, prednisone, bleomycin, doxorubicin, and procarbazine
Stanford V: doxorubicin, vinblastine, mechlorethamine, etoposide, vincristine, bleomycin, prednisone
VAPEC-B: doxorubicin, cyclophosphamide, etoposide, vincristine, bleomycin, and prednisolone
MOPPEBVCAD: mechlorethamine, vincristine, procarbazine, prednisone, epidoxirubicin, bleomycin, 

vinblastine, lomustine, doxorubicin, and vindesin 

Table 6. Continued
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Abstract

Purpose

To evaluate the impact of the quality of involved-field-radiotherapy (IFRT) on clinical outcome 

in patients with advanced Hodgkin’s Lymphoma (HL) in complete remission (CR) after 6-8 

cycles of MOPP-ABV chemotherapy.

Methods and materials

A retrospective review of clinical and radiological data, radiation charts, simulator films and 

MV-photographs was performed. IFRT consisted of 24 Gy to all initially involved nodal areas 

and 16-24 Gy to all initially involved extranodal sites. Major violations were defined as no or 

only partial irradiation of an originally involved area, or a total dose < 90% of the prescribed 

dose. 

Results

Of the 739 patients who were enrolled in the trial between 1989 and 2000, 57% achieved 

a CR; 152/172 patients randomized to IFRT actually received radiotherapy; in 135 patients 

quality control was performed. The overall major violation-rate was 47%, predominantly 

concerning target volumes. The total dose was correct in 81% of the patients. After a median 

follow-up of 6.5 years there was no difference in cumulative failure rate between patients 

with or without major violations. There was no relationship between incidence or site of 

relapse and major protocol violations.

Conclusion

In advanced stage HL patients in complete remission after 6-8 cycles of MOPP-ABV, the 

outcome was not influenced by violation of the radiotherapy protocol.
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Introduction

The role of radiotherapy after completion of chemotherapy in patients with advanced Hodgkin’s 

lymphoma (HL) stems from the observation that relapses usually occur at initially involved 

sites and that radiotherapy decreases the recurrence rates1. The results of several randomized 

studies, however, raised questions on the benefit of adjuvant radiotherapy.1-7 Therefore the 

European Organization for Research and Treatment of Cancer (EORTC) Lymphoma Group 

has performed a randomized trial to determine whether radiotherapy reduces relapse rate in 

patients with stage III or IV HL who achieve a complete remission after 6 to 8 cycles of MOPP-

ABV hybrid chemotherapy. The main results of the trial have recently been published.8 We 

demonstrated that involved-field-radiotherapy (IFRT) does not add to the outcome of patients 

already in complete remission after chemotherapy. In order to exclude the possibility that a 

benefit of radiotherapy could not be demonstrated because of errors in its application, a 

quality control study was performed retrospectively. We initiated this evaluation of the quality 

of the radiotherapy already before the final results of our randomized trial were available. 

Only the patients who were randomized to receive IFRT after reaching a complete remission 

on 6-8 cycles of MOPP-ABV were evaluated.

Patients and methods

Treatment
Patients who were randomized to receive radiotherapy in the EORTC trial (#20884) on the 

role of radiotherapy in advanced HL were eligible for this study 8. In summary in the EORTC 

trial patients with previously untreated stage III or IV HL, aged 15 to 70 years, were treated 

with MOPP-ABV hybrid chemotherapy. Chemotherapy was given to a total of 6 to 8 cycles. 

Patients were evaluated for response after 4 cycles. Those with progressive disease or no 

change went off study. All others received 2 additional cycles of chemotherapy. Patients in 

early complete remission (after 4 cycles) and still in complete remission after 6 cycles were 

randomly assigned to no further treatment or involved-field radiotherapy. Patients in partial 

remission after 4 cycles but in complete remission after 6 cycles (late complete remission) 

were given 2 additional cycles of chemotherapy before random assignment. Patients still 

in partial remission after 6 cycles stopped chemotherapy and were treated with involved-

field radiotherapy. Complete remission was defined as disappearance of all disease-related 

symptoms and measurable lesions including normalization of abnormal blood values, X-rays 

and bone marrow.9

A consultation of the treating radiation-oncologist was highly recommended before the start 

of chemotherapy to assess size and location of enlarged nodes. The treatment position was 

not prescribed. In case of parallel-opposed irradiation, treatment of both fields on every 

treatment day was recommended. All areas involved before the start of chemotherapy were 
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irradiated except for bone marrow. As to irradiation of the mediastinum, involvement was 

determined at the start of the irradiation, taking shrinking by chemotherapy into account in 

the lateral direction. The hila were to be included if they were involved previously. If only one 

hilum was involved the whole mediastinum was to be irradiated as well. The upper border 

of the mediastinal fields was at the upper margin of the first ribs. The lower margin included 

Th10 but in case of involvement of the upper mediastinum only the lower border could be 

chosen 4 cm below the extent of the tumor prior to the start of chemotherapy. In case of 

involvement of a lymph node area, the whole area was considered to be the target volume 

(Figure 1). In case of lung or liver involvement the whole organ had to be irradiated. In case 

of bone involvement the original site of the disease had to be irradiated with a margin of 2 to 

3 cm. Adjacent clinically uninvolved areas were not irradiated prophylactically.

Patients received radiotherapy to nodal regions with a dose of 24 Gy in fractions of 1.5 to 

2.0 Gy. The spleen was included in the radiation field when there was para-aortic node 

involvement. If the spleen was involved without known para-aortic node disease, radiation 

fields encompassed both the spleen and the para-aortic nodes. In case of initial lung 

involvement, 16 Gy was prescribed using 1/3-dose reduction blocks; involved liver was given 

Figure 1. Schematic representation of radiation fields for nodal areas.
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20 Gy and involved bone 24 Gy. The dose was defined according to the guidelines of the 

International Commission on Radiation Units and Measurements Report 29 10. Involved-field 

radiotherapy started within 6 to 8 weeks after the first day of the last chemotherapy cycle 

and was administered in 1 (n=49), 2 (n=80) or 3 sequential episodes (n=6) depending on the 

extent of original involvement. The interval between the end of one and the beginning of the 

next course of radiotherapy was 2-3 weeks.

Quality control radiotherapy
Clinical records/letters, relevant radiological information, radiation charts, simulator and 

portal films of all patients randomized to IFRT and who were actually irradiated, were 

collected for review by a panel of radiation oncologists. In order to certify uniformity of 

collection of data central reviewers were appointed per country (RB, TG, RvdM, PM, RT); 

one central reviewer was appointed to assure homogeneous reviewing (BA). In addition to 

the evaluation of adherence to the protocol concerning radiotherapy delivery, an evaluation 

of response assessment was examined by reviewing the available diagnostic information 

(clinical records, letters, radiographs, CT-scans and lymphographies). For the review of the 

Dutch patients the evaluation was done by one central radiologist (SS); for other patients the 

review was done by the radiation oncologists performing the evaluation of the radiotherapy 

data with a second opinion of a local radiologist on indication. 

To investigate the degree of consistency, the case registration forms (CRFs), which were 

gathered prospectively during the execution of the trial, were compared with the data 

obtained by the quality control group.

Definition of protocol violations
Major protocol violations were defined as omission of irradiation of an originally involved 

area, incomplete irradiation of an originally involved area or a dose to the target volume 

below 90% of the dose prescribed in the protocol. Omission of irradiation of the spleen in 

case of involvement of the para-aortic lymph nodes and vice versa omission of irradiation 

of the para-aortic lymph nodes in case of involvement of the spleen, however were not 

considered to be major violations.

Statistical considerations
Relapse-free survival was calculated from the date of assessment of complete remission (after 

4 or 6 cycles of chemotherapy) to the date of first relapse, the date of last examination, the 

date of death or June 1, 2002, whichever came first (dates as used in previous publication8). 

Relapse-free survival, and the cumulative probability of relapse were estimated using the 

Kaplan-Meier method and compared using the log-rank test. Ninety-five percent confidence 

limits (95 % CL) of rates were estimated using the Rothman method 11. Two-sided tests 

were used in reporting the results. To analyze the radiotherapy quality control data the SPSS 

software (release 11.5) was used; the Stata statistical software was used to analyze survival 

data 12. 
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Results

Availability of data
Of the 739 patients included in the trial, 422 (57%) achieved a complete remission on 

chemotherapy.8 Of these 161 were randomly assigned to no radiotherapy and 172 to 

involved-field radiotherapy. Both groups had similar clinical characteristics.8 The median 

follow-up was 6.5 years. 152/172 patients randomized to receive radiotherapy actually 

received radiotherapy. In 135/152 the quality aspects of the radiotherapy could be examined. 

The relevant radiological information could be evaluated completely in 86/135 patients and 

partially in 20 patients. For 29 patients no radiological information was available for review.

Comparison of CRFs and quality control data
The data collected on the CRFs were compared to that collected during the quality control 

study for the original tumor involvement and for the technical aspects of the radiotherapy. In 

14/135 (10%) patients there were one or more discrepancies as to involvement of nodes or 

organs. Large differences between total doses mentioned in the CRF and that found during 

the quality control by site were observed in 3/135 patients (maximum differences: +14 Gy, 

+14 Gy and +36 Gy respectively); for 80-85% of the other patients the difference if any was 

less than 0.3 Gy. Applied to dose per fraction the observed difference was less than 0.2 Gy 

for 80-85% of the patients.

Evaluation of response 
In 28 out of 86 cases for whom response evaluation could be performed completely and 

the quality of the radiotherapy could be evaluated, there was disagreement as to originally 

involved areas. On review more areas were considered pathological in 19 patients and 

fewer areas in 9 patients. In 26 out of 86 patients for whom residual abnormalities were 

observed, the mediastinum was concerned in 20 out of 26 patients. Discrepancies in original 

involvement or tumor remnant evaluation were not related to local relapse; only 1 patient 

with remnants in the mediastinum and 2 patients with residual abnormalities in the left groin 

on review developed a relapse at those sites.

Protocol violations per area/organ
Table 1 shows the detailed information on original involvement, site of relapse, relations 

between relapse and major violations, errors in total dose and in target volume (no irradiation 

of an originally involved area/organ and inadequate covering of the target volume). Figures 2a 

shows major violations as to target volume and omission of radiotherapy versus involvement 

by nodal and extranodal area and figure 2b shows relapses and all major violations (including 

omission of radiotherapy, inadequate covering of the target volume and a total dose <90% 

of the dose prescribed in the protocol) by nodal and extranodal area. Overall 63/135 (47%) 

patients had 1 or more major violations. The most frequent (67/137; 49%) cause of a major 

violation was the omission of irradiation of an originally involved area. In addition, but not 
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counted as major violation, 28 patients who did not have involvement of the spleen but 

should have had their spleen irradiated because of para-aortic lymph node pathology and 5 

other patients should have been irradiated to the para-aortic nodes because of involvement 

of the spleen. 

Reasons for change in radiotherapy administration
Clinical reasons for omission or discontinuation of radiotherapy were as follows: 5 out of 21 

patients with lung involvement did not receive irradiation of the lung(s) because of fear of 

toxicity (2 of whom had involvement of both lungs); four patients discontinued radiotherapy 

because of intolerance. 

Pattern of failure
Overall, 41 sites of relapse were observed in 17 patients (11 and 6 in the 72 patients without 

or the 63 patients with one or more major violations, respectively). Details are given in table 

1. Five patients developed a relapse inside the radiation-field only, five both inside and outside 

Table 1. Major violations and characteristics of relapses in relation to initial involvement; 41 sites of 
relapse occurring in 17 patients.

Number of major violations Characteristics of relapses

Area Nr of pts 

with involve-

ment*

Major 

violation 

total dose

No 

irradiation 

involved 

area

Inadequate 

target 

volume

Nr of 

relapses

Relapse in 

RT field

Pts with 

major 

violation 

and relapse

Right neck 77 3 9 9 5 2 0

Left neck 77 1 6 8 3 3 0

Right axilla 32 1 3 2 3 2 0

Left axilla 36 2 4 2 2 2 0

Superior mediastinum 106 5 3 8 6‡ 5‡ 0‡

Inferior mediastinum 73 3 1 3

Para-aortic † 97 6 6 6 5 3 2

Spleen † 41 1 6 1 1 1 0

Right iliac 29 2 2 0 2 0 0

Left iliac 35 2 4 0 2 0 0

Right inguinal 15 2 5 0 2 1 0

Left inguinal 16 1 4 0 2 2 1

Liver 10 0 0 0 2 0 0

Right lung 19 1 4 0 3¶ 0¶ 0¶

Left lung 16 0 7 0

Bone 10 0 3 1 3 2 0

Nr: number; RT: radiotherapy; Pts: patients
* Number of patients with involvement among 135 patients for whom quality control was performed. 
† 112 patients had an indication for radiation of spleen and para-aortic nodes because of involvement of 
para-aortic nodes (n=97), spleen (n=41) or both (n=26); omission of radiotherapy was only scored as a 
major violation in case of actual involvement of spleen or para-aortic nodes, respectively
¶ Right and left lung together
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the radiation-field and seven outside the radiation-field only. After a median follow-up of 6.5 

years cumulative failure rate in patients with one or more major violations was 10% (95% CL: 

4 to 21%) versus 16% (95% CL: 9 to 27%) in patients without major violations (logrank test: 

p=0.31; see figure 3).

Figure 2a. Major violation target volume including inadequate coverage of 
a target volume and no irradiation of an originally involved area) by number 
of patients with involvement by area.
Figure 2b. Number of relapses in combination with all major violations 
(including inadequate target volume coverage and no irradiation of an 
originally involved area and total dose <90% of the dose prescribed in the 
protocol). Total number of major violations by area.

Figure 3. Cumulative failure rate according to the presence (6 treatment 
failures in 63 patients) or absence (11 treatment failures in 72 patients) of 
major violations of radiotherapy.

a b
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There were no relationships between the presence of major violations and local failure, overall 

and by site of initial involvement. Of the 7 patients who had a para-aortic nodal relapse, two 

had a major violation of whom one did not have a complete remission (on radiology review) 

and while he refused radiotherapy. The other patient stopped abdominal irradiation after 12 

Gy because of acute side effects. 

Discussion

In this study the quality of several aspects of the EORTC trial on the role of radiotherapy 

in advanced HL8 was evaluated; we focused on the quality of the radiotherapy in patients 

randomized to receive IFRT.

Our study is the first to examine quality of radiotherapy in patients with advanced HL, not only 

including violations as to target volumes or total doses by area but also adding all violations 

together on an individual basis and to correlate protocol violations to pattern of relapse.

Deviation from a protocol may lead to a loss of efficacy or undesirable toxicity. Although both 

aspects were evaluated, this paper focuses on the deviations possibly influencing efficacy 

because the first trial endpoint concerned treatment efficacy. The study demonstrates that 

a major radiotherapy protocol violation was observed in 47% of all evaluated patients. We 

did not find any relationships between the pattern of relapse and major violations of the 

protocol. The overall number of relapses was low and the influence of the quality of the 

radiotherapy on relapse-free survival was a priori unlikely to be significant. Our findings show 

some similarity with those of Kinzie et al who reported a significant influence of the quality of 

radiotherapy on the occurrence of relapse in patients treated with radiotherapy only but not 

in those treated with combined chemotherapy and radiotherapy.13 Dühmke and colleagues 

however, have shown a significant influence of the quality of radiotherapy on outcome in a 

randomized trial comparing 30 Gy versus 40 Gy extended field radiotherapy alone in patients 

with early stage HL.14 They reported a 5-year freedom-from-treatment-failure (FFTF) of 70% 

if major violations were observed versus 82% if radiotherapy was adequately performed. 

Interpreting the results of the present study it is important to keep in mind that reasons for 

deviating from the protocol were not considered. In a limited number of patients change 

of the planned treatment was linked to expected toxicity. Possible explanations for protocol 

violations vary by area. Major violations of the target volume were usually caused by omission 

of irradiation of an originally involved volume (neck excepted). The majority of violations of 

the target volume of the neck was caused by lowering the upper border of the field to avoid 

damage to the salivary glands, which we nowadays consider advisable if the upper part of the 

neck was initially not involved. Similarly Hennequin et al have reported 45% of major violations 

as to covering of the target volume in their quality control study in early stage HL.15

Besides quality control of the radiotherapy an evaluation of response based on review of 

radiological examinations was performed in 63% of the patients. Discrepancy as to the 
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primary involvement was observed in one third of these patients. This proportion is relatively 

low compared to findings from the recently published reports on the quality assurance 

program of the German Hodgkin Study Group.16,17 Eich et al16 have reported on patients 

with early and intermediate stage HL in which they prospectively reviewed patient data 

and consecutive prescriptions of individual RT treatments. They describe a 67% correction 

of disease involvement in patients with intermediate stage disease. The change in disease 

extension resulted in a considerable number of treatment plans to be adjusted: enlargement 

of the RT treatment volume in 34% and reduction in 3% of the cases. In advanced stage HL 

they described 31% differences in disease extension.17 Deviations in total dose and dose per 

fraction have not been described yet. Moreover it is important to realize that in advanced stage 

HL a higher number of sites has to be treated which may lead to larger numbers of errors. 

Another reason for protocol violation relates to the definition of response to chemotherapy. 

Although complete remission was strictly defined in our trial protocol, residual abnormalities 

(mainly in the mediastinum) were observed in 30% of our patients for whom the response to 

chemotherapy could be evaluated. Nowadays these patients would probably be classified as 

having a complete remission unconfirmed. Since the number of patients with remnants that 

subsequently developed a relapse is very small, no firm conclusion can be drawn.

To conclude, the outcome of patients with advanced HL who received involved-field-

radiotherapy after a complete remission was obtained with MOPP-ABV chemotherapy was 

not influenced negatively by RT protocol violations. Nevertheless, quality of radiotherapy 

has to be improved for optimal care of those patients for who radiotherapy is indicated, 

like in patients in partial remission after chemotherapy and in early stage after a limited 

number of chemotherapy cycles. To achieve this task the German Hodgkin Study Group has 

developed an extensive quality assurance network. In the United States the Quality Assurance 

Review Center (QARC), one of the members of the Advanced Technology Consortium (ATC), 

supports the review of radiation material within a couple of days after start of the radiation. 

This review has become obligatory in many studies nowadays. 

Although prospective review may be the solution, it remains labor-intensive and therefore 

may not be feasible for other groups. Performing a dummy run before allowing participation 

in a trial and quality assurance meetings to discuss radiation treatments as early as possible 

after the start of a clinical trial will certainly improve the quality of the treatment. The EORTC 

Lymphoma Group has recently started early retrospective quality assurance meetings during 

the execution of the early stage HL study (H9 protocol). Quality assurance of radiotherapy 

will be crucial in forthcoming trials especially since radiation fields will be further tailored to 

the exact extension of the lymph node pathology prior to chemotherapy and/or the remnants 

after chemotherapy.

This report is dedicated to J. Marion V. Burgers, radiation oncologist at The Netherlands Cancer 

Institute, Amsterdam, who was involved in the initiation of the trial and died in 1997.

We kindly thank P. Mauch, R.T. Hoppe and J. Yahalom for their advice concerning the 

definition of major protocol violations.
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Centre Hospitalier de Tivoli, La Louvière, Belgium - J. Michel; Institut Bergonié, Bordeaux, France 

- P. Richaud; Centre François Baclesse, Caen, France - A. Tanguy; Centre Hospitalier Général, 

Compiègne, France - P. Naccache and D. Zylberait; Hôpital Edouard Herriot, Lyon, France - D. 

Assouline; Centre Antoine Lacassagne, Nice, France - P.-Y. Bondiali and A. Thyss; Hôpital Necker-

Enfants Malades, Paris, France -  C. Bélanger; Hôtel Dieu, Paris, France - C.M. Blanc  and A. Delmer; 

Hôpital Cochin, Paris, France - F. Dreyfus; C.M.C. Foch, Suresnes, France - E. Baumelou; Centre 

Alexis Vautrin, Vandoeuvre les Nancy, France - T. Conroy; Institut Curie, Paris, France - J.M. Cosset; 
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Abstract

Purpose

To assess long-term cause-specific mortality of young Hodgkin’s lymphoma (HL) patients 

Patients and methods

The study population consisted of 1261 patients treated for HL before age 41 between 1965 

and 1987. Follow-up was complete till October 2000. For 95% of deaths, the cause was 

known. Long-term cause-specific mortality was compared with general population rates to 

assess relative risk (RR) and absolute excess risk (AER) of death. 

Results

After a median follow-up of 17.8 years, 534 patients had died (55% of HL). The RR of death 

from all causes other than HL was 6.8-fold increased compared to the general population, 

and still amounted to 5.1 after more than 30 years. RRs of death resulting from solid tumors 

(STs) and cardiovascular disease (CVD) were increased overall (RR 6.6 and 6.3, respectively), 

but especially in patients treated before age 21 (RR 14.8 and 13.6 respectively). When these 

patients grew older, this elevated mortality decreased. The overall AER of death from causes 

other than HL increased throughout follow-up. Patients receiving salvage chemotherapy had 

a significantly increased RR of death from STs, compared to patients receiving initial therapy 

only.

Conclusion

The main cause of death among HL patients was lymphoma; but after 20 years HL mortality 

was negligible. The RRs and AERs of death from second primary cancers (SCs) and CVDs 

continued to increase after 10 years. Even more than 30 years after diagnosis, HL patients 

experienced elevated risk of death from all causes other than HL. Increased risk of death 

from SCs and CVDs was found especially in patients treated before age 21, but these risks 

seemed to abate with age. 
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Introduction

Over the past few decades, the survival of patients treated for Hodgkin’s lymphoma (HL) has 

improved dramatically1-9 as a result of the development of multiagent chemotherapy (CT), 

more accurate radiotherapy (RT), and enhanced possibilities to treat complications during 

and after treatment. Unfortunately, the improved prognosis of HL has been accompanied by 

elevated risks of second primary cancers (SC), cardiovascular disease (CVD) and infections.10-16 

Treatments are currently being adapted based on increased knowledge of treatment-related 

morbidity and mortality. 

Only a few studies have examined excess mortality for major disease categories in large 

cohorts of HL patients.5,10,17-20 To our knowledge, there are no reports describing mortality 

with a median follow-up of more than 15 years.

The purpose of this study was to examine cause-specific mortality and absolute excess 

mortality (compared to population rates) in a cohort of HL patients treated from the 1960s 

through the 1980s. We focused on patients who were diagnosed with HL before reaching 41 

years, because such patients have a greater life expectancy if they are cured.

Patients and Methods

Data collection procedures
Our cohort consists of 1261 patients with HL as the first malignancy, who were no older than 

40 years when diagnosed and treated for HL. Patients were treated between 1965 and 1987 

in the Netherlands Cancer Institute or the Dr. Daniel den Hoed Cancer Center. The selection 

of patients and methods of data collection have been described in detail in two reports on 

the incidence of second malignancies in this cohort.15,21

Originally, all patients were identified through the hospital-based cancer registries of both 

hospitals. Data were collected on each patient’s date of birth, sex, date of diagnosis of 

HL, splenectomy and date of splenectomy, treatment, relapse and date of relapse, date of 

diagnosis and topography site of second primary tumors, date of last medical information 

or date of death, vital status and primary cause of death according to ICD-9. For this study 

we collected the most recent follow-up data from both hospital-based tumor registries. The 

data of 776 patients who were alive (n=737) or had emigrated (n=39), according to our most 

recent information, were linked with the Central Office of Genealogy (CBG). This register, 

containing information on date of death for all persons in the Netherlands who died since 

1938, is computerized since 1994 and complete till October 1, 2000. For all patients who 

had died the medical record was reviewed to register the primary cause of death. If patients 

had died after the date of last medical information in the records, general practitioners and/

or other treating physicians were sent a questionnaire to obtain the cause of death. 

97

Long-term cause-specific mortality



Statistical analysis
A comparison was made between cause-specific mortality in the study population and 

mortality in the general population, taking into account the person-years of observation 

in the HL cohort (by age, sex, calendar period and follow-up interval). Mortality data from 

Statistics Netherlands for the period 1961-1997 were used as reference rates. In this person-

years type of analysis, time at risk began at start of treatment and ended at the date of death, 

date of emigration or October 1, 2000, whichever occurred first. The ratio of the observed 

(O) and expected (E) number of deaths in the study population was determined and the 

confidence limits of the O/E-ratio (RR) were calculated using exact Poisson probabilities of 

O numbers. P-values for the test for heterogeneity and for tests for trend were calculated 

according to standard methods.22 The clinical relevance of the O/E-ratio is often limited, 

because a moderately increased RR for a frequent cause of death in the population can 

be clinically more important than a high RR for a rare cause of death. The absolute excess 

risk (AER) is the most appropriate risk measure with which to judge what specific diseases 

contribute most to excess mortality in HL survivors, because AER takes into account the 

absolute risk of death from a given disease in the general population. From the results of 

the person-years analysis, AER was expressed as the observed number of deaths due to 

a given disease in our cohort minus the number expected and divided by person-years at 

risk. AER was calculated per 10,000 person-years. The observed numbers of myelodysplastic 

syndrome (MDS) were included with leukemia, because of their close relationship. Deaths 

from MDS might have been deaths from leukemia, but were not classified as such, because 

a bone marrow diagnosis was never made. The expected numbers of leukemia and MDS 

deaths were calculated by comparison with the general population mortality rates of all types 

of leukemia with all benign tumors combined, because separate mortality data for MDS in 

the general population were not available. RR was calculated for various disease categories 

overall and, if significantly elevated and comprising sufficient numbers, separately by sex, age 

at start of treatment, attained age, treatment, treatment period and follow-up interval. For 

cardiovascular mortality, we included cerebrovascular deaths in the overall risk assessment 

only. When calculating the RR for cardiovascular disease separately by various risk factors, 

cerebrovascular deaths were excluded. Attained age was defined as the age of patients 

at the end of follow-up, and was calculated to assess at which ages patients experienced 

increased risk, compared with their peers in the general population.

To assess treatment effects on cause-specific mortality we compared patients receiving 

initial RT only, patients receiving initial radio- and chemotherapy only and patients treated 

with all other treatments combined (usually salvage therapy). Patients receiving CT only 

were analyzed with the salvage group. Overall and cause-specific actuarial survival rates 

were estimated using the Kaplan-Meier method. The impact of SC and CVD on survival was 

estimated in an analysis in which all deaths from SC or CVD were treated as censored. The 

Cox proportional hazards model was used to quantify the effects of different treatments 

and several covariates (age at treatment, sex and calendar period) on mortality (adjusting for 

different follow-up periods). Forward stepwise confounder selection, in which the effect of 
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adding one confounder at a time is evaluated, was based on a more than 10% change in the 

risk estimate of the exposure variable of interest. Cox’s models were fitted with the use of 

SPSS statistical software (SPSS, Inc Chicago, IL).

Results

Patient cases were evenly distributed over the different treatment periods (Table 1). Twenty-

six percent of patients received initial RT only, 21% were treated with an initial RT and CT 

combined without subsequent treatment, 50% received initial and salvage treatment and 

only 3% received initial CT alone. Salvage treatment consisted mostly of conventionally 

dosed chemotherapy, since high dose chemotherapy with bone marrow transplant was not 

available then. One third of the patients underwent splenectomy. Median age at the start 

of treatment was 26 years; median follow-up time was 17.8 years for the whole cohort (a 

total of 21,290 person-years) and amounted to 21.5 years for patients still alive on October 

1, 2000. Twenty-five years after start of treatment, 22% of patients were still alive. Median 

survival time according to the Kaplan-Meier method was 28.7 years. 

Overall risks of death 
The exact causes of death were obtained for 95% of the 534 patients who had died. Two 

hundred and ninety-one patients died of HL; 116 of second malignancies, including 76 of 

solid tumors (STs), 15 of leukemia (including 12 myeloid leukemias); and nine of MDS. Fifty 

patients died of cardiovascular disease (CVD), including five of cerebrovascular accidents. 

Nine deaths due to infectious diseases were observed, including seven cases of septicemia. 

Figure 1. The actuarial risks of death 
from major disease categories.
HL: Hodgkin’s lymphoma
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Six patients were known to have died of intercurrent disease, (precise cause of death 

unknown) and four of ill-defined diseases (Table 2). The 10- and 25-year actuarial risks of 

death were: for all causes of death, 25.5% and 44.0%, respectively; for HL, 20.4% and 

24.2%, respectively; for all SCs, 2.3% and 13.5%, respectively; and for all CVDs, 1.2% and 

6.9%, respectively (Fig. 1).

Table 1. Patient Characteristics

No. of HL patients %

Sex

Male 722 57.3

Female 539 42.7

Age at start of treatment

£ 20 years 329 26.1

21-30 years 582 46.2

31-40 years 350 27.8

Attained age at end of follow-up

£ 35 years 333 26.4

36 - 45 years 342 27.1

46 - 55 years 411 32.6

³ 56 year 175 13.9

Treatment period

1965-1972 422 33.5

1973-1979 439 34.8

1980-1987 400 31.7

Treatment

Initial RT only 328 26.0

Initial RT+CT, no follow-up treatment 268 21.3

Salvage treatment (including initial CT only) 665 (39) 52.7 (3.1)

Splenectomy

Yes 408 32.4

No 814 64.6

Unknown 39 3.1

Vital status at date of last contact 

Alive 727 57.7

Dead 534 42.3

Follow-up interval

0-5 years 228 18.1

5-10 years 116 9.2

10-15 years 120 9.5

15-20 years 283 22.4

20-25 years 236 18.7

25-30 years 177 14.0

> 30 years 101 8.0

Abbreviations: HL: Hodgkin’s lymphoma; RT: radiotherapy; CT: chemotherapy
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Significantly elevated RRs were found for all causes other than HL (RR = 6.8), CVD (including 

cerebrovascular accidents) (RR = 6.3), cerebrovascular accidents (RR 3.3; 95% CI 1.1-7.8), 

infectious diseases (RR = 24.0), sepsis (RR = 92.3), STs (RR = 6.6), leukemia (RR = 28.9) 

and non-Hodgkin’s lymphoma (NHL) (RR=35.6) (Figure 2). Because of the high background 

mortality of STs and CVD compared with the low background risk of death from leukemia, 

Table 2. Causes of death in patients with Hodgkin’s lymphoma*

No. of deaths %

Hodgkin’s lymphoma 291 54.5

Infectious diseases (001.0-139.8) 9 1.7

Sepsis (038) 7 1.3

Second Malignancies (140.0-208.9, 201 excluded and MDS) 116 21.7

Digestive organs (150.0-159.9) 25 4.7

Respiratory organs  (160.0-165.9) 23 4.3

Melanoma (172) 2 0.4

Female breast (174) 5 0.9

Miscellaneous cancers$ 8 1.5

Unknown primary site (199) 13 2.4

NHL (200, 202) 16 3.0

Leukemia  (204.0-208.9) and MDS 24 (15 + 9) 4.5

Endocrine, nutritional and metabolic diseases (240.0-279.9) 1 0.2

Diseases of the blood and blood-forming organs (280.0-289.9) 1 0.2

Mental disorders (290.0-319.9) 1 0.2

Diseases of the nervous system and sense organs (320.0-389.9) 3 0.6

Diseases of the circulatory system (410.0-459.9) 50 9.4

Ischaemic heart disease (410.0-414.9) 19 3.6

Myocardial infarction (410) 16 3.0

Other heart diseases (420.0-429.9) 20 3.7

Cerebrovascular accident (430.0-438.9) 5 0.9

Diseases of the respiratory system (460.0-519.9) 9 1.7

Pneumonia (480.0-486.9) 6 1.1

Diseases of the digestive system (520.0-579.9) 5 0.9

Ulcer (531.0-534.9) 2 0.4

Diseases of the genitourinary system (580.0-629.9) 4 0.7

External causes of injury and poisoning (780.0-798.9) 4 0.7

Complications of treatment# 11 2.1

Symptoms and ill-defined conditions (800.0-999.9) 4 0.7

Intercurrent† 6 1.1

Unknown 19 3.6

Abbreviations: HL, Hodgkin’s lymphoma; ICD-9, International Classification of Diseases, 9th revision; NHL, 
non-Hodgkin’ slymphoma; MDS, myelodysplastic syndrome.
* Classified according to ICD-9
$ 3 lip, oral cavity and pharynx (140.0-149.9), 1 bone (170), 1 soft tissue (171), 1 genitourinary organs 
(179.0-189.9), 1 brain (191), 1 ill-defined site (195)
# 5 due to CT: acute complications during CT courses, 6 due to RT (3 due to radiation fibrosis)
† no HL, but the exact cause of death is unknown
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NHL and infectious diseases in the general population, the AER was highest for death from ST 

(30.3 per 10,000 person-years), followed by cardiovascular death (17.8 per 10,000 person-

years) (Fig. 2).

During the first 15 years after start of treatment, the overall AER of death diminished, due 

to decreasing mortality from HL. From 15 years after start of treatment, the AER increased 

again and continued to do so up to at least 30 years from the date of first treatment, because 

the AER of death from causes other than HL increased dramatically throughout follow-up 

Figure 3. Absolute excess mortality from various disease categories over time. HL, Hodgkin’s lymphoma; 
CVD, cardiovascular disease. 

Figure 2. Absolute excess risk and relative risk for various causes of death. The error bars indicate the 
95% confidence intervals. RR, relative risk; AER, absolute excess risk; MDS, myelodysplastic syndrome.
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time. From 20 years since the start of treatment, the overall excess mortality was completely 

attributable to the excess mortality from diseases other than HL (Fig.3). According to the 

Kaplan-Meier method, the 25-year overall survival rate was 56%. When treating all second 

malignancies or all CVDs as censored, the proportion of surviving patients at 25 years 

increased by 8.8% to 64.8%; and by 4.2% to 60.2%, respectively. 

As we expected, when the disease-specific survival for HL was evaluated over time, the 20-

year actuarial survival estimates improved spectacularly, with rates of 65%, 77%, and 87% 

for the treatment periods 1965 to 1972, 1973 to 1979, and 1980 to1 987, respectively. 

Table 3. Mortality from second malignancy by sex, age, attained age, treatment, treatment period and 
follow-up interval

Cause of death Solid tumors (n = 76) Leukemia and MDS (n = 15 + 9)

O E RR 95% CI AER * O E RR 95% CI AER *

Sex

Male 41 6.0 6.9 4.9-9.3 30.1 12 0.3 35.3 18.2-61.6 10.0

Female 35 5.5 6.3 4.4-8.8 30.5 12 0.2 49.8 25.7-86.9 12.2

Age at start of treatment

£ 20 years 14 1.0 14.8 8.1-24.9 22.3 4 0.1 37.7 10.3-96.6 6.7

21-30 years 37 4.3 8.6 6.1-11.9 33.5 14 0.2 57.7 31.6-96.9 14.1

31-40 years 25 6.3 4.0 2.6-5.9 33.1 6 0.2 25.8 9.5-56.1 10.2

Attained age

£ 35 years 5 0.1 36.9 12.0-86.2 20.8 15 0.04 372 208-613 64.0

36-45 years 24 0.8 30.4 19.5-45.2 45.2 4 0.1 44.0 12.0-113 7.6

46-55 years 34 4.5 7.6 5.2-10.6 32.2 5 0.2 21.1 6.8-49.2 5.2

³ 56 years 13 6.1 2.1 1.1-3.6 14.8 0 0.2 0.0 0.0-17.3 -0.4

Treatment

Initial RT only 22 4.1 5.4 3.4-8.2 26.0 1 0.2 5.2 0.1-29.1 1.2

Initial RT + CT only 9 2.1 4.4 2.0-8.3 16.3 5 0.1 45.6 14.8-106 11.5

Salvage treatment 45 5.4 8.3 6.1-11.2 39.1 18 0.3 64.3 38.1-102 17.5

Treatment period

1965-1972 39 5.6 7.0 5.0-9.5 43.1 6 0.3 23.7 8.7-51.7 7.4

1973-1979 28 3.9 7.2 4.8-10.5 31.3 12 0.2 59.1 30.5-103 15.3

1980-1987 9 2.1 4.4 2.0-8.4 12.0 6 0.1 47.9 17.6-104 10.1

Follow-up interval

0-5 years 0 0.8 0.0 0.0-4.8 -1.4 4 0.1 34.4 9.4-88.0 6.8

5-10 years 5 1.2 4.1 1.3-9.6 7.8 14 0.1 137 75.0-230 28.7

10-15 years 11 2.0 5.4 2.7-9.7 20.7 4 0.1 36.8 10.0-94.2 9.0

15-20 years 22 2.6 8.6 5.4-13.0 59.4 2 0.1 19.6 2.4-70.8 5.8

20-25 years 18 2.5 7.3 4.3-11.6 79.4 0 0.1 0.0 0.0-46.0 -0.3

25-30 years 15 1.8 8.3 4.7-13.7 136.9 0 0.1 0.0 0.0-68.0 -0.6

> 30 years 5 0.7 7.6 2.5-17.8 191.8 0 0.02 0.0 0.0-208 -0.8

Abbreviations: MDS, myelodysplastic syndrome; O, observed number of deaths; E, expected number of 
deaths; RR, relative risk; AER, absolute excess risk; RT, radiotherapy; CT, chemotherapy. 
*Per 10,000 patients per year
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Death from STs
Excess mortality from STs was mainly due to excess mortality from cancers of the 

gastrointestinal (RR = 7.7, AER = 10.4) and respiratory tract (RR = 8.8, AER = 9.4). With 

increasing age at start of treatment, the RR of death from STs (STs) decreased (Table 3) (p 

for trend <0.001). The risk of death from STs was highest in patients younger than 35 years 

at the end of follow-up. Patients from the salvage group were at significantly elevated risk 

of death from STs (RR 8.3, 95% CI, 6.1 to 11.2), compared with patients receiving initial 

treatment only (p = 0.04). The RR and AER of death from STs increased considerably during 

the follow-up period, but the RR appeared to level off after 20 years (p for trend = 0.02). 

Table 4 shows the relative risks of ST death, according to age at treatment and attained age. 

In each subgroup according to age at start of treatment, we observed trends of declining RRs 

of mortality from STs as patients grew older. 

Table 4. Risk of dying from CVD* and Solid Tumors by age at start of treatment and attained age

                            Age at start of treatment

£ 20 years 21-30 years 31-40 years

Attained age O E RR 95% CI O E RR 95% CI O E RR 95% CI)

Solid tumors (n=76)

< 40 years 8 0.2 45.4 19.6-89.5 8 0.2 47.3 20.4-93.3 0 50.3 0.0 0.0-1.2

40-50 years 3 0.5 6.1 1.3-17.9 16 1.0 15.7 9.0-25.5 6 40.6 15.0 5.5-32.7

> 50 years 3 0.3 10.8 2.2-31.4 13 3.1 4.2 2.2-7.2 19 21.5 3.2 2.0-5.1

p trend = 0.02 p trend < 0.001 p trend < 0.001

CVD (n=45)

< 40 years 2 0.1 21.1 12.9-32.5 5 0.1 50.5 37.5-66.6 1 0.02 43.2 2.7-79.4

40-50 years 4 0.2 16.7 4.5-42.7 8 0.7 12.2 5.3-24.1 8 0.3 27.6 11.9-54.4

> 50 years 0 0.1 0.0 0.0-34.7 5 1.7 2.9 0.9-6.7 12 4.0 3.0 1.6-5.3

p trend = 0.03 p trend < 0.001 p trend < 0.001

Abbreviations: CVD: cardiovascular disease; O: observed; E: expected; RR: Relative Risk; 
* excluding cerebro-vascular death

Death from leukemia/MDS
Patients aged 21 to 30 years at the start of treatment experienced the greatest risk of death 

from leukemia or MDS (RR = 57.7). The risk of death from leukemia or MDS was highest in 

patients younger than 35 years at the end of follow-up. The risk of death from leukemia 

or MDS was concentrated in the 5 to 10 years follow-up interval; after 10 years there were 

no more leukemia deaths, whereas 6 deaths from MDS occurred after 10 years. The RR of 

leukemia or MDS was lower for patients treated before 1973, but noticeably, the RR for 

most recently treated patients was approximately as high as that for patients treated in the 

1970s. Both the RR and AER of leukemia and MDS were significantly higher among patients 

receiving salvage treatment than in patients receiving initial RT only (p = 0.004).  
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Death from cardiovascular disease
RRs and AERs of CVD (excluding cerebrovascular death) are shown in Table 5. Men and 

women had almost equally increased RRs of deaths from CVD and myocardial infarction 

(MI) compared to the general population. However, because of the higher cardiovascular 

mortality rate of men in the general population, the AER of cardiovascular death in male HL 

survivors was 24.4 per 10,000 person-years, versus 9.8 for women. Overall, both the RRs and 

AERs of cardiovascular death decreased substantially with increasing attained age, similar to 

the trend for STs (p for trend < 0.001). As for STs, in each subgroup according to age at start 

Table 5. Mortality from cardiovascular disease by sex, age, attained age, treatment, treatment period 
and follow-up interval

Cause of death Cardiovascular deaths (n=45) † Myocardial infarction (n=16)

O E RR 95% CI AER* O E RR 95% CI AER*

Sex

Male 34 5.7 6.0 4.1-8.4 24.4 13 3.3 3.9 2.1-6.7 8.3

Female 11 1.5 7.3 3.6-13.0 9.8 3 0.7 4.2 0.9-12.4 2.4

Age at start of treatment

£ 20 years 6 0.4 13.6 5.0-29.6 9.5 1 0.2 5.1 0.1-28.4 1.4

21-30 years 18 2.5 7.3 4.3-11.5 15.9 5 1.3 3.7 1.2-8.7 3.7

31-40 years 21 4.3 4.9 3.0-7.5 29.6 10 2.5 4.1 1.9-7.4 13.3

Attained age

£ 35 years 6 0.1 80.7 61.6-104 25.4 1 0.02 44.7 1.1-250 4.2

36-45 years 11 0.5 22.1 11.0-39.5 20.5 5 0.2 20.7 6.7-48.4 9.3

46-55 years 21 2.6 7.9 4.9-12.1 20.1 7 1.5 4.7 1.9-9.7 6.0

³ 56 years 7 4.0 1.8 0.7- 3.6 6.5 3 2.3 1.3 0.3-3.9 1.6

Treatment

Initial RT only 17 2.4 7.2 4.2-11.6 21.2 7 1.3 5.4 2.2-11.1 8.3

Initial RT+CT only 7 1.3 5.5 2.2-11.3 13.4 2 0.7 2.9 0.3-10.4 3.1

Salvage treatment 21 3.6 5.9 3.7-9.0 17.2 7 2.0 3.5 1.4-7.1 4.9

Treatment period

1965-1972 21 3.5 6.0 3.7- 9.1 22.6 6 2.0 3.0 1.1-6.5 5.2

1973-1979 16 2.5 6.5 3.7-10.5 17.5 6 1.4 4.4 1.6-9.5 6.0

1980-1987 8 1.2 6.6 2.8-13.0 11.7 4 0.6 6.2 1.7-15.9 5.8

Follow-up interval

0-5 years 4 0.5 7.6 2.1-19.4 6.1 2 0.3 7.1 0.9-25.8 3.0

5-10 years 6 0.9 7.0 2.6-15.2 10.6 1 0.5 1.9 0.1-10.7 1.0

10-15 years 6 1.3 4.5 1.6- 9.7 10.7 3 0.8 3.8 0.8-11.0 5.1

15-20 years 11 1.6 6.8 3.4-12.2 28.7 4 0.9 4.4 1.2-11.1 9.4

20-25 years 12 1.4 8.3 4.3-14.5 53.9 5 0.8 6.4 2.1-14.9 21.6

25-30 years 5 1.0 4.9 1.6-11.5 41.3 1 0.5 1.9 0.1-10.6 4.9

> 30 years 1 0.4 2.6 0.1-14.3 26.9 0 0.2 0.0 0.0-19.4 -8.4

Abbreviations: O: observed; E: expected; RR: Relative Risk; * Absolute excess risk (AER) per 10,000 
patients per year. † excluding cerebrovascular death
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of treatment, we observed trends of declining RRs of cardiovascular death, as patients grew 

older (p for trend < 0.001; Table 4). 

RRs of cardiovascular death overall and of death from MI were nearly constant throughout 

follow-up. Risk of cardiovascular death did not vary significantly across treatment groups 

and appeared to level off after 25 years. When treatment-specific risks were categorized 

according to treatment period, RRs did not decrease with more recent treatment periods. 

Death from infectious diseases
Evaluation of the risk of dying from infections showed that the AERs were small and showed 

little variation by age at start of treatment and treatment period, due to the low risk of 

dying from infection in the general population. Patients who received salvage treatment 

experienced the highest mortality from infection (RR 48.1, 95% CI 20.8-94.7, AER 7.7/10,000 

person-years). 

Comparisons within the study cohort: Cox Model Analysis
In the Cox model analysis (Table 6), prognostic factors for cause-specific mortality are 

examined within the patient group, as opposed to the person-years analysis in which risk is 

compared with that in the general population. The observed risk of cardiovascular mortality 

was in males 2.4-times that of females, reflecting the greater risk of males compared to 

females in the general population. Age at start of treatment was found to be a strong risk 

factor for all categories of death except leukemia; for each additional year of age at start of 

treatment, risk of death increased by approximately 6%. Patients who had salvage therapy 

had an increased risk of death from causes other than HL, 1.6-times that of patients treated 

with irradiation alone. Patients receiving salvage treatment were at particularly high risk to 

die from leukemia or MDS (hazard ratio, 12.1) compared with patients receiving initial RT 

Table 6. Multivariate Cox regression analysis of potential risk factors for cause-specific mortality 

All causes other 

than HL

Second

malignancies

Solid tumors Leukemia

and MDS

Cardiovascular 

disease †

Risk factor * HR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI

Age at diagnosis 

(per year increase)

1.06 1.04-1.08 1.06 1.03-1.08 1.05 1.02-1.09 - - 1.08 1.04- 1.13

Male sex (vs female) - - - - - - - 2.4 1.3-4.6

Initial RT + CT only

 (vs initial RT only)

0.8 0.5-1.3 0.9 0.5-1.8 0.8 0.4-1.7 7.7 0.9-65.9 - -

Salvage treatment 1.6 1.2-2.2 2.1 1.3-3.4 1.5 0.9-2.6 12.1 1.6-91.0 - -

(vs initial RT only)

Stage 3-4 (vs 1-2) 1.3 1.0-1.8 1.3 0.8-1.9 - - - - - -

NOTE: Dashes represent variables not included in the model. Abbreviations: HL: Hodgkin’s lymphoma; 
MDS: myelodysplastic syndrome; vs: versus; RT: radiotherapy * Treatment period and splenectomy were 
no independent risk factors and did not materially affect hazard ratios for the other variables. † including 
cerebrovascular death
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alone. Patients receiving salvage treatment also experienced a two-fold increased risk of 

death from STs compared with patients receiving initial RT only. Calendar period of treatment 

and splenectomy were not found to be independent risk factors for any cause of death 

category considered.

Discussion

Most late-effect studies have focused on the morbidity of potentially treatment-related 

disorders, which has the advantage that the risk of such complications is fully assessed, 

independent of their severity. Mortality studies, on the other hand, address the risk of fatal 

complications that affect life expectancy. Mortality is not only influenced by the incidence 

but also by the severity and the treatment possibilities of certain diseases. Complete follow-

up and valid ascertainment of cause of death are critical aspects in studies assessing the 

impact of treatment-related mortality. In our study, follow-up regarding vital status was 

complete till October 2000, and cause of death was obtained for 95% of patients who had 

died. Since we assessed the primary cause of death, as opposed to the direct cause of death, 

it is unlikely that our estimates of RR and AER are overestimated. In several other mortality 

reports, follow-up was incomplete for patients lost to follow-up in the original treatment 

center, which may cause overestimation of treatment related risks.23

Generally, the survival of our cohort, with a 10-year overall survival of 75%, is comparable 

to survival in the literature, given that this cohort consists of patients treated in the period 

between 1966 and 1986 and includes patients with advanced disease.1,3-6,8,24 Our study, 

which, to our knowledge, has the longest median follow-up of all mortality reports on HL 

patients10,11,18,20,25-29, shows that in the first 10 years following HL, the excess mortality rate 

is largely due to the primary disease, while after 10 years, causes other than HL contribute 

most to excess mortality. Unfortunately, even after 30 years of follow-up there was no 

evidence of a decline in the RR of death from causes other than HL; however, the number 

of person-years in this follow-up interval was still rather small. In 30-year survivors of HL, the 

annual excess mortality rate from all causes other than HL was nearly three per 100 patients. 

STs, especially from the digestive and respiratory tract, contributed most to this excess risk, 

followed by cardiovascular disease. Nearly all studies report that the incidence of STs increases 

over time and that excess is particularly seen more than 10 years after RT.3,5,14,15,21,30-35 The 

manifestation of increased death from STs only after a certain follow-up interval is generally 

assumed to be a result of a (long) induction period but may also be an effect of the patients’ 

attaining a specific age (the age range in which cancer mortality normally occurs). 

As we expected from our previous studies15,21 we found that not only the incidence but also 

the mortality of STs, was highest in patients treated before age 21. The RR of dying from STs 

was highest in patients treated before age 21, with an RR of 15, as compared to RRs of 9 and 4 

for patients first treated in their twenties and thirties, respectively. Lee et al observed a similar 
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trend, although the absolute values of the RR estimates differ considerably.13 Hypothetically, 

these young patients might be at greater risk for side effects, because immature tissues and 

organs are more vulnerable to the effects of ionizing radiation, or because these individuals 

might have genetic alterations also influencing their susceptibility to develop malignancies at 

an early age. 

In recent studies, chemotherapy also appears to increase the risk of STs resulting from 

RT.15,34,36,37 This is particularly important because combined modality is given more often 

now. We also observed a significantly increased mortality from STs comparing treatment 

containing chemotherapy with RT alone (p = 0.04). The excess risk of death from STs after 

radiation treatment may also be influenced by behavior of the patient: smokers experience 

greater risk of lung cancer attributable to RT than do nonsmokers.24,37

An elevated risk in incidence of a malignancy does not always result in an equally elevated 

risk of mortality. Previously, we described a RR of 5.2 (95% CI; 3.4 to7.6) for breast cancer 

in one-year survivors from our cohort.15 As a result of early detection and good treatment 

options for breast cancer, an RR of 2.5 for death from breast cancer was observed in this 

study.38-40 Strikingly, in our study, 15 out of 20 patients who died of a second malignancy 

before the age of 35 years, died of leukemia. The risk of secondary acute leukemia is strongly 

associated with the use of alkylating chemotherapy and in the treatment of HL is especially 

associated with the use of mechlorethamine in the regimen of mechlorethamine, vincristine, 

procarbazine, and prednisone (MOPP)41. Survival after secondary leukemia is usually poor.12,42,43 

Since the decreasing use of MOPP, the risk of secondary acute leukemia has been reported to 

diminish.35,41,43-45 It is important to realize that in our cohort, many patients have still received 

MOPP chemotherapy (often more than six cycles), whereas now patients are usually treated 

with CT regimens containing less or no mechlorethamine at all. 

The increased mortality from CVD that we observed is in agreement with other reports in 

the literature.3,10,11,13,18,26,46,47 In our study the majority of the patients were treated with a 

mantle field including part of the coronary arteries and the heart itself. According to treatment 

protocols used in the 1960s and 1970s, patients were treated with one field per day, causing 

an unfavorable, inhomogeneous dose distribution. Shielding of the heart below the carina 

for part of the treatment was introduced in the 1980s. We did not observe a decrease of 

the RR of cardiovascular death with more recent treatment periods, probably because of the 

limited number of patients treated with more recent RT techniques. Hancock et al., however, 

showed that shielding part of the heart did not decrease the risk of dying from MI but did 

decrease the risk of dying from other cardiovascular causes from 5.3 (95% CI 3.1-7.5) to 1.4 

(95% CI 0.6-2.9).46 Contrary to our expectations, the RRs of cardiovascular mortality overall 

and of dying from an MI were already increased within a follow-up of 5 years. Whether this 

was related to specific treatment factors could not be evaluated, because we did not collect 

detailed data on radiation dose, radiation technique, chemotherapeutic agents, or CVD risk 

factors. Few studies have examined whether CT adds to the increased risk of cardiovascular 

death from RT.48,49 Furthermore, in other studies patients without cardiovascular risk factors 
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such as smoking, hypertension, obesity, hypercholesterolemia, or diabetes mellitus, had a low 

risk of CVD after conventionally fractionated radiation to a dose between 30 and 40 Gy.3

Consistent with the results of Hancock et al.,46 we observed a declining trend of RR of death 

from CVD with advancing age. Among patients treated before age 21, 14-fold increased 

RRs of death from CVD were observed, whereas RRs of 7 and 5 were found in patients first 

treated at ages 21 to 30 and 31 to 40 years, respectively. Information on the effect of age at 

first treatment on mortality of causes other than HL is limited.50 Our study is the first in which 

RRs and AERs of death from SCs or CVD are given by age at first treatment and attained age, 

rendering it possible to disentangle the contributions of these variables. Within each category 

of age at first treatment, the RR of death from SC and the RR and AER of death from CVD 

decreased with advancing attained age. The decrease of RRs with increasing attained age may 

be due to the strong increase in baseline risk with advancing age in the general population, but 

the reduction in AER indicates that the burden of CVD is declining when patients grow older.

As did other authors10 we observed in our HL survivor population a strongly increased risk 

of death from infections (RR=24). The AER, however, was low with 4 per 10,000 person-

years. Splenectomy did not increase the risk of death from an infectious disease. One could 

hypothesize that this is due to a vaccine against pneumococcal infections usually administered 

immediately after splenectomy and instructions about potential risks of infections. Long-term 

immunosuppression has been observed after treatment with splenectomy, RT and CT.51-53

In conclusion, our study shows that in patients with HL, their primary disease remained the 

most important cause of death until 10 years after primary treatment. After 10 years, the 

main causes of death are, similar to the general population, malignancies and cardiovascular 

disease. In our population of long-term survivors after HL, however, excess mortality of 

second cancers and cardiovascular diseases was observed especially in patients treated 

before age 21. Achieving control of Hodgkin’s lymphoma with first line treatment is of the 

utmost importance, in that salvage treatment may cause more late effects. Because of 

the increased risks of ST after RT5,14,15, clinical trials are ongoing and some have recently 

been performed to decrease the extent of the radiation fields54,55 and thereby lower the 

radiation dose in patients with a complete remission after chemotherapy,4,8,56,57 without 

compromising control of HL.

Improved knowledge about the morbidity and mortality after treatment may influence 

treatment strategies for patients with malignancies as well as follow-up guidelines for long-term 

survivors. During follow-up it is important to pay attention to possible signs of malignancies 

especially of the digestive and respiratory tract and especially in patients treated at young 

ages. For women who have been irradiated before age 30, screening is urged because of the 

highly elevated relative risk of developing breast cancer.38-40 Pneumococcal vaccination and 

instructions on the use of antibiotics are recommended after splenectomy to prevent death 

from infections. Patients treated for HL should be strongly advised to refrain from smoking, 

because smoking acts synergistically with radiation in the development of lung cancer24 and, 

potentially, cardiovascular disease. Finally, timely intervention in other risk factors of CVD (eg, 

hypertension) may help to reduce the high AER of CVD in survivors of HL.

109

Long-term cause-specific mortality



References

 1.  Somers R, Carde P, Henry-Amar M et al: A randomized study in stage IIIB and IV Hodgkin’s disease 
comparing eight courses of MOPP versus an alteration of MOPP with ABVD: a European Organization 
for Research and Treatment of Cancer Lymphoma Cooperative Group and Groupe Pierre-et-Marie-
Curie controlled clinical trial. J Clin Oncol 12: 279-287, 1994

 2.  Noordijk EM, Carde P, Mandard AM et al: Preliminary results of the EORTC-GPMC controlled clini-
cal trial H7 in early-stage Hodgkin’s disease. EORTC Lymphoma Cooperative Group. Groupe Pierre-et-
Marie-Curie. Ann Oncol 5 Suppl 2: 107-112, 1994

 3.  Connors JM, Klimo P, Adams G et al: Treatment of advanced Hodgkin’s disease with chemotherapy--
comparison of MOPP/ABV hybrid regimen with alternating courses of MOPP and ABVD: a report from 
the National Cancer Institute of Canada clinical trials group [published erratum appears in J Clin Oncol 
1997 Jul;15(7):2762]. J Clin Oncol 15: 1638-1645, 1997

 4.  Raemaekers J, Burgers M, Henry-Amar M et al: Patients with stage III/IV Hodgkin’s disease in partial 
remission after MOPP/ABV chemotherapy have excellent prognosis after additional involved-field radio-
therapy: interim results from the ongoing EORTC-LCG and GPMC phase III trial. The EORTC Lymphoma 
Cooperative Group and Groupe Pierre-et-Marie-Curie. Ann Oncol 8 Suppl 1: 111-114, 1997

 5.  Loeffler M, Brosteanu O, Hasenclever D et al: Meta-analysis of chemotherapy versus combined modal-
ity treatment trials in Hodgkin’s disease. International Database on Hodgkin’s Disease Overview Study 
Group [see comments]. J Clin Oncol 16: 818-829, 1998

 6.  Noordijk EM: Radiotherapy in early stage Hodgkin’s disease: principles and results of recent clinical 
trials. Ann Oncol 9 Suppl 5: S63-S65, 1998

 7.  Specht L, Gray RG, Clarke MJ et al: Influence of more extensive radiotherapy and adjuvant chemo-
therapy on long-term outcome of early-stage Hodgkin’s disease: a meta-analysis of 23 randomized 
trials involving 3,888 patients. International Hodgkin’s Disease Collaborative Group. J Clin Oncol 16: 
830-843, 1998

 8.  Ferme C, Sebban C, Hennequin C et al: Comparison of chemotherapy to radiotherapy as consolida-
tion of complete or good partial response after six cycles of chemotherapy for patients with advanced 
Hodgkin’s disease: results of the groupe d’etudes des lymphomes de l’Adulte H89 trial. Blood 95: 
2246-2252, 2000

 9.  Horning SJ, Williams J, Bartlett NL et al: Assessment of the stanford V regimen and consolidative radio-
therapy for bulky and advanced Hodgkin’s disease: Eastern Cooperative Oncology Group pilot study 
E1492. J Clin Oncol 18: 972-980, 2000

 10.  Mauch PM, Kalish LA, Marcus KC et al: Long-Term Survival in Hodgkin’s Disease. Cancer J Sci Am 1: 
33-1995

 11.  Hancock SL and Hoppe RT: Long-Term Complications of Treatment and Causes of Mortality After 
Hodgkin’s Disease. Semin Radiat Oncol 6: 225-242, 1996

 12.  Metayer C, Lynch CF, Clarke EA et al: Second cancers among long-term survivors of Hodgkin’s disease 
diagnosed in childhood and adolescence. J Clin Oncol 18: 2435-2443, 2000

 13.  Lee CK, Aeppli D, Nierengarten ME: The need for long-term surveillance for patients treated with cura-
tive radiotherapy for Hodgkin’s disease: University of Minnesota experience. Int J Radiat Oncol Biol 
Phys 48: 169-179, 2000

 14.  Swerdlow AJ, Barber JA, Hudson GV et al: Risk of second malignancy after Hodgkin’s disease in a 
collaborative British cohort: the relation to age at treatment. J Clin Oncol 18: 498-509, 2000

 15.  van Leeuwen FE, Klokman WJ, Veer MB et al: Long-term risk of second malignancy in survivors of 
Hodgkin’s disease treated during adolescence or young adulthood [see comments]. J Clin Oncol 18: 
487-497, 2000

 16.  Dores GM, Metayer C, Curtis RE et al: Second malignant neoplasms among long-term survivors of 
Hodgkin’s disease: a population-based evaluation over 25 years. J Clin Oncol 20: 3484-3494, 2002

 17.  Hancock SL, Hoppe RT, Horning SJ et al: Intercurrent death after Hodgkin disease therapy in radiother-
apy and adjuvant MOPP trials [published erratum appears in Ann Intern Med 1991 May 1;114(9):810]. 
Ann Intern Med 109: 183-189, 1988

 18.  Henry-Amar M, Hayat M, Meerwaldt JH et al: Causes of death after therapy for early stage Hodgkin’s 
disease entered on EORTC protocols. EORTC Lymphoma Cooperative Group. Int J Radiat Oncol Biol 
Phys 19: 1155-1157, 1990

110

Chapter 5



 19.  Hoppe RT: Hodgkin’s disease: complications of therapy and excess mortality. Ann Oncol 8 Suppl 1: 
115-118, 1997

 20.  Ng AK, Bernardo MP, Weller E et al: Long-term survival and competing causes of death in patients with 
early- stage Hodgkin’s disease treated at age 50 or younger. J Clin Oncol 20: 2101-2108, 2002

 21.  van Leeuwen FE, Klokman WJ, Hagenbeek A et al: Second cancer risk following Hodgkin’s disease: a 
20-year follow-up study. J Clin Oncol 12: 312-325, 1994

 22.  Breslow NE and Day NE: Statistical methods in cancer research. Volume II--The design and analysis of 
cohort studies. IARC Sci Publ 1-406, 1987

 23.  van Leeuwen FE and Travis LB: Cancer principles and practice in oncology. 2: 2939-2960, 2001
 24.  van Leeuwen FE, Klokman WJ, Stovall M et al: Roles of radiotherapy and smoking in lung cancer 

following Hodgkin’s disease [see comments]. J Natl Cancer Inst 87: 1530-1537, 1995
 25.  Aviles A, Neri N, Cuadra I et al: Second lethal events associated with treatment for Hodgkin’s disease: 

a review of 2980 patients treated in a single Mexican institute. Leuk Lymphoma 39: 311-319, 2000
 26.  Boivin JF and Hutchison GB: Coronary heart disease mortality after irradiation for Hodgkin’s disease. 

Cancer 49: 2470-2475, 1982
 27.  Cellai E, Magrini SM, Masala G et al: The risk of second malignant tumors and its consequences for 

the overall survival of Hodgkin’s disease patients and for the choice of their treatment at presentation: 
analysis of a series of 1524 cases consecutively treated at the Florence University Hospital. Int J Radiat 
Oncol Biol Phys 49: 1327-1337, 2001

 28.  Cosset JM, Henry-Amar M, Meerwaldt JH: Long-term toxicity of early stages of Hodgkin’s disease 
therapy: the EORTC experience. EORTC Lymphoma Cooperative Group. Ann Oncol 2 Suppl 2: 77-82, 
1991

 29.  Vaughan HB, Vaughan HG, Linch DC et al: Late mortality in young BNLI patients cured of Hodgkin’s 
disease. Ann Oncol 5 Suppl 2: 65-66, 1994

 30.  Henry-Amar M: Second cancer after the treatment for Hodgkin’s disease: a report from the Interna-
tional Database on Hodgkin’s Disease. Ann Oncol 3 Suppl 4: 117-128, 1992

 31.  Swerdlow AJ, Douglas AJ, Vaughan HG et al: Risk of second primary cancer after Hodgkin’s disease 
in patients in the British National Lymphoma Investigation: relationships to host factors, histology and 
stage of Hodgkin’s disease, and splenectomy. Br J Cancer 68: 1006-1011, 1993

 32.  Bhatia S, Robison LL, Oberlin O et al: Breast cancer and other second neoplasms after childhood 
Hodgkin’s disease [see comments]. N Engl J Med 334: 745-751, 1996

 33.  Aisenberg AC, Finkelstein DM, Doppke KP et al: High risk of breast carcinoma after irradiation of young 
women with Hodgkin’s disease. Cancer 79: 1203-1210, 1997

 34.  Birdwell SH, Hancock SL, Varghese A et al: Gastrointestinal cancer after treatment of Hodgkin’s 
disease. Int J Radiat Oncol Biol Phys 37: 67-73, 1997

 35.  Swerdlow AJ, Barber JA, Horwich A et al: Second malignancy in patients with Hodgkin’s disease treat-
ed at the Royal Marsden Hospital. Br J Cancer 75: 116-123, 1997

 36.  Swerdlow AJ, Schoemaker MJ, Allerton R et al: Lung cancer after Hodgkin’s disease: a nested case-
control study of the relation to treatment. J Clin Oncol 19: 1610-1618, 2001

 37.  Travis LB, Gospodarowicz M, Curtis RE et al: Lung Cancer Following Chemotherapy and Radiotherapy 
for Hodgkin’s Disease. J Natl Cancer Inst 94: 182-192, 2002

 38.  Goss PE and Sierra S: Current perspectives on radiation-induced breast cancer. J Clin Oncol 16: 338-
347, 1998

 39.  Clemons M, Loijens L, Goss P: Breast cancer risk following irradiation for Hodgkin’s disease. Cancer 
Treat Rev 26: 291-302, 2000

 40.  Diller L, Medeiros NC, Shaffer K et al: Breast cancer screening in women previously treated for Hodg-
kin’s disease: a prospective cohort study. J Clin Oncol 20: 2085-2091, 2002

 41.  van Leeuwen FE, Chorus AM, van den Belt-Dusebout AW et al: Leukemia risk following Hodgkin’s 
disease: relation to cumulative dose of alkylating agents, treatment with teniposide combinations, 
number of episodes of chemotherapy, and bone marrow damage. J Clin Oncol 12: 1063-1073, 1994

 42.  Brusamolino E, Papa G, Valagussa P et al: Treatment-related leukemia in Hodgkin’s disease: a multi-
institution study on 75 cases. Hematol Oncol 5: 83-98, 1987

 43.  van Leeuwen FE, Swerdlow AJ, Valgussa P et al: Hodgkin’s disease. 607-632, 1999
 44.  Kaldor JM, Day NE, Clarke EA et al: Leukemia following Hodgkin’s disease. N Engl J Med 322: 7-13, 

1990
 45.  Tucker MA, Meadows AT, Boice JD, Jr. et al: Leukemia after therapy with alkylating agents for child-

hood cancer. J Natl Cancer Inst 78: 459-464, 1987

111

Long-term cause-specific mortality



 46.  Hancock SL, Tucker MA, Hoppe RT: Factors affecting late mortality from heart disease after treatment 
of Hodgkin’s disease. JAMA 270: 1949-1955, 1993

 47.  Boivin JF, Hutchison GB, Lubin JH et al: Coronary artery disease mortality in patients treated for Hodg-
kin’s disease. Cancer 69: 1241-1247, 1992

 48.  Steinherz LJ, Steinherz PG, Tan CT et al: Cardiac toxicity 4 to 20 years after completing anthracycline 
therapy. JAMA 266: 1672-1677, 1991

 49.  Pihkala J, Saarinen UM, Lundstrom U et al: Myocardial function in children and adolescents after 
therapy with anthracyclines and chest irradiation. Eur J Cancer 32A: 97-103, 1996

 50.  Beaty O, III, Hudson MM, Greenwald C et al: Subsequent malignancies in children and adolescents 
after treatment for Hodgkin’s disease. J Clin Oncol 13: 603-609, 1995

 51.  Bruce LJ and Hancock BW: Immunity in Hodgkin’s disease: status after 10 years remission. Br J Cancer 
62: 324-325, 1990

 52.  Fisher RI, DeVita VT, Jr., Bostick F et al: Persistent immunologic abnormalities in long-term survivors of 
advanced Hodgkin’s disease. Ann Intern Med 92: 595-599, 1980

 53.  Hoppe RT, Fuks ZY, Strober S et al: The long term effects of radiation of T and B lymphocytes in the 
peripheral blood after regional irradiation. Cancer 40: 2071-2078, 1977

 54.  Duhmke E, Diehl V, Loeffler M et al: Randomized trial with early-stage Hodgkin’s disease testing 30 Gy 
vs. 40 Gy extended field radiotherapy alone. Int J Radiat Oncol Biol Phys 36: 305-310, 1996

 55.  Duhmke E, Franklin J, Pfreundschuh M et al: Low-dose radiation is sufficient for the noninvolved 
extended-field treatment in favorable early-stage Hodgkin’s disease: long-term results of a randomized 
trial of radiotherapy alone. J Clin Oncol 19: 2905-2914, 2001

 56.  Fabian CJ, Mansfield CM, Dahlberg S et al: Low-dose involved field radiation after chemotherapy in 
advanced Hodgkin disease. A Southwest Oncology Group randomized study. Ann Intern Med 120: 
903-912, 1994

 57.  Nachman JB, Sposto R, Herzog P et al: Randomized comparison of low-dose involved-field radiotherapy 
and no radiotherapy for children with Hodgkin’s disease who achieve a complete response to chemo-
therapy. J Clin Oncol 20: 3765-3771, 2002

112

Chapter 5



C  h  a  p  t  e  r

6
Late cardiotoxicity after treatment for 
Hodgkin’s lymphoma 

Berthe M.P. Aleman*, Alexandra W. van den Belt-Dusebout*, Marie L. De Bruin, Mars B. van 

’t Veer, Margreet H.A. Baaijens, Jan Paul de Boer, Augustinus A.M. Hart, Willem J. Klokman, 

Marianne A. Kuenen, Gabey M. Ouwens, Harry Bartelink, Flora E. van Leeuwen.

* Both authors contributed equally to the study.

Blood. 2006 Nov 21 (Epub ahead of print) 

Berthe Aleman
Text Box
DOI 10.1182/blood-2006-07-034405  

Berthe Aleman
Text Box
 DOI 10.1182/blood-2006-07-034405 



Abstract

We assessed cardiovascular disease (CVD)-incidence in 1,474 Hodgkin’s lymphoma (HL) 

survivors younger than 41 years at treatment (1965-1995). Multivariable Cox regression 

and competing risks analyses were used to quantify treatment-effects on CVD-risk. After 

a median follow-up of 18.7 years, risks of myocardial infarction (MI) and congestive heart 

failure (CHF) were strongly increased compared to the general population [Standardized 

Incidence Ratios (SIRs)=3.6 and 4.9, respectively], resulting in 35.7 excess cases of MI and 

25.6 excess cases of CHF per 10,000 patients/year. SIRs of all CVDs combined remained 

increased for ≥25 years and were more strongly elevated in younger patients. Mediastinal 

radiotherapy significantly increased the risks of MI, angina pectoris, CHF and valvular disorders 

(2- to 7-fold). Anthracyclines significantly added to the elevated risks of CHF and valvular 

disorders from mediastinal RT (Hazard Ratios (HRs): 2.81 and 2.10, respectively). The 25-year 

cumulative incidence of CHF after mediastinal radiotherapy and anthracyclines in competing 

risk analyses was 7.9%. In conclusion, risks of several CVDs are 3- to 5-fold increased in HL-

survivors compared to the general population, even after prolonged follow-up, leading to 

increasing absolute excess risks over time. Anthracyclines further increase the elevated risks 

of CHF and valvular disorders from mediastinal radiotherapy.
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Introduction

Over the past decades, survival of patients treated for Hodgkin’s lymphoma (HL) has improved 

dramatically, as a result of the development of multi-agent chemotherapy (CT), more 

accurate radiotherapy (RT), and enhanced possibilities to reduce treatment-complications.1 

Unfortunately, the improved prognosis of HL has been accompanied by long-term toxicity, 

like elevated risks of second primary malignancies 2-9, cardiovascular disease (CVD) 2,3,8-10 and 

infections.2,8,9 Increased mortality of cardiac disease after mediastinal radiotherapy for HL has 

been reported in several studies.2,3,8-10 Dose-dependent anthracycline-induced cardiotoxicity 

has been observed in survivors of malignancies other than HL, who were usually treated 

with higher anthracyclines doses.11,12 It is not known, therefore, whether anthracyclines add 

to the in HL survivors increased risk of CVD from mediastinal RT. This is an important clinical 

question since most HL patients nowadays receive anthracycline-containing chemotherapy. 

Although a few studies reported on nonfatal cardiac events, comparisons with the general 

population were usually not made, because in most countries cardiovascular disease (CVD) 

incidence rates are not available.13-18 The purpose of our study was to assess the long-term risk 

of various CVDs in a cohort of 1,474 5-year survivors of HL treated between 1965 and 1995. 

Unique features of this study include long and near complete follow-up and the availability 

of complete treatment data, including radiation fields and chemotherapeutic agents. In 

addition, we compared the incidence of various CVDs with population-based reference rates 

from the general population, we accounted for competing risk of death from any cause and 

we incorporated cardiac risk factors in the analyses.

Patients and Methods

Data collection procedures
We included all 5-year survivors of HL diagnosed before age 41 years (n=1,486) from our 

late-effects HL cohort comprising 2,689 patients with HL as the first malignancy.6,9,19 

Patients were treated between 1965 and 1995 and identified through the hospital-based 

cancer registries of the Netherlands Cancer Institute, Amsterdam or Erasmus MC-Daniel den 

Hoed Cancer Center, Rotterdam. Patient selection and methods of data collection have been 

described in detail previously.6,9,19 Data were collected on date of birth, date of HL diagnosis, 

histology, clinical stage, cytostatic agents in primary and salvage treatment, radiation fields 

in primary and salvage treatment, dates and treatments of relapses, dates of diagnoses of 

cardiovascular events, cardiovascular risk factors at HL diagnosis and at end of follow-up, date 

of most recent medical information or date of death, vital status and cause of death. Smoking 

was scored positive when the patient was smoking at the end of follow-up or had stopped 

smoking less than one year before the end of follow-up. Hypertension, hypercholesterolemia 

and diabetes mellitus (DM) were scored positive when stated in the medical information 
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or when treated. Data were collected directly from the medical records, through general 

practitioners (GPs) and attending physicians. Questionnaires on specific cardiovascular 

diagnoses and risk factors were sent to the patients’ GPs and/or the patients’ last known 

attending physicians in case the information could not be obtained from the medical record. 

When there was ambiguous information on CVDs, additional information was requested 

from the patient’s cardiologist (n=43). Patients were not routinely screened for CVDs. For 

patients who died from acute CVD, without prior evidence of preceding CVDs, date of death 

was recorded as date of diagnosis of CVD and cause of death as CVD diagnosis. 

Twelve patients were excluded from the original cohort, because medical records could not 

be obtained and no information on CVD was received from the GP, leaving 1,474 patients 

for analysis. 

Treatment
Patients were usually treated in or according to EORTC trials.20 The distribution of radiotherapy 

fields is given in Table 1 and Figure 1, based on individual treatment data. Radiotherapy 

techniques have changed over the years. In the 1960s patients were treated with Cobalt 

60 or orthovoltage therapy; from the 1970s onwards linear accelerators were used (usually 

8 MV photons). Individual blocks were used to shield normal tissues as much as possible. 

Shielding of the distal part of the mediastinum was sometimes performed from the late 

1980s onwards in case there was no spread of disease below the aortic notch. The vast 

majority of mediastially-irradiated patients (n=1,241) has received a classical mediastinal field 

including a relatively large part of the coronary arteries and the heart muscle. In addition, 

most patients were treated with one field per day only. Using two fields per day was gradually 

introduced in the late 1980s. Patients usually received 40 Gy in fractions of 2.0 Gy when 

they were treated with RT only and 30-36 Gy in fractions of (1.5-)2.0 Gy when they also 

received chemotherapy. Detailed information on radiation doses and fractionation schedules 

for individual patients was not collected.

From the 1960s to the 1980s chemotherapy consisted mainly of MOPP (mechlorethamine, 

vincristine, procarbazine, prednisone). In the 1980s anthracycline-containing regimens like 

MOPP-ABV (mechlorethamine, vincristine, procarbazine, prednisone-doxorubicin, bleomycin, 

vinblastine) and ABVD (doxorubicin, bleomycin, vinblastine and dacarbazine) were introduced 

as a part of the primary treatment (Table 1).

Statistical analysis
The incidence of CVDs in the study population was compared with the Netherlands 

population, using age-, sex-, and calendar period–specific incidence rates for the period 

from 1972 through 2000 from the Continuous Morbidity Registration Nijmegen (CMRN) 

from several Dutch GP practices.21 Comparison of recent incidence rates of coronary heart 

disease (CHD), acute myocardial infarction (MI), and angina pectoris (AP) from the CMRN 

with incidence rates of several new registries in the Netherlands showed that incidence rates 

of the CMRN were similar to the mean of all registries combined, indicating that the CMRN 
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is representative of the Netherlands.22 Data on the incidence of MI, AP, and congestive heart 

failure (CHF) were registered by the CMRN, allowing for multiple separate diagnoses per 

person, but only the first of a given diagnosis was recorded.23,24 

Since we only included 5-year survivors, time at risk started 5 years from HL diagnosis and 

ended at date of diagnosis of a specific cardiovascular event, date of emigration, date of 

death or date of most recent medical information, whichever came first. When analyzing 

one specific cardiovascular diagnosis, observed numbers were based on all first events of 

this given diagnosis occurring at least 5 years after HL diagnosis, since the expected numbers 

of events were recorded correspondingly. Patients who were diagnosed with a specific 

cardiovascular event before HL diagnosis or within 5 years after HL diagnosis were excluded. 

In the analyses on coronary heart disease (CHD), comprising MI and AP, we excluded patients 

who were diagnosed with MI or AP before HL diagnosis or within 5 years after HL diagnosis. 

Two different approaches were used to assess risks for this combined diagnostic group. First, 

an analysis was performed in which both MI and AP were counted corresponding with the 

reference rates, which were also based on events rather than individuals. Since different 

Abbreviations: RT, radiotherapy; PAO, para-aortic; med, mediastinal
*Med RT=supradiaphragmatic radiotherapy including mediastinal radiotherapy
Inverted Y= para-aortic and iliac nodes
Overall 21% of the patients received radiotherapy including iliac nodes

Figure 1. Flow chart of applied radiation fields
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Table 1. Patient Characteristics

Patient Characteristics No. of HL patients

(n = 1,474)

%

Sex

Male 790 53.6

Female 684 46.4

Age at start of treatment

£ 20 years* 314 21.3

21-25 years 363 24.6

26-30 years 296 20.1

31-35 years 266 18.0

>35 years 235 15.9

Attained age at end of follow-up

£ 35 years 244 16.6

36 - 40 years 214 14.5

41 - 45 years 221 15.0

46 - 50 years 247 16.8

51 - 55 years 252 17.1

>56 years 296 20.1

Treatment period

< 1974 416 28.2

1974-1982 477 32.4

1983-1995 581 39.4

Treatment †

RT only 406 27.5

CT only 71 4.8

RT+CT, anthracylines 435 29.5

RT+CT, no anthracylines 559 37.9

Unknown 3 0.2

Radiotherapy ‡

RT mediastinum § 1,241 84.2

RT PAO or inverted Y + spleen || 410 27.8

RT PAO or inverted Y without spleen ¶ 280 19.0

Type of chemotherapy

MOPP ** 255 23.9

ABVD ** 38 3.6

MOPP-ABV ** 189 17.7

Other combined CT†† 496 46.6

Unknown 87 8.2

Vital status at date of last contact

Alive 1,017 69.0

Dead 457 31.0

Follow-up interval

6-10 years 197 13.4

11-15 years 322 21.8

16-20 years 292 19.8

21-25 years 268 18.2

26-30 years 200 13.6

> 30 years 195 13.2
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cardiovascular diagnoses may be more strongly correlated among our patients than in the 

general population, we also performed an analysis in which patients with both MI and AP 

contributed only one event to the observed numbers, with person-time at risk ending at the 

date of diagnosis of the first event, yielding conservative risk estimates.

For only 6.7% of patients information on CVDs was not complete until at least July 1st 

2002, date of death or date of emigration. These patients contributed person-time and 

cardiovascular events until the date of most recent CVD information in the analyses. The 

standardized incidence ratios (SIRs) of the observed (O) and expected (E) numbers of MI, 

AP, CHF and combined diagnostic groups in the study population were determined and 

the confidence intervals of the SIRs were calculated using exact Poisson probabilities of O 

numbers.25 In addition, observed cumulative incidences of MI and AP in the study population 

were compared with expected cumulative incidences in their peers in the general population. 

P-values for tests of heterogeneity and tests for trend were calculated according to standard 

Patient Characteristics No. of HL patients

(n = 1,474)

%

Risk factors‡‡

Smoking§§

Recent 253 17.2

Ever 675 45.8

Never 541 36.7

Unknown 258 17.5

Hypertension

Yes 147 10.0

No 1,292 87.7

Unknown 35 2.4

Diabetes Mellitus

Yes 73 5.0

No 1,381 93.7

Unknown 20 1.4

Hypercholesterolemia

Yes 126 8.5

No 1,316 89.3

Unknown 32 2.2

Abbreviations: HL, Hodgkin’s lymphoma; RT, radiotherapy; CT, chemotherapy; PAO, para-aortic lymph 
nodes; inverted Y, para-aortic and iliac lymph nodes; MOPP, mechlorethamine, vincristine, procarbazine, 
prednisone; ABVD, doxorubicin, bleomycin, vinblastine and dacarbazine; MOPP-ABV, mechlorethamine, 
vincristine, procarbazine, prednisone / doxorubicin, bleomycin, vinblastine; EBVP, epirubicine, bleomycin, 
vinblastine, prednisone. * 111 patients were 16 years or younger at HL diagnosis. † including primary 
and salvage therapy. RT includes all radiotherapy fields, not only mediastinal radiotherapy. ‡  describing 
the most frequently used radiation fields. § 1,114 during primary treatment. || 372 patients received RT 
to the mediastinum, para-aortic lymph nodes (or inverted Y) and spleen. ¶ 240 patients received RT to 
both the mediastinum and the para-aortic lymph nodes (or inverted Y) without RT to the spleen. ** no 
other cytostatic drugs. †† among those combinations including MOPP (n=167), MOPP-ABV (n=51), ABVD 
(n=73) and EBVP (n=43). ‡‡ Data from oncology records and general practitioners, not from screening on 
cardiovascular risk factors §§ no mutually exclusive categories

Table 1. Continued
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methods.26 Absolute excess risk (AER) was calculated as the observed number of CVDs in 

our cohort minus the number expected, divided by number of person-years at risk, multiplied 

by 10,000. The Attributable Risk (AR) was calculated as SIR minus 1 divided by SIR, multiplied 

by 100. Attained age was defined as the age of patients during follow-up and was calculated 

to assess at what ages patients experienced increased risk compared with their peers in the 

general population. Overall cardiovascular and diagnosis-specific risks were estimated using 

Figure 2. Observed and expected incidences of AP (2a) and MI (2b) by age among study population and 
peers from the general population
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the Kaplan-Meier method.27 Additionally, cumulative incidences of cardiovascular diseases 

were calculated with death from any cause as competing risk using S-plus statistical software 

(Insightful Corporation), including user-written functions.28 Multivariable Cox regression 

analysis was performed to quantify the effects of different treatments on CVD risk within 

the patient group, adjusting for confounders. Cox models were fitted using SPSS statistical 

software (SPSS Inc, Chicago, IL).

Table 2. Standardized Incidence Ratios of Specific Cardiac Diseases in 5-Year Survivors of Hodgkin’s 
Lymphoma

Diagnosis (ICD-9) O E SIR 95% CI AER* Median interval

(range) in years 

Combined diagnostic group 

Coronary heart disease (410, 413) † 233 57.7 4.0 3.5-4.6 87.0 20.2 (5.0-37.2)

Coronary heart disease (410, 413) ‡ 182 57.7 3.2 2.7-3.7 61.7 20.2 (5.0-37.2)

Specific heart diseases

Acute myocardial infarction (410) 102§ 28.5 3.6 2.9-4.4 35.7 19.5 (7.0-37.5)

Angina pectoris (413) 134|| 32.4 4.1 3.5-4.9 49.6 20.7 (5.1-37.2)

Congestive heart failure (428) ** 52 10.7 4.9 3.6-6.4 25.6 18.5 (5.0-39.0)

Pericarditis (420,423) 23 - - - - 13.6 (6.4-31.1)

Valvular disorders (424) 160 - - - - 23.3 (5.0-37.8)

Cardiomyopathy (425) 33 - - - - 18.0 (5.8-34.0)

Dysrhythmia (427) 89 - - - - 18.3 (5.2-39.6)

All heart diseases 619†† - - - - 18.8 (5.0-39.6)

Abbreviations: ICD-9, International Classification of Diseases, 9th revision; CVD, cardiovascular disease; O, 
observed number of specific CVD; E, expected number of specific CVD; AER, absolute excess risk. 
* Per 10,000 person-years. The absolute incidence rate/10,000 can be calculated with the following 
formula: AER+AER/(SIR-1) x 10,000. † Acute myocardial infarction and angina pectoris combined allowing 
both diagnoses per person; 51 patients had both diagnoses. ‡Acute myocardial infarction and angina 
pectoris combined allowing only one event per person. §84 men and 18 women. || 86 men and 48 
women. ¶Congestive Heart Failure was observed in 59 patients but because reference rates are available 
from 1986, analyses were based on person-years and events since 1986; seven patients with CHF before 
1986 are excluded from this analysis. **No reference rates available. ††In addition to the CVDs mentioned 
in the Table: endocarditis (n=6), cardiac aneurysm (n=2) and sudden cardiac death (n=11). Among 
patients with more than one CD frequently observed combinations were: CHF with valvular disorders 
(n=29), CHF with AP (n=22), CHF with MI (n=14), CHF with cardiomyopathy (n=10), dysrhythmia with 
MI (n=14), dysrhythmia with AP (n=31) and dysrhythmia with valvular disorders (n=43). Among men in 
total 356 cardiac events were observed consisting of MI (23.6%), AP (24.2%), valvular disorders (18.6%), 
dysrhythmia (12.9%), CHF (7.9%), cardiomyopathy (5.9%), pericarditis (3.4%), endocarditis (<1%) and 
cardiac aneurysm (<1%). Among women in total 263 cardiac events were observed consisting of MI 
(6.8%), AP (18.3%), valvular disorders (35.7%), dysrhythmia (16.3%), CHF (11.8%), cardiomyopathy 
(4.6%), and pericarditis (4.2%).
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Table 3. Risk of Important Cardiovascular Diseases by Gender, Age at Start of Treatment, Attained age, 
Treatment and Follow-up IntervaI

Myocardial Infarction Angina Pectoris Congestive Heart Failure*

Person-Years† O SIR 95% CI AER‡ O SIR 95% CI AER‡ O SIR 95% CI AER‡

Gender 

Men 10,528 84 4.2 3.4-5.2 60.7 86 3.7 3.0-4.6 59.4 25 3.9 2.5-5.7 21.7

Women 10,034 18 2.1 1.2-3.3 9.4 48 5.2 3.8-6.9 39.1 27 6.4 4.2-9.4 29.8

Age at start of treatment

£ 20 years 4,892 9 5.4 2.4-10.3 15.0 20 11.6 7.0-17.9 37.2 11 18.2 9.0-32.6 27.6

21-25 years 5,227 25 5.9 3.8-8.7 39.7 30 6.2 4.2-8.8 48.1 11 7.0 3.5-12.5 23.1

26-30 years 4,111 22 4.1 2.6-6.2 40.4 30 4.8 3.2-6.9 58.6 13 6.7 3.6-11.5 34.7

31-35 years 3,746 24 2.7 1.8-4.1 40.7 26 2.6 1.7-3.9 43.5 8 2.5 1.1-4.9 16.0

36-40 years 2,630 22 2.6 1.6-4.0 51.8 28 2.9 1.9-4.2 70.2 9 2.7 1.2-5.1 26.4

P trend .001 < .001 < .001

Attained age§

< 40 years 10,353 13 4.4 2.3-7.5 9.7 17 6.0 3.5-9.6 13.7 9 26.0 11.8-49.5 12.6

40-49 years 6,974 44 4.0 2.9-5.4 47.4 51 3.8 2.8-5.0 53.8 19 5.1 3.1-8.1 25.8

³ 50 year 3,278 45 3.1 2.3-4.2 93.0 66 4.1 3.2-5.2 159.4 24 3.9 2.5-5.8 55.9

P trend 0.17 0.43 < .001

Treatment||

Initial RT only 6,551 36 3.9 2.7-5.4 49.9 54 5.2 3.9-6.7 66.8 18 4.8 2.8-7.6 27.1

RT+CT, no anthracyclines 8,994 50 3.9 2.9-5.1 66.0 57 3.8 2.9-5.0 47.0 25 5.3 3.4-7.8 31.8

RT+CT, anthracyclines 3,933 14 3.5 1.9-5.9 23.6 20 4.5 2.7-6.9 39.9 9 6.2 2.8-11.8 21.2

Initial CT only 1,083 2 1.0 0.1-3.5 7.4 2 0.8 0.1-2.9 -4.6 0 0.0 1.3-5.2 -8.2

Anthracycline-containing 

chemotherapy

No 9,870 52 3.5 2.6-4.6 37.7 60 3.5 2.7-4.5 43.3 25 4.6 3.0-6.8 27.5

Yes 4,141 14 3.3 1.8-5.5 23.5 20 4.2 2.6-6.5 37.1 9 5.8 2.6-11.1 19.8

Follow-up interval

5-9 years 6,872 7 1.7 0.7-3.6 4.3 12 2.6 1.3-4.5 10.7 5 7.1 2.3-16.8 11.0

10-14 years 5,457 24 4.4 2.8-6.5 33.9 21 3.3 2.0-5.1 26.8 5 3.4 1.1-7.9 8.7

15-19 years 3,861 24 4.0 2.5-5.9 46.4 25 3.5 2.2-5.1 46.0 19 8.5 5.1-13.2 47.3

20-24 years 2,443 26 4.7 3.1-7.0 84.0 30 4.6 3.1-6.5 96.7 6 2.4 0.9-5.2 13.7

³25 years 1,973 21 2.9 1.8-4.4 69.2 46 6.0 4.4-8.0 207.7 17 4.5 2.6-7.3 62.5

P trend 0.65 0.001 0.29

Abbreviations: O, observed number of specific CVD; SIR, standardized incidence ratio; AER, absolute 
excess risk; RT, radiotherapy; CT, chemotherapy. * Because reference rates are available from 1986, 
analyses were based on person-years and events since 1986. For this calculation the numbers of person-
years for the follow-up periods from 20 years after diagnosis were similar as in the other analyses, but 
differed for the follow-up periods till 19 years after diagnosis. The numbers of person-years for follow-up 
periods till 19 years were: 5-9 years: 3,907 person-years; 10-14 years: 4,044 person-years; 15-19 years: 
3,541 person-years; 7 patients with CHF before 1986 are excluded from this analysis. † Number of person-
years for angina pectoris and congestive heart failure were similar as those for myocardial infarction.

‡ Per 10,000 patients per year. The absolute incidence rate/10,000 can be calculated with the following 
formula: AER+AER/(SIR-1) x 10,000. § Attained age was defined as the age of patients at diagnosis of a 
given cardiovascular event or at the end of follow-up and was calculated to assess at what ages patients 
experienced increased risk compared with their peers in the general population. Each patient contributed 
person-years to each consecutive attained-age category that the patient passed through during follow-up. 
|| RT includes all irradiated patients (n=1,400); see flow chart for detailed information. Three patients 
with incomplete treatment data were excluded from the analyses regarding treatment effects.
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Table 3. Risk of Important Cardiovascular Diseases by Gender, Age at Start of Treatment, Attained age, 
Treatment and Follow-up IntervaI

Myocardial Infarction Angina Pectoris Congestive Heart Failure*

Person-Years† O SIR 95% CI AER‡ O SIR 95% CI AER‡ O SIR 95% CI AER‡

Gender 

Men 10,528 84 4.2 3.4-5.2 60.7 86 3.7 3.0-4.6 59.4 25 3.9 2.5-5.7 21.7

Women 10,034 18 2.1 1.2-3.3 9.4 48 5.2 3.8-6.9 39.1 27 6.4 4.2-9.4 29.8

Age at start of treatment

£ 20 years 4,892 9 5.4 2.4-10.3 15.0 20 11.6 7.0-17.9 37.2 11 18.2 9.0-32.6 27.6

21-25 years 5,227 25 5.9 3.8-8.7 39.7 30 6.2 4.2-8.8 48.1 11 7.0 3.5-12.5 23.1

26-30 years 4,111 22 4.1 2.6-6.2 40.4 30 4.8 3.2-6.9 58.6 13 6.7 3.6-11.5 34.7

31-35 years 3,746 24 2.7 1.8-4.1 40.7 26 2.6 1.7-3.9 43.5 8 2.5 1.1-4.9 16.0

36-40 years 2,630 22 2.6 1.6-4.0 51.8 28 2.9 1.9-4.2 70.2 9 2.7 1.2-5.1 26.4

P trend .001 < .001 < .001

Attained age§

< 40 years 10,353 13 4.4 2.3-7.5 9.7 17 6.0 3.5-9.6 13.7 9 26.0 11.8-49.5 12.6

40-49 years 6,974 44 4.0 2.9-5.4 47.4 51 3.8 2.8-5.0 53.8 19 5.1 3.1-8.1 25.8

³ 50 year 3,278 45 3.1 2.3-4.2 93.0 66 4.1 3.2-5.2 159.4 24 3.9 2.5-5.8 55.9

P trend 0.17 0.43 < .001

Treatment||

Initial RT only 6,551 36 3.9 2.7-5.4 49.9 54 5.2 3.9-6.7 66.8 18 4.8 2.8-7.6 27.1

RT+CT, no anthracyclines 8,994 50 3.9 2.9-5.1 66.0 57 3.8 2.9-5.0 47.0 25 5.3 3.4-7.8 31.8

RT+CT, anthracyclines 3,933 14 3.5 1.9-5.9 23.6 20 4.5 2.7-6.9 39.9 9 6.2 2.8-11.8 21.2

Initial CT only 1,083 2 1.0 0.1-3.5 7.4 2 0.8 0.1-2.9 -4.6 0 0.0 1.3-5.2 -8.2

Anthracycline-containing 

chemotherapy

No 9,870 52 3.5 2.6-4.6 37.7 60 3.5 2.7-4.5 43.3 25 4.6 3.0-6.8 27.5

Yes 4,141 14 3.3 1.8-5.5 23.5 20 4.2 2.6-6.5 37.1 9 5.8 2.6-11.1 19.8

Follow-up interval

5-9 years 6,872 7 1.7 0.7-3.6 4.3 12 2.6 1.3-4.5 10.7 5 7.1 2.3-16.8 11.0

10-14 years 5,457 24 4.4 2.8-6.5 33.9 21 3.3 2.0-5.1 26.8 5 3.4 1.1-7.9 8.7

15-19 years 3,861 24 4.0 2.5-5.9 46.4 25 3.5 2.2-5.1 46.0 19 8.5 5.1-13.2 47.3

20-24 years 2,443 26 4.7 3.1-7.0 84.0 30 4.6 3.1-6.5 96.7 6 2.4 0.9-5.2 13.7

³25 years 1,973 21 2.9 1.8-4.4 69.2 46 6.0 4.4-8.0 207.7 17 4.5 2.6-7.3 62.5

P trend 0.65 0.001 0.29

Abbreviations: O, observed number of specific CVD; SIR, standardized incidence ratio; AER, absolute 
excess risk; RT, radiotherapy; CT, chemotherapy. * Because reference rates are available from 1986, 
analyses were based on person-years and events since 1986. For this calculation the numbers of person-
years for the follow-up periods from 20 years after diagnosis were similar as in the other analyses, but 
differed for the follow-up periods till 19 years after diagnosis. The numbers of person-years for follow-up 
periods till 19 years were: 5-9 years: 3,907 person-years; 10-14 years: 4,044 person-years; 15-19 years: 
3,541 person-years; 7 patients with CHF before 1986 are excluded from this analysis. † Number of person-
years for angina pectoris and congestive heart failure were similar as those for myocardial infarction.

‡ Per 10,000 patients per year. The absolute incidence rate/10,000 can be calculated with the following 
formula: AER+AER/(SIR-1) x 10,000. § Attained age was defined as the age of patients at diagnosis of a 
given cardiovascular event or at the end of follow-up and was calculated to assess at what ages patients 
experienced increased risk compared with their peers in the general population. Each patient contributed 
person-years to each consecutive attained-age category that the patient passed through during follow-up. 
|| RT includes all irradiated patients (n=1,400); see flow chart for detailed information. Three patients 
with incomplete treatment data were excluded from the analyses regarding treatment effects.
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Results

General
Patient characteristics and distribution of risk factors for CVDs are described in Table 1. 

Twenty-eight percent of patients received RT only, 5% received CT alone, 38% RT and CT not 

containing anthracyclines and 29% RT and CT including anthracyclines. Overall 84% of patients 

received radiotherapy including the mediastinum. The median age at start of treatment was 

25.7 years; median follow-up time was 18.7 years for the whole cohort (a total of 28,669 

person-years) and 20.1 years for the 1,017 patients alive at the end of follow-up. Thirty percent 

of the patients recently smoked cigarettes and 10% were diagnosed with hypertension.

Cardiovascular disease risk 
We observed 619 CVDs at least 5 years from HL diagnosis in 354 out of 1,474 5-year survivors; 

157 patients developed multiple CVDs (Table 2). Valvular disorders, AP and MI were the most 

common CVDs with 160, 134 and 102 events, respectively. The median time between start 

of treatment for HL and the diagnosis of CVDs was almost 19 years (Table 2).

The overall SIR for CHD was 4.0 (95% CI, 3.5-4.6) when all multiple events per patient were 

included (n =233); and 3.2 (95% CI, 2.7-3.7) when only the first event was included (n = 182). 

SIRs were significantly elevated for MI (SIR=3.6), AP (SIR=4.1) and CHF (SIR=4.9), resulting in 

35.7 excess cases of MI, 49.6 excess cases of AP and 25.6 excess cases of CHF per 10,000 

person-years (Table 2). In comparison with the general population we observed significantly 

higher cumulative incidences of MI and AP in the study population (Figure 2).

The SIR for MI was significantly elevated beginning 10 years after treatment and remained 

increased with longer follow-up duration (Table 3). The AERs, however, increased with longer 

follow-up duration, because of the increasing incidence of CVD with age. After a follow-up 

of 25 years or more, 70 excess cases of MI were observed per 10,000 person-years (Table 

3). The SIRs of AP and CHF were more strongly elevated in patients treated for HL before the 

age of 20 years (Table 3). The decreasing trend of SIRs for CHF with older attained age was 

significant (P<0.001).

There were no significant differences in SIRs of MI, AP and CHF according to different treatment 

schedules (Table 3). The median follow-up after anthracycline-containing chemotherapy, 

however, was significantly lower (13.3 years) than after radiotherapy alone (22.2 years) or 

after radiotherapy in combination with chemotherapy not containing anthracyclines (21.9 

years) (Table 1). 

Comparisons within the study cohort
In the multivariable Cox model analyses, treatment variables were adjusted for age at 

diagnosis, CVD risk factors and recent smoking. Mediastinal radiotherapy significantly 

increased the risks of valvular disorders, CHD and CHF (Table 4). In addition, the risks of CHF 

and valvular disorders significantly increased when mediastinal radiotherapy was combined 

with anthracycline-containing chemotherapy (Hazard Ratios (HRs): 2.81; 95%CI: 1.44-5.49 
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and 2.10; 95%CI: 1.27-3.48, respectively) (Table 4, Model 2). Established cardiovascular risk 

factors, except hypertension, increased the risk of most CVDs, but did not appear to interact 

with treatment effects (Table 4, Model 1).

Out of the 457 patients who died, the main causes of death were HL (n=135), second primary 

malignancies (n=137) and CVDs (n=73; including 22 from MI). The overall 30-year cumulative 

incidence in mediastinally-irradiated patients, using the competitive risk method, was 34.5% 

for any CVD, 12.9% for MI and 19.7% for valvular disorders (Figure 3). 

Table 4. Multivariable Cox Regression Analysis of Potential Risk Factors for Cardiac Diseases*

MI† AP† CHF†‡ Valvular 

disorders†

Risk factor HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

Model 1 (n = 102) (n = 129) (n = 82) (n = 159)

Treatment§

Mediastinal RT (yes v no) 2.42 (1.12-5.24) 4.85 (1.97-11.9) 7.37 (1.81-30.0) 7.01 (2.59-18.9)

Anthracycline-containing CT (yes v no) 0.90 (0.50-1.62) 1.49 (0.89-2.49) 2.44 (1.37-4.33) 2.24 (1.40-3.59)

Cardiovascular risk factors

Recent smoking (yes v no/unknown) 2.04 (1.29-3.23) 1.35 (0.85-2.16) 1.96 (1.16-3.30) 1.23 (0.80-1.88)

Hypertension (yes v no/unknown)|| 0.52 (0.29-0.94) 0.90 (0.58-1.42) 1.07 (0.59-1.94) 1.28 (0.86-1.92)

Hypercholesterolemia (yes v no/

unknown)||
4.12 (2.68-6.33) 4.55 (3.10-6.68) 1.48 (0.85-2.58) 1.65 (1.11-2.44)

Diabetes Mellitus (yes v no/unknown)|| 1.44 (0.73-2.83) 2.43 (1.45-4.09) 4.45 (2.54-7.81) 1.81 (1.07-3.04)

Model 2 (n = 95) (n = 124) (n = 80) (n = 155)

Treatment group¶

Mediastinal RT only 1.00** 1.00** 1.00** 1.00**

Mediastinal RT + CT, no 

anthracyclines††

1.17 (0.75-1.83) 0.78 (0.53-1.15) 1.33 (0.79-2.24) 0.85 (0.60-1.21)

Mediastinal RT + CT, anthracyclines‡‡ 1.00 (0.52-1.94) 1.32 (0.76-2.30) 2.81 (1.44-5.49) 2.10 (1.27-3.48)

Abbreviations: MI, myocardial infarction; AP, angina pectoris; CHF, congestive heart failure; HR, hazard 
ratio; RT, radiotherapy; CT, chemotherapy. * Forward stepwise confounder selection, in which the effect 
of adding one confounder at a time was evaluated, was based on a more than 10% change in the risk 
estimate of the exposure variable of interest, irrespective of significance values. Cardiovascular risk factors 
(hypertension, hypercholesterolemia and Diabetes Mellitus) were included as confounders in the model 
although they did not change the risk estimate for the treatment variables with more than 10%, since 
these are established confounders in the literature and informative as a comparison with the estimates 
for the treatment variables. † Adjusted for recent smoking (yes versus no), age at diagnosis (continuous) 
and cardiovascular risk factors (hypertension, hypercholesterolemia and Diabetes Mellitus). No interaction 
was found between RT and CT, or between treatment and recent smoking (investigated for RT and 
CT separately). ‡ Cardiomyopathy included (n = 33, of whom 10 also had CHF). § Includes primary 
and salvage treatment. || Patients were not screened for cardiovascular risk factors; data have been 
obtained from medical records and general practitioners. ¶ Patients who had not received mediastinal 
irradiation were excluded (n = 233). ** Reference values. †† 196 patients have been treated with the 
MOPP-regimen only, 87 patients have been treated with the MOPP-regimen and (an)other CT-regimen(s). 
‡‡ 153 patients have been treated with MOPP-ABV-regimen only, 43 patients have been treated with the 
MOPP-regimen and (an)other CT-regimen(s), and 34 patients have been treated with the ABVD-regimen 
only and 58 patients have been treated with the ABVD-regimen and (an)other CT-regimen(s).
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Figure 3a. Cumulative Incidence of all CVDs Combined by Treatment Group with Death from Any Cause 
as Competing Risk*

Abbreviations: med RT, mediastinal RT; CT, chemotherapy; anthra, anthracyclines; MI, myocardial 
infarction; AP, angina pectoris and CHF, congestive heart failure. * CVDs included. † 13 patients were 
excluded from this analysis because they developed MI, AP or CHF before or within 5 years after HL 
diagnosis.

Figure 3b. Cumulative Incidence of CHF and Cardiomyopathy Combined by Treatment Group with Death 
from Any Cause as Competing Risk

Abbreviations: med RT, mediastinal RT; CT, chemotherapy; anthra, anthracyclines; CHF, congestive heart 
failure. * one patient was excluded from this analysis because CHF developed before or within 5 years 
after HL diagnosis. 
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Figure 3c. Cumulative Incidence of Valvular Disorders by Treatment Group, with Death from Any Cause 
as Competing Risk

Abbreviations: med RT, mediastinal RT; CT, chemotherapy; anthra, anthracyclines. * 4 patients were 
excluded from this analysis because they developed valvular disorders before or within 5 years after HL 
diagnosis.

We compared actuarial risks of CHF or cardiomyopathy according to the Kaplan-Meier 

method with cumulative incidence with death from all causes as competing risk. The 25-

year actuarial risks of CHF after mediastinal RT alone and mediastinal RT in combination 

with anthracycline-containing chemotherapy were 7.5% and 10.7%, respectively, while the 

cumulative incidences were lower, i.e. 6.8% and 7.9% respectively (Table 5).

Discussion 

In our population of 5-year survivors of Hodgkin’s Lymphoma (HL) we observed 3- to 5-fold 

increased incidences of several cardiovascular diseases (CVDs) as compared to the general 

population, even after a follow-up of more than 25 years. This suggests that 66 to 80% 

of all CVDs in our population were due to HL-treatment. Coronary heart disease (CHD) 

contributed most to the CVD burden, with 62 excess cases per 10,000 persons per year. The 

stably increased SIRs over prolonged follow-up are concerning because they imply increasing 

AERs over time, due to the rising incidence of CVD with age. The importance of assessing 

cardiovascular morbidity rather than mortality is illustrated by the fact that MI was nonfatal 

in 78% in our patient population. 
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Table 5. Actuarial Risk of CHF and Cardiomyopathy combined in 5-year Survivors of HL according to the 
Kaplan-Meier Method versus Cumulative Incidence with Death from Any Cause as Competing Risk

Actuarial risk (%) according to the Kaplan-Meier method*

Time since diagnosis†

Treatment group 10-yr 15-yr 20-yr 25-yr 30-yr 35-yr

No mediastinal RT 0.4 0.4 0.4 0.4 2.5 2.5

Mediastinal RT only 0.0 0.6 4.5 7.5 13.9 13.9

Mediastinal RT+CT, no 

anthracyclines

0.7 1.7 3.5 6.5 11.3 24.8

Mediastinal RT+anthracyclines 1.5 2.8 10.7 10.7 29.8 NA

All treatments 0.7 1.5 4.4 6.7 12.2 20.0

Cumulative incidence (%) with death from any cause as competing risk*

Time since diagnosis†

Treatment group 10-yr 15-yr 20-yr 25-yr 30-yr 35-yr

No mediastinal RT 0.4 0.4 0.4 0.4 2.0 2.0

Mediastinal RT only 0.0 0.6 4.2 6.8 11.7 11.7

Mediastinal RT+CT, no 

anthracyclines

0.6 1.5 2.8 4.9 7.6 14.3

Mediastinal RT+anthracyclines 1.4 2.5 7.9 7.9 15.7 NA

All treatments 0.6 1.3 3.7 5.4 8.9 13.1

Abbreviations: CHF, congestive heart failure; RT, radiotherapy; CT, chemotherapy; NA, not applicable 
because there were no patients at risk in this subgroup. *The median age at diagnosis was similar for 
the different treatment groups. † Since only patients who survived at least 5 years after HL-diagnosis and 
patients without previous CVDs are included the cumulative incidence at 5 years is 0% for all patients.

When evaluating specific treatment effects we observed 2- to 7-fold increased risks of 

cardiotoxicity after irradiation including part of the heart. Increased risks of death from 

radiation-associated CVD have been frequently described.8-10,29-36 Radiation-induced CVD 

includes a wide spectrum of pathologies.37,38 Damage of the vascular endothelium of 

arteries of different sizes is probably important in the explanation of radiation-induced heart 

disease.37,39,40 The cause of valvular fibrosis, however, is yet unknown. 

Radiation-induced cardiotoxicity is usually observed 5-10 years after radiotherapy. Nowadays 

the standard therapy for the majority of patients with HL includes anthracycline-containing 

chemotherapy. Anthracycline-related toxicity may be observed at different intervals after 

therapy. Despite the relatively short median observation time of 13 years after anthracycline-

containing therapy, we observed a 2-fold increased risk of CHF and valvular disorders, on top 

of the effect of mediastinal radiotherapy. 

The 25-year cumulative incidence of CHF and cardiomyopathy combined was 7.9% after 

mediastinal radiotherapy and anthracycline-containing chemotherapy. The risks of CVDs may 

further increase with prolonged follow-up. Anthracycline-associated cardiotoxicity is caused 

by direct damage to the myoepithelium, and strongly related to the cumulative dose.41,42 

Although we did not record the cumulative dose of anthracyclines for individual patients, 

it is expected to be below 280 mg/m2 since treatment for HL in both study centers usually 
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consisted of maximally 8 cycles of MOPP-ABV (mechlorethamine, vincristine, procarbazine, 

prednisone/ doxorubicin, bleomycin and vinblastine). With the current shift to anthracycline-

containing chemotherapy in HL, the doxorubicin dose will vary between 200 and 400 mg/m2, 

possibly increasing the chemotherapy-related incidence of cardiotoxicity. 

We observed higher SIRs of MI, AP and CHF in patients treated at a young age, especially 

among those treated before age 20. In our publication on long-term mortality, largely 

concerning the same cohort as currently described, we demonstrated a 6-fold increased 

standardized mortality ratio from CVDs in HL patients treated before age 41.9 Other authors 

also found age at irradiation to be a major determinant of mortality from CVD.10,29,30 

The higher risks in the patients treated at a younger age may partly be explained by low 

background incidence rates of CVDs. Furthermore immature cardiovascular tissue may be 

more vulnerable to radiation and chemotherapy.

Possibilities for primary and secondary prevention of chemotherapy-associated cardiotoxicity 

have been examined, using for instance altered infusion schedules and drugs like iron chelators 

(dexrazoxane).43 Dexrazoxane seems promising but some investigators are concerned that it 

might diminish the efficacy of chemotherapy.44

The value of secondary prevention for CVDs is debatable. Subclinical cardiac damage has 

been shown in up to 57% of children or adults after treatment with anthracyclines and/or 

radiotherapy including part of the heart.11,38,45,46 However, identification of patients at high 

risk to develop clinically important cardiotoxicity, is not possible yet.47,48 We showed that 

classical risk factors for cardiovascular diseases, except hypertension, increased the incidence 

of CVDs. Possibly hypertension did not increase CVD-risk because HL-patients diagnosed with 

hypertension were adequately treated, while the reference group of patients without known 

hypertension may include undiagnosed hypertensives. Newly diagnosed HL patients and HL 

survivors, especially when treated at young ages, should strongly be advised to refrain from 

smoking, to maintain a healthy body weight and to exercise regularly. Furthermore, established 

risk factors for CVDs should be optimally treated in the patient population at increased risk of 

developing CVDs.49 Screening may be considered, since the patient population at risk usually 

has a considerable life expectancy 38,45 and these diagnostic procedures are non-invasive 

and relatively cheap. In the future N-terminal pro-B-type natriuretic peptide (NT-proBNP) may 

also be used as a marker.50,51 The role of prevention, using for instance anticoagulants, ACE-

inhibitors and statins, remains to be determined.

Our study has important strengths. To the best of our knowledge, we are the first to 

compare the incidences of several heart diseases in a large group of HL-patients treated 

with anthracycline-containing chemotherapy with the general population. In a relatively 

small group of mediastinally-irradiated HL-patients (treated with or without chemotherapy) 

a Swiss group compared the incidence of fatal and non-fatal cardiac disease in their study 

population to the incidence in the U.S. Framingham population. A significantly increased 

risk of ischaemic heart disease was observed only in patients with established cardiovascular 

disease risk factors.14 Incidence rates of hospitalization for ischaemic heart disease 35 

and of utilization of valve surgery, percutaneous interventions and coronary bypass graft 
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surgery among HL patients 52 compared to general population rates, have been used as 

surrogate markers for CVD-incidence. Furthermore, we achieved complete follow-up on both 

cardiac morbidity and mortality, whereas most studies assessed cardiac mortality only, thus 

underestimating the importance of CVD as a long-term complication of HL treatment. In 

addition, we did not only calculate actuarial risks 7, but also cumulative incidences with death 

from any cause as competing risk.28 The results show that the Kaplan-Meier actuarial risk 

method overestimates CVD risk, since it wrongly assumes that dead patients, had they lived 

longer, would have had the same CVD risk as surviving patients.28 Potential weaknesses of 

our study are the relatively short follow-up after anthracycline-containing chemotherapy, the 

lack of the possibility to study the effects of (anthracycline-containing) chemotherapy only 

and the lack of more detailed information on chemotherapy and radiation doses.

During the study period, treatment strategies and prognosis for patients with HL have 

changed tremendously.20 In the current study 84% of the patients received mediastinal 

radiation, whereas in the future only a minority of patients will need this. Approximately 

two-thirds of HL patients present with mediastinal localizations, but not all of them will need 

to be irradiated and if so, the target volume will be much more limited than before. Decline 

of the increased risk of death from CVDs other than MI has already been reported after 

partial shielding of the heart and a reduction of the total radiation dose to the mediastinum 

below 30 Gy.10 In addition, radiotherapy techniques have greatly improved, leading to 

more homogeneous dose distributions and therefore to a lower chance of toxicity.53 Partial 

shielding of the heart 10 was applied in our cohort depending on tumor localization. We could 

not examine possible dose-effect or dose-volume relationships because details on radiation 

dose and volume were not collected. 

In summary, HL-patients experience a strongly increased risk of various CVDs for a prolonged 

period after treatment. Mediastinal radiotherapy and anthracycline-containing chemotherapy 

importantly contribute to cardiac late effects. Especially in young HL survivors at increased risk 

of CVD, physicians should consider appropriate risk reducing strategies such as treatment of 

hypertension and hypercholesterolemia, and life-style advice such as refraining from smoking.
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General 
Hodgkin’s lymphoma has evolved from a lethal disease before the 1960s to a disease 

with cure rates above 80% since the 1980s, due to improvements of radiotherapy and 

chemotherapy. With higher cure rates and prolonged follow-up, however, late effects of 

treatment were recognized. In order to identify treatments with a high chance of controlling 

the lymphoma and a minimal chance of severe, especially late, side effects, treatment for 

Hodgkin’s lymphoma is continuously being adapted. In this thesis both possibilities to improve 

cure rates of Hodgkin’s lymphoma and several aspects of late toxicity after treatment are 

described. In this chapter the studies on the role of radiotherapy in patients with advanced 

Hodgkin’s lymphoma (chapter 2-4) and those on the risk of late effects after treatment for 

Hodgkin’s lymphoma (chapter 5 and 6) are discussed. In addition, recommendations for 

daily clinical practice and future research are given.

Current treatment of Hodgkin’s lymphoma
In order to a priori tailor treatment to individual patients, several groups have developed 

prognostic scores.1,2 At present treatment is adjusted to classification of patients into 

different prognostic groups based on a combination of clinical, biological and pathological 

characteristics and extensive staging procedures. In table 1 definitions according to the EORTC, 

the GHSG, the Scotland and Newcastle Lymphoma Group (SNLG) and the NCI Canada are 

described. In addition Hasenclever et al have developed the International Prognostic Score 

for patients with advanced disease based on the following risk factors for: age > 45 years, 

male sex, stage IV, hemoglobin < 10.5 g/dl, albumin < 4 g/dl, lymphocytes < 0.8 x109/l or < 

6%, white blood count > 15 x109/l.3 

Choice of treatment is based not only on knowledge regarding prognostic factors but also 

on late effects of treatment. There is a large spectrum of late effects of radiotherapy and/or 

chemotherapy varying from decreased fertility, hormonal disturbances, pulmonary problems 

and fatigue to morbidity and mortality from second cancers and cardiovascular diseases. 

Radiotherapy alone is not the therapy of choice anymore, because of the risk of late effects, 

especially the increased risks of second cancers and cardiovascular toxicity. A combination of 

chemotherapy and extended-field radiotherapy may, however, lead to an even greater risk of 

complications.4-7

The risks of (late) toxicity of treatment must be balanced against the risk of treatment failure, 

since patients who do not respond to initial therapy, or who have an early relapse, are not 

likely to be cured by salvage treatment.8,9 In addition patient characteristics like age, gender 

and genetic susceptibility should also be taken into account when deciding on primary 

treatment; a limited number of cycles of chemotherapy plus limited low dose radiation may 

be preferred to more chemotherapy without radiotherapy in some patients, whereas in other 

patients avoiding radiotherapy could be more important.
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Treatment of patients with early stage Hodgkin’s lymphoma

Nowadays treatment for patients with early stage Hodgkin’s lymphoma will be tailored to 

the presence or absence of risk factors as defined by EORTC, GHSG and others (Table 1).

In general, at least in Europe, patients without risk factors will be treated with a limited 

number of cycles of relatively mild chemotherapeutic agents, usually followed by radiotherapy 

restricted to originally involved areas or even less.10,11

In patients with risk factors the number of cycles or the type of chemotherapy will be 

adjusted. Commonly radiotherapy limited to originally involved areas or even only to the 

originally involved nodes will be given after chemotherapy.10

Table 1. Risk factors and treatment groups according to the EORTC, GHSG, SNLG and NCI Canada

EORTC GHSG SNLG NCI Canada

Risk factors A. large mediastinal 

mass

A. large mediastinal 

mass

Ann Arbor stage Histology: MC or LD

IA,IIA=1

IB, IIB=2

IIIB=3

IV=4

B. age ≥50 years B. extranodal disease Age as absolute 

figure

ESR ≥50 mm/hour

C. elevated ESR* C. elevated ESR* Hemoglobin as 

absolute figure in 

g/dl

≥ 4 involved regions

D. ≥4 involved 

regions

D. ≥3 involved regions Absolute LC Age ≥40 years

<1.0x109/l=1

1.0-1.5x109/l=2

1.5-2.0x109/l=3

>2.0x109/l=4

Treatment groups

Early-stage favorable CS I-II without 

risk factors 

(Supradiaphragmatic)

CS I-II without risk 

factors

Not applicable Not applicable

Early-stage unfavorable 

(intermediate)

CS I-II with 

≥1 risk factors 

(Supradiaphragmatic)

CS I-IIA with ≥1 risk 

factor

Not applicable Not applicable

CS IIB with C/D but 

without A/B

Not applicable Not applicable

Advanced Stage CS III-IV CS IIB with A/B Not applicable Not applicable

CS III-IV Not applicable Not applicable

Abbreviations: EORTC: European Organization for Research and Treatment of Cancer; GHSG: German 
Hodgkin Study Group; SNLG: Scotland and Newcastle Lymphoma Group; NCI: National Cancer Institute; 
MC: mixed cellularity; LD: lymphocyte depleted; ESR: Erythrocyte Sedimentation Rate; CS: Clinical Stage; 
LC: Lymphocyte Count. * Erythrocyte sedimentation rate (≥50 mm/hour without B symptoms or ≥30 
mm/hour with B symptoms).
SNLG index=1.5858-0.0363Age+0.005 Age2+0.0683CS-0.086LC-0.0587 Hb.
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Treatment of patients with advanced stage Hodgkin’s lymphoma

Over the last decades several trials have been performed on the treatment of patients with 

advanced Hodgkin’s lymphoma (chapter 1). 

In chapter 2 to 4 the results of the randomized EORTC trial on the role of radiotherapy in the 

treatment of patients with advanced Hodgkin’s lymphoma (E20884)12,13 have been described. 

Of 739 patients included in the E20884, 421 had a complete remission; 161 of these patients 

were assigned to no further treatment, and 172 to involved-field radiotherapy. After a median 

follow-up of 79 months the five-year event-free survival rate was 84 percent in the group 

that did not receive radiotherapy and 79 percent in the group that received involved-field 

radiotherapy (P=0.35). We concluded (chapter 2) that patients in a complete remission after 

6-8 cycles of MOPP-ABV hybrid chemotherapy do not benefit from radiotherapy. One should, 

however, not conclude from these results that patients in complete remission after any type 

of chemotherapy do not need radiation. If chemotherapy is relatively mild, radiotherapy may 

still be needed.14-17 

Furthermore, patients who are in partial remission after chemotherapy probably benefit 

from radiotherapy since the event-free and overall survival rates of these patients treated 

with involved-field radiotherapy are comparable to the event-free and overall survival rates in 

patients in complete remission after chemotherapy (chapter 3). The data on patients in partial 

remission are scarce and difficult to interpret. Firstly, there used to be no uniform definition of 

response; some define a partial response as a 50% decrease while others use as a criterion a 

75% decrease in the product of two perpendicular diameters in all measurable and evaluable 

lesions, in conjunction with negative bone marrow, no disease symptoms and no new lesions. 

Hopefully, the modifications of uniform definition of response as proposed by Cheson et al18 

that are currently being developed, will be widely used in the future. In addition diagnostic 

tools have changed tremendously over the last decades. The introduction of high-quality CT-

scans in both staging before the start of treatment and restaging after treatment has made 

staging results much more accurate. A complete remission based on physical examination, 

laboratory examinations, plain chest X-ray, ultrasonography of the liver and spleen, and 

lymphangiography is therefore not completely comparable to a complete remission based on 

physical examination, laboratory examinations and modern chest- and abdominal CT-scans. 

A second problem in interpreting data on patients in partial remission after chemotherapy is 

that the treatment results of these patients are usually not specified separately, but described 

with either the results of patients in complete remission on chemotherapy19-21 or with those 

of patients with primary progressive disease or early relapse.8,22 In a recent inter-group 

randomized study of advanced stage Hodgkin’s lymphoma patients, two chemotherapy 

regimens (ABVD vs MOPP/ABV hybrid) were compared. Regardless of response (complete 

or partial remission), no radiotherapy was used. In patients in partial remission the relapse 

rate was 40-45%, while it was only 20-22% in patients in complete remission; overall survival 

was not specified23 for patients in partial remission. It is quite likely that a considerable 

number of patients in the EORTC study described in chapter 3, who were considered to be 

in partial remission because of residual abnormalities on the evaluation examinations, did 
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not have active residual disease. With the use of functional imaging like FDG-PET-scans, we 

expect to get more certainty about the nature of residual abnormalities in order to make a 

better selection of patients who might benefit from additional therapy. This is currently being 

investigated by the German Hodgkin Study Group (HD15).24 The main objectives of this trial 

are to decrease treatment toxicity without jeopardizing the treatment outcome and to study 

the prognostic significance of negative FDG-PET-scans. In our opinion, patients in partial 

remission after adequate chemotherapy should be irradiated. Although in the trial (E20884) 

involved-field radiotherapy was used, we nowadays advise more limited radiotherapy. 

Limitation of radiation volume and dose is expected to decrease the risks of cardiovascular 

toxicity4 and of second solid cancers.25,26

Although the EORTC Lymphoma group recommends radiotherapy for patients in partial 

remission after chemotherapy, others opt for high dose chemotherapy. For instance the Groupe 

d’Études des Lymphomes de l’Adulte8 advocates high dose chemotherapy with peripheral 

stem cell support for patients with a partial response of less than 75% after chemotherapy, 

based on their results in 157 patients with failure to induction chemotherapy (n=67), 

partial response of less than 75% after induction chemotherapy (n=22) or relapse (n=68). 

In our opinion, however, the power of this study does not justify the advice of treatment 

intensification in patients in partial remission after induction chemotherapy. Furthermore, in 

the Intergroup HD01 trial27 and the SNLG HD3 trial28 no benefit of early intensification with 

high-dose chemotherapy and autologous stem-cell transplantation could be demonstrated. 

It is important to realize that high-dose chemotherapy with transplant is still related to acute 

treatment-related deaths in up to eight percent of the patients.8,9,27-29 Long-term follow-

up data after high-dose salvage therapy are still scarce. Andre et al reported an increased 

second solid tumor rate in a case-control study, comparing patients treated for primary or 

relapsed Hodgkin’s lymphoma with high-dose chemotherapy followed by autologous stem 

cell transplantation with patients treated with conventional therapy only.30

Late effects
A large spectrum of late effects following treatment of Hodgkin’s lymphoma has been 

recognized leading to both morbidity and mortality.

Mortality was described in a Dutch study31 (chapter 5) including all patients consecutively 

treated between 1965 and 1987 in the Netherlands Cancer Institute (Amsterdam) and the 

Erasmus University Medical Center, Daniel den Hoed Cancer Center (Rotterdam) for Hodgkin’s 

lymphoma before the age of 41 years. A detailed analysis of this Dutch cohort confirms that 

overall survival has increased dramatically over the last decades; the 10-year overall survival 

improved from approximately 68% in patients treated between 1965 and 1972 to 88% in 

those treated between 1980 and 1988 (See Figure 1 - unpublished data). Since all patients 

treated for Hodgkin’s lymphoma in the two hospitals were included, patient selection is 

unlikely to be the explanation of this observation. Although survival improved substantially, 

Hodgkin’s lymphoma still remained the most important cause of death during all treatment 

periods. For patients treated between 1965 and 1972, between 1973 and 1979 and between 
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1980 and 1986, Hodgkin’s lymphoma was the cause of death in those who died during 

the first 10 years of follow-up in 83%, 82% and 67%, respectively. Death from Hodgkin’s 

lymphoma, however, was negligible after a follow-up of 20 years or more, whereas excess 

death from second cancers and cardiovascular disease continued to increase after a follow-

up of 10-15 years. No increase in risk of death from other causes than Hodgkin’s lymphoma 

was observed at five years from diagnosis, but a six-fold increased standardized mortality 

ratio from other causes was found after a follow-up of 25 years. The absolute excess risks of 

death from second solid tumors and cardiovascular disease among patients with a follow-up 

of 25 years or more were 140 and 40, respectively, per 10,000 persons per year, i.e. implying 

an excess number of 14 and 4, respectively for 100 patients followed for 10 years. Similar 

data have been obtained by others.32,33

Morbidity from late effects may also be considerable. For instance, three- to five-fold increased 

standardized incidence ratios of various heart diseases were observed in patients treated for 

Hodgkin’s lymphoma before the age of 41 years, even after a follow-up of more than 25 years 

(chapter 6). This implies that 66 to 80% of all cardiovascular diseases in our population were 

due to treatment for Hodgkin’s lymphoma. The stably increased standardized incidence ratios 

over prolonged follow-up are concerning because they imply increasing absolute excess risks 

over time, due to the rising incidence of cardiovascular diseases with age. The highest risks 

were observed after mediastinal radiotherapy. Remarkably, anthracycline-containing therapy 

two- to three-fold increased the from mediastinal radiotherapy elevated risks of congestive 

heart failure and valvular disorders. 
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After prolonged follow-up, 20 to 70 -fold increased standardized incidence ratios of leukemia 

and two to five-fold risks of solid cancers especially of the breast, lung, stomach and bladder 

have been observed,6,7,33-36 leading to absolute excess risks of approximately 17 per 10,000 

patients per year for leukemia and 29 per 10,000 patients per year for solid tumors.34 

The increased risk of leukemia is known to be related to chemotherapy6,7,37-41 and the 

increased risk of second solid tumors mostly to radiation. A radiation dose-effect relation 

has been shown for second breast cancer in women treated at young age for Hodgkin’s 

lymphoma.26,42 For Hodgkin’s lymphoma survivors who have been treated at age 25 years 

with classical mantle field irradiation to a dose of at least 40 Gy without alkylating agents, 

estimated cumulative absolute risks of breast cancer by age 35, 45, and 55 years of 1.4% 

(95% confidence interval [CI] = 0.9% to 2.1%), 11.1% (95% CI = 7.4% to 16.3%), and 29.0% 

(95% CI = 20.2% to 40.1%), respectively have been described.43

With improved possibilities to treat both the primary Hodgkin’s lymphoma and side effects, 

patients are at increasing risk of multiple late effects. In the long-term survivors cohort 

described in chapter 6, consisting of 1,474 patients treated for Hodgkin’s lymphoma before 

the age of 41 we observed 354 patients with one or more heart diseases and 360 patients 

with one or more second malignancies (see Table 2 for detailed information). Ninety-one 

patients developed both a heart disease and a second cancer. Survival was, as expected, 

especially poor after leukemia (all patients died) and after lung cancer (86% of patients died). 

Since incidence of diseases may be influenced by death from other causes, a competing 

risk analysis was performed for assessment of cumulative incidences of cardiac diseases. 

A comparison of actuarial risks of coronary heart failure or cardiomyopathy according to 

the Kaplan-Meier method and with death from all causes as competing risk shows that the 

25-year actuarial risks of coronary heart failure after mediastinal radiotherapy alone and 
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Table 2. Incidence versus mortality of new primary malignancies and cardiac diseases in 5-year survivors 
of Hodgkin’s lymphoma

Incidence Number of deaths (n=459) Lethality

Hodgkin’s lymphoma 1474 135 9.2

Second primary malignancy 360* 137 38.1

Leukemia 17 † 17 100

NHL 31 17 54.8

Lung cancer 36 31 86.1

Breast cancer 77 ‡ 11 15.5

Cardiac disease 608 73

MI 102 22 21.6

CHF 59 19 32.2

Other than malignancy or CD - 114 -

Abbreviations: NHL: non-Hodgkin’s lymphoma; MI: Myocardial Infarction; CHF: Congestive Heart Failure; 
CD: cardiac disease. * 313 patients had one new primary malignancy, 42 patients had 2 new primary 
malignancies and 5 had 3 new primary malignancies after Hodgkin’s lymphoma. †10/17 patients had 
acute myeloid leukemia. ‡including 8 patients with contralateral breast cancer. 



mediastinal radiotherapy in combination with anthracycline-containing chemotherapy were 

7.5% and 10.7%, respectively, while the cumulative incidences were lower, i.e. 6.8% and 

7.9% respectively.

With more modern treatment regimens including the use of less leukemogenic chemotherapy 

we expect the risk of leukemia to diminish. We also expect the risk of second breast cancer to 

change. A decrease in the risk may be observed because of decrease in radiation volume and 

dose. By contrast, with the use of less gonadotoxic chemotherapy like ABVD, the decrease of 

breast cancer risk by premature menopause after chemotherapy may no longer be observed. 

Cardiovascular morbidity may also change; we expect a decrease of radiation-related toxicity 

but an increase of chemotherapy-related toxicity. 

Strengths and limitations of studies presented in this thesis
Involved-Field Radiotherapy for Advanced Hodgkin’s Lymphoma (E20884)

The EORTC trial on the role of radiotherapy in the treatment of patients with advanced 

Hodgkin’s lymphoma (E20884) (chapter 2-4) is an important study because it is an adequately 

powered, prospective, randomized, multicenter trial evaluating a clinically relevant question. 

One of the limitations of the study concerns the fact that patients were entered over a period 

of almost 10 years. During this period staging and evaluation methods have evolved, possibly 

influencing patient selection. In the first year of the trial staging of the abdomen was not 

always done through a CT-scan, but with lymphangiography, possibly leading to less accurate 

staging. In addition, the image quality of CT-scans has improved over the years. Furthermore 

during the last two to three years FDG-PET scan became available. Although the results of 

the FDG-PET scan were not supposed to be used to determine remission, these results were 

sometimes taken into account by the individual investigators. Another weakness of the trial 

involves the quality of the radiation. In chapter 4 the results of the radiation quality control 

study of the patients randomized to involved-field radiotherapy after reaching a complete 

remission on chemotherapy. Although major violations of the radiation protocol did not 

influence outcome, the fact that 47% of the patients had one or more major violations was 

disappointing. The study on radiation quality did not include patients in partial remission 

on chemotherapy, whereas this could have been valuable, possibly even more valuable. On 

the other hand, our study is the first one to examine quality of radiotherapy in patients with 

advanced HL, not only including violations with regard to target volumes or total doses by 

area, but also adding all violations together on an individual basis. In addition we correlated 

protocol violations with pattern of relapse.

As was stated before it is quite likely that a considerable number of patients in the EORTC 

study described in chapter 3, who were considered to be in partial remission because of 

residual abnormalities on the evaluation examinations, did not have active residual disease. 

Because the outcome after involved-field radiotherapy after reaching a partial remission 

on chemotherapy was comparable to the outcome of those in complete remission after 

chemotherapy we concluded radiotherapy is indicated in patients in partial remission on 

chemotherapy. Whether or not this is true, could have been examined by randomization of 
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patients in partial remission to no further therapy or involved-field radiotherapy too. This 

design was not chosen because involved-field radiotherapy for patients in partial remission 

was considered indicated. 

In addition, MOPP-ABV hybrid is nowadays no longer considered to be the standard therapy 

for patients with advanced Hodgkin’s lymphoma. MOPP-ABV hybrid has been replaced by 

ABVD because of equal efficacy but a lower second malignancy risk of the latter23 and by 

escalated BEACOPP-variants in GHSG studies. 

Late effects studies

Strong points of both late effects studies (chapter 5 and 6) are the long and rather complete 

follow-up. In addition, our study on cardiotoxicity is, to the best of our knowledge, the first 

one not only describing mortality but also morbidity as compared to the general population, 

in a relatively large number of patients. Furthermore, the influence of several classical risk 

factors for cardiovascular diseases on the risk of cardiovascular diseases could be evaluated. 

An inherent limitation of retrospective cohort studies evaluating long-term treatment 

effects, is the replacement of the evaluated treatments by more modern treatments in the 

meanwhile. In our study on cardiac diseases we did include a group of patients treated 

with recent treatment regimens, including anthracycline-containing chemotherapy and more 

limited radiotherapy. The median follow-up after anthracycline-containing chemotherapy, 

however, was significantly lower (13.3 years) than after radiotherapy alone (22.2 years) or 

after radiotherapy in combination with chemotherapy not containing anthracyclines (21.9 

years). In addition, the late effects after chemotherapy only could not be studied since the 

number of patients treated with chemotherapy only in our cohort was too small (N=71). 

Furthermore we could not examine possible interaction between anthracycline-containing 

chemotherapy and radiotherapy, because the vast majority of our patient population received 

mediastinal radiotherapy. 

Another limitation of both studies on late effects after treatment for Hodgkin’s lymphoma 

is related to the selection of patients. In both studies only patients below 40 years of age 

at diagnosis of Hodgkin’s lymphoma were evaluated. The conclusions from these studies 

can only be extrapolated to patients above 40 years with caution. In addition, our study 

on cardiac diseases only included 5-year survivors after Hodgkin’s lymphoma. Although the 

survival of most patients with Hodgkin’s lymphoma is estimated to be more than 80% the 

results of these 5-year survivors can not be directly extrapolated to new patients or to those 

who only have a short follow-up. 

Implications
Clinical practice

Improved diagnostic possibilities will have a major influence on radiotherapy. Extended-field 

radiotherapy has already been replaced by involved-field radiotherapy, because extended-

field radiotherapy did not contribute to increased cure rates when radiation is combined 

with chemotherapy.44 Extensive radiation may, however, be associated with increased risks 
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of early44 and late toxicity.34,45 Until now, at least in the treatment for adults, radiation 

was given to involved areas, areas defined based on the Ann Arbor classification. A recent 

review of relapses after chemotherapy only, showed that these recurrences were always 

in the initially involved nodes.11 Combined modality therapy, sophisticated diagnostics 

like FDG-PET scans and CT-PET-scans and accurate radiotherapy will enable limitation of  

radiation dose and volume. The new EORTC studies for patients with early stage Hodgkin’s 

lymphoma prescribe irradiation fields limited to the area of pathological lymph nodes with 

a small margin. Radiation guidelines should be very clear, radiation oncologists will have to 

be trained and quality assurance, either early retrospectively or, if possible, prospectively, will 

have to be performed. It has been shown that radiotherapy for Hodgkin’s lymphoma may not 

always be performed according to the radiotherapy protocol (chapter 4).13,46,47 Although 

the violations of the radiotherapy protocol did not lead to an increased number of relapses 

in the EORTC 20884, others have shown a significant decrease in freedom from treatment 

failure associated with major violation of the radiotherapy protocol.48

By limiting radiation volume and dose it is expected that cardiovascular toxicity 4 and the 

risk of second cancers will be reduced.26,42 It is still difficult to predict what the influence of 

introducing more sophisticated radiation techniques would be on long-term adverse sequelae. 

For instance, using intensity modulated radiation therapy (IMRT) could in case of radiation 

of lymph nodes in the mediastinum lead to a lower dose to irradiated normal tissue, but a 

larger volume of irradiated tissues may receive a low radiation dose. From the studies by van 

Leeuwen and Travis we know a lower dose will decrease the risk of breast cancer, but so 

far no dose-volume relationships have been described with regard to the risk of developing 

breast cancer.26,42 Other unanswered questions regarding late effects concern effects of 

(gonadal) hormonal deficiencies on cardiovascular toxicity and second cancers. A reduction of 

the increased breast cancer risk following radiation on a part of the breast has been observed 

when the chemotherapy had caused premature menopause.26 Conversely, one might speculate 

that such an early menopause might increase the risk of cardiovascular diseases. 

The effect of hormone replacement therapy, because of early menopause, on breast 

cancer risk will be studied in the near future. The use of hormone replacement therapy 

in postmenopausal women should be carefully reviewed because of the possible influence 

on the risk of breast cancer. The data from late effects research in long-term survivors of 

Hodgkin’s lymphoma may partly be extrapolated to patients treated for different diseases but 

with similar treatments. Risk of late adverse effects of treatment for Hodgkin’s lymphoma can 

probably be applied to patients treated for Non-Hodgkin’s lymphoma with similar treatment. 

Of course this extrapolation has to be done carefully since in many situations there are 

differences in treatment combinations; also the older age at treatment of most NHL patients 

likely changes the risk-benefit equation for many treatments.

In general information, to the patient about expected cure rates for specific treatments of 

Hodgkin’s lymphoma and about toxicity of treatment will depend on many patient-related 

factors like age, gender, prognostic factors regarding Hodgkin’s lymphoma, co-morbidity, 

wish to preserve fertility etc. Before the start of the treatment the emphasis of information 
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is generally focused on control of lymphoma and acute side effects. Of course late effects 

will already have to be discussed in the beginning, especially when special measures have 

to be taken, like cryopreservation in case of the risk of infertility because of the treatment. 

Cessation of smoking should also be advised before start of treatment to limit the chances 

of especially second lung cancer and cardiovascular diseases. As for communication of 

risks for second cancers and cardiovascular toxicity, it is not easy to decide whether to use 

comparisons to the general population (SIR) and/or absolute excess risks. Apart from the 

fact that standardized incidence ratios and absolute (excess) risks may be difficult concepts 

to explain, it is also difficult to know what numbers to refer to. The interpretation of late-

effects studies is, as described above, always complicated by the fact that we only have 

the long-term results of treatments used a long time ago, whereas these treatments have 

often been adjusted considerably. In the mean time, many authors performing long-term 

effects studies have chosen, mainly because of practical reasons, to study patients who have 

survived at least one to five years after their primary treatment. The results of these studies 

are valid for the majority of the patients since the 5-year overall survival nowadays is >80% 

for most Hodgkin’s lymphoma patients, but the data are usually not directly applicable to 

patients when they start their treatment and also not suitable to make a risk-benefit analysis 

of various treatment effects. In the first period after treatment for Hodgkin’s lymphoma the 

main cause of death is Hodgkin’s lymphoma. With longer follow-up, however, the long-term 

treatment-related morbidity and mortality becomes more and more important. During follow-

up it is important that both the treating physicians and the patients are aware of possible 

long-term effects after treatment. To prevent serious morbidity and death from infections 

pneumococcal, Haemophilus influenze type b, meningococcal and influenza vaccinations are 

recommended after splenectomy. In addition, instructions on the use of antibiotics and on 

the risks of traveling to areas where malaria is endemic, should be given. Whether patients 

who might have a hypofunctional spleen due to spleen irradiation should be given the same 

advice as those who had a splenectomy, is difficult to assess because there are no good 

parameters for spleen function. In case of very intensive chemo- and radiotherapy patients 

are usually considered to have a hypofunctional spleen.

Furthermore, physicians should consider appropriate risk-reducing strategies such as treatment 

of hypertension and hypercholesterolemia and lifestyle advice to refrain from smoking, to 

maintain a healthy body weight, and to exercise regularly, particularly in young Hodgkin’s 

lymphoma survivors treated with possibly cardiotoxic treatments.

The value of screening for cardiovascular diseases is debatable. Subclinical cardiac damage 

has been shown in between 0-57% of children or adults after treatment with anthracyclines 

and/or radiotherapy including part of the heart.49-52 Until now however, subclinical damage 

could not be correlated with clinical manifest cardiovascular diseases. Intervention strategies 

have not been developed yet.

Awareness of the elevated risk of second primary malignancies is also very important. 

Especially women treated before the age of 30 experience a strongly elevated risk of breast 

cancer.53 An actuarial risk of 29.0% (95% CI = 20.2% to 40.1%) has recently been described 
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in patients treated for Hodgkin’s lymphoma at age 25 years after a follow-up of 30 years, 

taking into account age and calendar year of Hodgkin lymphoma diagnosis, Hodgkin’s 

lymphoma treatment information, population breast cancer incidence rates, and competing 

causes of death.43

The risk for women treated on part of their breast tissue after the age of 40 is not or only 

slightly elevated. It is important to realize, however, that these risk estimates are derived from 

long-term follow-up of patients treated with extensive radiation, usually including a classical 

mantle field and with radiation doses up to 40 Gy. Nowadays the target volumes are much 

smaller and the radiation dose is generally lower.

Women at high risk should be advised to undergo a yearly physical breast examination and 

have an annual mammography as of 8 years from the end of their radiotherapy, starting not 

earlier than from age 25. This age limit is used because of possible unfavorable effects of 

screening mammographies at regular intervals from a very young age and the fact that young 

women generally still have dense breast tissue influencing the sensitivity of mammographies. 

MRI of the breast is not used as a screening modality yet, but because of promising results 

of the use of MRI in women with a genetic or familial predisposition to breast cancer54 MRI 

will probably in the near future be introduced as a screening modality for women at high risk 

of breast cancer below the age of 30 years. There is no consensus yet until what age breast 

cancer screening should be continued. Although there also is an elevated risk of several other 

cancers after treatment for Hodgkin’s lymphoma, screening is not recommended yet55, since 

there are no effective screening possibilities for malignancies such as lung cancer, stomach 

cancer, leukemia and NHL. 

A common, more general problem after treatment for Hodgkin’s lymphoma, is fatigue.56 

The causes are probably related to both physical and emotional effects of the treatment. 

Treating fatigue is extremely difficult. Of course physical causes of fatigue (hypothyreoidy, 

cardiovascular toxicity etcetera) have to be treated optimally. In addition physical exercise 

appears to be beneficial.57 In the Netherlands several revalidation programs have been 

developed to guide cancer patients.

Summary follow-up recommendations 58

In general follow-up schedules should be adjusted based on patient characteristics like 

gender, age at treatment of Hodgkin’s lymphoma, treatment of Hodgkin’s lymphoma and 

age during follow-up. Life-long follow-up seems justified especially in survivors at high risk of 

late effects such as women irradiated on part of their breasts at a young age.

•	 Screening: 

 - Breast cancer screening is recommended in females in case of irradiation of part of 

their breasts before the age of 40 years. This screening should be performed yearly, 

starting eight years after treatment. Mammographies should not be performed before 

the age of 25 years. 

 - Screening for hypothyroidism is recommended after irradiation of the lower neck.
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 - Screening on risk factors for cardiovascular diseases is recommended in case of 

mediastinal irradiation and/or anthracycline containing chemotherapy.

•	 Education physicians: physicians should be alert to symptoms and complaints possibly 

indicating a late effect of treatment like a second malignancy or cardiovascular disease.

•	 Vaccination: pneumococcal, Haemophilus influenze type b, meningococcal (in case of 

functional or anatomical asplenia) and influenza vaccinations; pneumococcal vaccination 

should be repeated every five year.

•	 Education patients: patients should be informed about the possible late effects of their 

treatment. Life style advice should be given i.e. patients should be advised to refrain 

from smoking (from the start of treatment of Hodgkin’s lymphoma), maintain a healthy 

body weight and exercise regularly. Women at increased risk of breast cancer should 

be encouraged to perform monthly breast self-examination. Patients with functional or 

anatomical asplenia should be given instructions on the use of antibiotics and on the risks 

of traveling to malaria endemic areas.

•	 Treatment: intervention with regard to cardiovascular risk factors is indicated i.e. timely 

treatment of hypercholesterolemia, hypertension, hypothyroidism, hyperthyroidism, and 

diabetes.

Research 
The search for the optimal balance between treatments with high chances of control of 

disease and treatments with the lowest risks of long-term morbidity and mortality from 

adverse treatment sequelae is expected to continue in the next decades, with development 

of new imaging modalities, new drugs and improvement of radiation techniques.

Upfront selection of patients based on prognostic factors will remain an important area of 

research. Possibly, biological markers59-63 could play a role in individualizing treatment. In 

addition, research on possible genetic susceptibility to radiation-associated malignancies64 

and to radiation- and anthracycline-associated cardiovascular diseases65,66 will be expanded 

and may also lead to possibilities to tailor treatment choice. It is also of great interest to 

examine whether genetic susceptibility for solid malignancies and cardiovascular disease 

coincide. Competing risk analyses will facilitate balancing risks and benefits for new patients 

with Hodgkin’s lymphoma and supply more adequate information before the start of 

treatment and during follow-up.

Functional imaging techniques like Positron Emission Tomography using fluorine-18 

deoxyglucose (FDG-PET)-scans will become important to adjust treatment, depending on 

the evaluation of response on FDG-PET. The diagnostic accuracy of FDG-PET is significantly 

higher than that of computer tomography67 and a high negative predictive value has been 

reported by most studies. However, although a positive post-treatment FDG-PET-scan is a 

strong indicator of residual active disease, all series have identified false positive scans in 5-

10% of patients.68-70

Additionally, the best timing of the FDG-PET scan remains to be determined. Until now FDG-

PET scans are usually applied to evaluate response at the end of chemotherapy. The GHSG 
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has integrated evaluation with PET scans in their ongoing study in patients with advanced 

Hodgkin’s lymphoma. In the HD15 in advanced stages of Hodgkin’s lymphoma eight cycles 

of BEACOPP escalated are compared to six courses of BEACOPP escalated and to eight 

courses of BEACOPP-14. In this trial radiotherapy is given only to patients with residual 

abnormalities after completion of chemotherapy on conventional CT-scan with a diameter 

of more than 2.5 cm that are FDG-PET-scan positive.24 The main objectives of this trial are to 

decrease treatment toxicity without jeopardizing disease control and to study the prognostic 

significance of negative FDG-PET-scans. 

The new EORTC-trial (H10) for patients with early stage Hodgkin’s lymphoma is also aimed at 

determining the role of FDG-PET-scan in the treatment of patients with Hodgkin’s lymphoma. 

The primary objective of H10 is to evaluate whether chemotherapy alone is as effective-but 

less toxic-, as combined modality treatment, in patients with stages I/II Hodgkin’s lymphoma 

who are FDG-PET scan negative after two cycles of ABVD. This question will be addressed in 

the group of patients with favorable stages I/II disease (F) as well as in those with unfavorable 

stages I/II disease (U).

So far it is not possible to reliably identify the patients who are at high risk to develop 

clinically important cardiotoxicity.71,72 Regular screening including echocardiography, 

electrocardiography and exercise testing may be considered, since the patient population 

at risk usually still has a considerable life expectancy.49,50 Screening should preferably be 

performed in research settings, since the efficacy of these screening modalities in this 

population is not known and the choice of treatment difficult and controversial. In the future 

N-terminal pro-B-type natriuretic peptide (NT-proBNP) may also be used as a marker for 

damage to the heart, because persistently increased NT-proBNP early after administration of 

chemotherapy seems to be associated with the development of cardiac dysfunction.73 The 

role of prevention, using for instance anticoagulants, ACE inhibitors and statins remains to be 

determined. Performing randomized trials to examine the value of these drugs, however, will 

not be possible because of the limited incidence of Hodgkin’s lymphoma.

Conclusions

In conclusion, the cure rate of patients with Hodgkin’s lymphoma amounts to 80% or more. 

The role of radiotherapy in the treatment of patients with Hodgkin’s lymphoma has changed 

tremendously from usually palliative in the 1960s to mostly curative in the 1980s, and from 

extensive radiation as a single treatment modality to limited, or even no radiation, in addition 

to chemotherapy at present. 

The risks of (late) toxicity of treatment must be balanced against the risk of failing to control 

the primary disease, since patients who have no response to initial therapy or who have an 

early relapse are not likely to be cured by salvage treatment8,9 and Hodgkin’s lymphoma 

itself is still the most important cause of death.31 In the future treatment will be tailored to 
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individual patients based on prognostic factors, possibly including biological markers, and 

accurate evaluation of the response to treatment. Continuing to perform joint cooperative 

randomized trials is of the utmost importance. Radiotherapy will be applied to smaller target 

volumes and in a more sophisticated way requiring quality assurance even more than before. 

In addition, awareness of possible late effects after treatment is of the utmost importance 

for both patients and treating physicians. 
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While treating patients with Hodgkin’s lymphoma it is of the utmost importance to find the 

balance between optimizing the chances of controlling Hodgkin’s lymphoma and limiting the 

chances of late treatment-effects. Chemotherapy and radiotherapy are very effective against 

Hodgkin’s lymphoma, but each may have important side effects. This thesis describes research 

on possibilities to achieve optimal disease control as well as late effects after treatment.

In chapter 1 the development of treatment of patients with Hodgkin’s lymphoma is 

described; past and current treatments are described. In addition an overview on several late 

effects after treatment is given.

Chapters 2, 3 and 4 concern different aspects of a randomized European Organisation 

for Research and Treatment of Cancer (EORTC) trial on the role of radiotherapy in the 

treatment of patients with advanced Hodgkin’s lymphoma (E20884). In the late 1980s the 

EORTC Lymphoma Group started this study to determine whether radiotherapy reduces the 

relapse rate among patients with stage III or IV Hodgkin’s lymphoma who have a complete 

remission after six to eight cycles of mechlorethamine, vincristine, procarbazine, prednisone, 

doxorubicin, bleomycin, and vinblastine (MOPP-ABV) hybrid chemotherapy (considered the 

standard chemotherapy at the time the trial was designed). Between 1989 and 2000 739 

patients between 15 and 70 years of age with previously untreated stage III or IV Hodgkin’s 

lymphoma were included. Those who were in complete remission after hybrid chemotherapy 

with MOPP-ABV were randomized to receive either no further treatment or involved-field 

radiotherapy. Radiotherapy consisted of 24 Gy in fractions of 1.5-2.0 Gy to all initially involved 

nodal areas and 16 to 24 Gy in fractions of 1.0-2.0 Gy to all initially involved extranodal sites. 

Patients in partial remission were treated with 30 Gy in fractions of 1.5-2.0 Gy to nodal areas 

and 18 to 24 Gy in fractions of 1.0-2.0 Gy to extranodal sites. 

Chapter 2 describes the results of the main study question. Of 739 patients enrolled in the 

trial, 421 had a complete remission; 161 of these patients were assigned no further treatment, 

and 172 involved-field radiotherapy. After a median follow-up of 79 months the five-year 

event-free survival rate was 84 percent in the group that did not receive radiotherapy and 79 

percent in the group that received involved-field radiotherapy (P=0.35). The five-year overall 

survival rates were 91 and 85 percent, respectively (P=0.07). We concluded that involved-

field radiotherapy did not improve the outcome in patients with advanced stage Hodgkin’s 

lymphoma who had a complete remission after MOPP-ABV hybrid chemotherapy. 

In chapter 3 a detailed analysis of the patients in partial remission after chemotherapy 

in the previously described EORTC study was performed. Patients in partial remission had 

significantly more often bulky mediastinal involvement than those in complete remission after 

chemotherapy. Two hundred twenty-seven of 247 patients in partial remission were given 

radiotherapy. In patients in partial remission, the 8-year event-free and overall survival rates 

were with 76% and 84%, respectively similar to the rates of patients in complete remission 

after chemotherapy. Evaluation 3-38 months after radiotherapy showed a conversion of 

partial remission to complete remission in 208 out of 227 irradiated patients. Patients who 

never reached complete remission after radiotherapy had a poor prognosis (median overall 
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survival of 26 months). The incidence of second malignancies in patients in partial remission 

treated with involved-field radiotherapy was similar to that in non-irradiated patients.

Patients in partial remission after six cycles of MOPP-ABV treated with involved-field 

radiotherapy experience event-free and overall survival rates similar to that of patients in 

complete remission suggesting a definite role for radiation in these patients. More reliable 

discrimination between fibrotic remnants and active disease after chemotherapy would 

be of crucial importance in identifying the group of patients that really needs additional 

radiotherapy.

In chapter 4 the results of a study evaluating the impact of the quality of involved-field-

radiotherapy on clinical outcome in patients with advanced Hodgkin’s included in the 

previously described E20884 are described. In order to exclude the possibility that a benefit 

of radiotherapy could not be demonstrated because of errors in its application, a quality 

control study was performed retrospectively. We initiated this evaluation of the quality of the 

radiotherapy already before the final results of our randomized trial were available. Only the 

patients who were randomized to receive involved-field radiotherapy after reaching a complete 

remission on six to eight cycles of MOPP-ABV hybrid were evaluated. A retrospective review 

of clinical and radiological data, radiation charts, simulator films and MV-photographs was 

performed. Of 172 patients randomized to involved-field radiotherapy 152 actually received 

radiotherapy; in 135 patients quality control was performed. The overall major violation-rate 

was 47%, predominantly concerning target volumes. The total dose was correct in 81% of 

the patients. After a median follow-up of 6.5 years there was no difference in cumulative 

failure rate between patients with or without major violations. There was no relationship 

between incidence or site of relapse and major protocol violations. In conclusion in advanced 

stage Hodgkin’s lymphoma patients in complete remission after six to eight cycles of MOPP-

ABV, the outcome was not influenced by violation of the radiotherapy protocol. Although 

the outcome was not influenced in this trial, the quality of radiotherapy could and should be 

improved.

The purpose of chapter 5 was to examine cause-specific mortality and absolute excess 

mortality (compared to population rates) in a cohort of Hodgkin’s lymphoma patients treated 

from the 1960s through the 1980s. We focused on patients who were diagnosed with 

Hodgkin’s lymphoma before reaching 41 years, because such patients have a greater life 

expectancy once they are cured.

The study population consisted of 1,261 patients treated for Hodgkin’s lymphoma before age 

41 between 1965 and 1987 in the Netherlands Cancer Institute in Amsterdam or the Daniel 

den Hoed Cancer Center in Rotterdam. Long-term cause-specific mortality was compared 

with general population rates to assess relative risk and absolute excess risk of death. After a 

median follow-up of almost 18 years, 534 patients had died (55% of Hodgkin’s lymphoma). 

During the first decade after treatment the main cause of death was lymphoma, but after 

20 years Hodgkin’s lymphoma mortality was negligible. The relative risks and absolute excess 

risks of death from second primary cancers and cardiovascular diseases remained increased 

after 10 years of follow-up. Even more than 30 years after diagnosis, Hodgkin’s lymphoma 
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patients experienced elevated risk of death from all causes other than Hodgkin’s lymphoma; 

the annual excess mortality rate from all causes other than Hodgkin’s lymphoma was nearly 

three per 100 patients. Relative risks of death resulting from solid tumors and cardiovascular 

disease were increased overall (relative risks 6.6 and 6.3, respectively), but especially in 

patients treated before age 21 (relative risks 14.8 and 13.6 respectively). When these patients 

grew older, this elevated mortality decreased.

In chapter 6 the incidence of and risk factors for cardiovascular disease in patients treated 

before the age of 41 years, who survived at least five years after the treatment for Hodgkin’s 

lymphoma were evaluated (n=1,474; median follow-up 18.7 years).

Compared to the general population, the incidence of several types of cardiac diseases 

was three to five-fold increased after treatment for Hodgkin’s lymphoma, resulting in 

approximately 36 excess cases of myocardial infarction and 26 excess cases of congestive 

heart failure per 10,000 patients/year. Even after prolonged follow-up the relative risks 

remained increased, implying increasing absolute excess risks over time, due to the rising 

cardiovascular disease incidence with age. The highest risks were observed in the youngest 

patients at diagnosis. Mediastinal radiotherapy significantly increased the risks of myocardial 

infarction, angina pectoris, congestive heart failure and valvular disorders (2- to 7-fold). 

Anthracyclines significantly added to the elevated risks of congestive heart failure and 

valvular disorders from mediastinal radiotherapy (Hazard Ratios: 2.81 and 2.10, respectively). 

The 25-year cumulative incidence of congestive heart failure after mediastinal radiotherapy 

and anthracyclines in competing risk analyses was 7.9%.

The studies described in chapter 5 and 6 have increased our knowledge about the morbidity 

and mortality after treatment. This may influence treatment strategies for patients with new 

malignancies as well as follow-up guidelines for long-term survivors.

Chapter 7 contains a general discussion of the results and evaluates limitations of the studies. 

Implications for the treatment of patients with Hodgkin’s lymphoma and their follow-up are 

discussed. Directions for future changes in clinical practice and research are given.
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Doelstellingen proefschrift
De laatste decennia zijn de behandelingsmogelijkheden van een aantal vormen van kanker, 

waaronder Hodgkin lymfoom (een vorm van lymfklierkanker), aanzienlijk verbeterd. Helaas is 

met het toenemen van de overleving ook duidelijk geworden dat een succesvolle behandeling 

van kanker soms jaren later nog aanleiding kan geven tot bijwerkingen, zoals het ontwikkelen 

van een tweede (primaire) kwaadaardig gezwel en schade aan het hart. Het is dan ook van 

groot belang een goed evenwicht te vinden tussen de grootste kans op het onder controle 

krijgen en houden van het Hodgkin lymfoom en de kleinste kans op aan de behandeling 

gerelateerde late bijwerkingen. De doelstellingen van dit proefschrift zijn om 1) de rol van 

bestraling bij patiënten met een gevorderd stadium Hodgkin lymfoom te bepalen (hoofdstuk 

2, 3 en 4) en 2) om onze kennis met betrekking tot late effecten na behandeling voor een 

Hodgkin lymfoom uit te breiden (hoofdstuk 5 en 6). De resultaten van deze onderzoeken 

zullen bijdragen aan het verbeteren van de behandelingsstrategieën voor patiënten met een 

Hodgkin lymfoom en aan primaire en secundaire preventie van bijwerkingen op lange termijn 

bij overlevenden na behandeling voor een Hodgkin lymfoom.

Achtergrond informatie

Algemeen
De ziekte van Hodgkin (tegenwoordig Hodgkin lymfoom genoemd) werd voor het eerst 

beschreven in 1832 door Thomas Hodgkin. Een Hodgkin lymfoom is een vorm van kanker van het 

lymfesysteem. Het Hodgkin lymfoom onderscheidt zich van andere vormen van lymfklierkanker 

(Non-Hodgkin lymfomen) door de aanwezigheid van een kenmerkend type lymfkliercel namelijk 

de Hodgkincel (Reed-Sternberg cel), door een ander verspreidingspatroon (regelmatig van het 

ene naar het volgende aangrenzend lymfklierstation) en een ander ziektebeloop.

Ongeveer 15% van alle kwaadaardige (maligne) lymfomen zijn Hodgkin lymfomen. In Nederland 

wordt slechts bij 350 tot 400 mensen per jaar een Hodgkin lymfoom vastgesteld, terwijl er in 

Nederland bij in totaal 73.000 mensen per jaar kanker wordt vastgesteld. Hodgkin lymfoom 

komt relatief vaak voor tussen de 20 en 35 jaar en boven het 50ste levensjaar1; de oorzaak van 

deze leeftijdsverdeling is niet bekend. Er worden vier stadia onderscheiden, die van belang zijn 

voor het inschatten van het beloop van de ziekte en het kiezen van een behandeling.2

I: De ziekte is beperkt tot één lymfkliergebied of tot één orgaan.

II: De ziekte beperkt zich tot twee of meer kliergebieden boven of onder het middenrif of 

tot één orgaan én één of meer kliergebieden aan dezelfde kant van het middenrif.

III: De ziekte bevindt zich in kliergebieden boven én onder het middenrif en soms ook in de 

milt en/of een ander orgaan.

IV: De ziekte heeft zich verspreid naar andere organen, die geen lymfklierweefsel bevatten, 

zoals de longen, de lever, het beenmerg of de huid.
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Bij de stadiumindeling wordt er behalve een indeling in I t/m IV nog een onderscheid gemaakt 

met betrekking tot de aanwezigheid van algemene ziekteverschijnselen zoals perioden met 

koorts, soms afgewisseld door perioden met normale temperatuur, gewichtsverlies en 

gebrek aan eetlust, hevige transpiratie, vooral ‘s nachts. Wanneer de patiënt geen algemene 

ziekteverschijnselen heeft, wordt aan het stadium de letter A toegevoegd. Indien een patiënt 

wél een of meer van de hiervoor genoemde algemene verschijnselen heeft, wordt een B 

toegevoegd.

Naast de stadiumindeling met daaraan toegevoegd de aan- of afwezigheid van B-symptomen 

zijn een aantal andere factoren, zogenaamde risicofactoren, van belang. Deze factoren zijn:

•	 Het aantal aangetaste lymfkliergebieden.

•	 De grootte van de aangetaste lymfklieren tussen de longen.

•	 Afwijkende bloeduitslagen, zoals een verhoogde bloedbezinkingssnelheid, bloedarmoede 

of een verhoogd aantal witte bloedcellen.

•	 De leeftijd van de patiënt.

Met behulp van bovenstaande extra factoren (risicofactoren) kunnen verschillende groepen 

patiënten worden onderscheiden. Wereldwijd zijn er kleine verschillen in deze indeling van 

risicogroepen. In Nederland wordt veelal gebruik gemaakt van de volgende indeling:

•	 Patiënten in stadium I en II zonder risicofactoren.

•	 Patiënten in stadium I en II met risicofactoren.

•	 Patiënten in stadium III en IV.

Op basis van deze indeling wordt een keuze in de behandeling gemaakt.

Aanvankelijk waren er nauwelijks behandelingsmogelijkheden voor Hodgkin lymfoom 

en was genezing van de ziekte niet mogelijk. Na 1960 echter, zijn er verschillende 

behandelingsmogelijkheden ontwikkeld voor patiënten met een Hodgkin lymfoom. De 

vooruitzichten voor iemand met deze ziekte zijn tegenwoordig zeer gunstig; over het geheel 

genomen geneest ongeveer 80% van de patiënten. Er zijn maar weinig andere kwaadaardige 

ziekten, waarvan de behandelingsresultaten zo sterk zijn verbeterd. In grote lijnen zou men 

verschillende perioden in de behandeling van het Hodgkin lymfoom kunnen onderscheiden 1:

I. 1960-1985, de ziekte-georiënteerde periode, waarin het belangrijkste doel de verbetering 

van de overleving was.

II. 1985-1995, de behandelings-georiënteerde periode, waarin de ziekte-vrije overleving, 

het voorkomen van terugkomen van de ziekte, en behandeling van de teruggekomen 

ziekte alsmede late effecten van behandeling van het grootste belang waren.

III. 1995- heden, de patiënt-georiënteerde periode, waarin genezing van het Hodgkin 

lymfoom met zo beperkt mogelijke behandeling en behoud van kwaliteit van leven op de 

voorgrond staan.
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Behandeling
Het doel van de behandeling is bij patiënten met een Hodgkin lymfoom meestal genezing. 

Bestraling (radiotherapie) - algemeen
Bestraling is een plaatselijke behandeling met als doel de kankercellen te vernietigen 

met zo beperkt mogelijke schade aan gezonde cellen. Bestraling wordt veelal verdeeld in 

kleine hoeveelheden (fracties). Afhankelijk van de grootte van het bestralingsgebied en 

voorafgaande chemotherapie voor het Hodgkin lymfoom kan bestraling in een of meer 

bestralingsseries toegediend worden. Een bestralingsserie voor Hodgkin lymfoom duurt 

meestal drie tot vier weken. In de jaren 60 en 70 van de vorige eeuw was bestraling de 

meest toegepaste behandeling bij patiënten met een Hodgkin lymfoom. Bestraling werd in 

ieder geval gegeven op een gebied waar aangedane lymfklieren waren aangetoond. Verder 

werden de aangrenzende lymfkliergebieden ook vaak bestraald met name in de periode, 

waarin er nog weinig/geen chemotherapie werd gegeven, omdat verwacht werd dat in de 

aangrenzende lymfkliergebieden ook kwaadaardige cellen aanwezig zouden kunnen zijn. De 

resultaten van de bestraling verbeterden in de loop der tijd met het toenemen van de kennis 

over de verspreiding van de ziekte en het verbeteren van de bestralingstechnieken. Lange tijd 

is het, althans voor volwassenen, gebruikelijk geweest om één of meer van de in figuur 1a 

weergegeven gebieden te bestralen. Na ontwikkeling van goede combinatie chemotherapie 

(zie hieronder) bleek het mogelijk het bestralingsgebied steeds verder te beperken; 

aanvankelijk werd de bestraling beperkt tot de aangedane gebieden en tegenwoordig wordt 

het bestralingsvolume nog verder verkleind (figuur 1b). Onder bepaalde omstandigheden is 

het zelfs mogelijk om bestraling geheel achterwege te laten (zie verder).

Chemotherapie - algemeen
Chemotherapie is een behandeling met celdelingremmende medicijnen (cytostatica). Voor 

het Hodgkin lymfoom werd aanvankelijk wel behandeling gegeven met één geneesmiddel 

maar tegenwoordig wordt vrijwel altijd een combinatie van geneesmiddelen gebruikt. Die 

combinatie van middelen wordt in principe in een vast schema toegediend (kuren). In de 

jaren 1960-1980 werd veelal een combinatie chemotherapie bestaande uit mechlorethamine, 

vincristine, procarbazine en prednison (MOPP) (of een vergelijkbaar schema) gebruikt. 

Deze middelen hebben elk een eigen invloed op de celdeling. In de jaren 80 van de vorige 

eeuw werden anthracycline-houdende schema’s ingevoerd. Deze schema’s bleken betere 

resultaten te geven dan bijvoorbeeld MOPP-chemotherapie. Tegenwoordig worden vrijwel 

alle patiënten met een Hodgkin lymfoom behandeld met (meestal anthracycline-houdende) 

chemotherapie. De intensiteit en het aantal chemotherapie kuren hangt af van het stadium 

van de ziekte en de eerder genoemde risicofactoren. 

Hedendaagse behandelingsstrategieën (Europees standpunt)
Zoals hierboven beschreven wordt de behandeling van een patiënt met Hodgkin lymfoom 

aangepast aan de individuele situatie van de patiënt op basis van stadiumindeling en voor 
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de ziekte belangrijke risicofactoren. De behandeling begint vrijwel altijd met combinatie 

chemotherapie. Of er nog radiotherapie volgt, hangt af van de situatie bij presentatie en 

de reactie op de chemotherapie. Veelal zullen patiënten met een beperkt stadium van de 

ziekte (stadium I of II) zonder risicofactoren, althans in Europa, behandeld worden met 

een drie tot vier kuren relatief milde chemotherapie meestal gevolgd door bestraling op de 

oorspronkelijk aangedane gebieden (of nog beperkter). Bij patiënten met een stadium I of 

II Hodgkin lymfoom met risicofactoren wordt het aantal kuren of de soort chemotherapie 

aangepast (intensiever). Bij patiënten met een stadium III of IV wordt eveneens gestart 

met chemotherapie meestal zes tot acht kuren. De intensiteit van de chemotherapie kan 

ook worden aangepast. Of er na de chemotherapie nog bestraling volgt hangt af van de 

reactie op de chemotherapie (zie hoofdstuk 2 en 3). Tegenwoordig wordt er meestal geen 

aanvullende bestraling meer gegeven indien na adequate chemotherapie er geen tekenen 

van het Hodgkin lymfoom meer worden gezien. Indien er nog wel restafwijkingen zijn wordt 

veelal beperkte bestraling op de restgebieden geadviseerd. Indien het Hodgkin lymfoom 

na een eerste behandelingsserie niet verdwijnt of terugkomt, wordt er meestal intensieve 

chemotherapie gegeven gevolgd door bestraling indien dat gedaan kan worden met een 

acceptabel risico op bijwerkingen van deze bestraling.

Late effecten
Bestraling en chemotherapie zijn zeer effectief tegen Hodgkin lymfoom doch hebben ook 

bijwerkingen. Met het verbeteren van de overlevingskansen bleek dat de behandeling van 

het Hodgkin lymfoom ook een keerzijde had. Mensen behandeld met bestraling en/of 

chemotherapie blijken, in vergelijking met hun leeftijdsgenoten uit de algemene bevolking, 

onder andere een grotere kans te hebben op het ontwikkelen van een nieuw kwaadaardig 

gezwel of een hart- of vaatziekte. Algemene risicofactoren voor hart- en vaatziekten en het 

ontstaan van kanker (roken bijvoorbeeld) kunnen de kans op late bijwerkingen versterken. 

Verder kunnen chemotherapie en bestraling leiden tot vruchtbaarheidsstoornissen, vervroegde 

menopauze, schildklierfunctiestoornissen en problemen van botten en spieren. Ook kunnen 

mensen meer vatbaar zijn voor infecties na verwijdering of bestraling van de milt en na 

chemotherapie. Alle hier beschreven effecten kunnen invloed hebben op de kwaliteit van 

leven van overlevenden van Hodgkin lymfoom.

Inhoud proefschrift
In grote lijnen bestaat het proefschrift uit 2 delen. In het eerste deel (hoofdstuk 2 t/m 4) 

worden verschillende aspecten van een onderzoek naar de rol van bestraling bij patiënten met 

een gevorderd stadium Hodgkin lymfoom beschreven. Dit zogenaamde fase III onderzoek, 

waaraan tussen 1989 en 2000 739 mensen deel namen, werd verricht binnen een Europees 

samenwerkingsverband EORTC (European Organisation for Research and Treatment of 

Cancer). De standaardbehandeling werd vergeleken met een nieuwe behandeling. De 

behandelingskeuze werd bepaald door middel van loting om de groepen wetenschappelijk 

vergelijkbaar te maken. In het tweede deel (hoofdstuk 5 en 6) wordt onderzoek beschreven 
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om onze kennis met betrekking tot late effecten na behandeling voor een Hodgkin lymfoom 

uit te breiden. Voor dit deel van het onderzoek zijn gegevens verzameld uit medische 

dossiers en opgevraagd bij huisartsen en medisch specialisten. Gekozen werd voor het in 

kaart brengen van mensen die geruime tijd geleden en voor hun 41ste levensjaar werden 

behandeld om de effecten in de periode na de behandeling goed te kunnen bestuderen. 

In hoofdstuk 1 worden algemene aspecten beschreven met betrekking tot de behandeling 

van patiënten met een Hodgkin lymfoom en late effecten na behandeling voor Hodgkin 

lymfoom. 

In hoofdstuk 2, 3 en 4 worden verschillende aspecten beschreven van een studie naar de 

rol van bestraling bij patiënten met een gevorderd stadium Hodgkin lymfoom (E20884). 

Wat betreft de behandeling van patiënten met een gevorderd stadium (stadium III of IV) 

Hodgkin lymfoom bestaat er wel consensus over het feit dat alle patiënten behandeld 

moeten worden met een combinatie van cytostatica. Over de plaats van bestraling is echter 

al vele decennia discussie. In de loop der jaren zijn er vele onderzoeken gedaan. Eén van 

deze onderzoeken is beschreven in dit proefschrift. De hypothese van het onderzoek was 

dat aanvullende bestraling, bij patiënten met chemotherapie behandeld voor een gevorderd 

stadium Hodgkin lymfoom, bij wie na de chemotherapie geen tekenen meer gevonden 

werden van de ziekte, zou kunnen leiden tot een verbetering van de 3-jaars ziekte-vrije 

overleving van 10%. Hierbij werd uitgegaan van een 3-jaars ziekte-vrije overleving van 80% 

na alleen chemotherapie alleen en 90% na chemotherapie in combinatie met bestraling. Om 

voldoende patiënten te kunnen behandelen in de studie, werd een studie gestart binnen 

het Europees samenwerkingsverband EORTC. Het onderzoek werd uitgevoerd tussen 1989 

en 2000. Patiënten tussen 15 en 70 jaar met een stadium III of IV Hodgkin lymfoom, die 

niet eerder behandeld waren voor een kwaadaardige ziekte, kwamen in aanmerking voor 

het onderzoek. Alle patiënten werden behandeld met een combinatie van celdodende 

middelen, te weten mechlorethamine, vincristine, procarbazine, prednison, doxorubicine, 

bleomycine en vinblastine (MOPP-ABV). Het effect van de chemotherapie werd volgens een 

vast controleschema beoordeeld. Bij patiënten bij wie na zes tot acht kuren geen tekenen 

meer werd gevonden van het Hodgkin lymfoom, werd geloot tussen aanvullende bestraling 

of geen aanvullende behandeling. Indien er echter na zes kuren wel een goede afname was 

van de ziekte maar er toch nog enige tekenen waren van ziekte-activiteit, werd de patiënt 

aanvullend bestraald. Deze bestraling werd gegeven op alle oorspronkelijk aangedane 

lymfkliergebieden. In de gebieden waar nog restafwijkingen werden gevonden werd veelal 

een extra dosis gegeven. 

In hoofdstuk 2 van het proefschrift worden de resultaten beschreven, die betrekking hebben 

op de belangrijkste vraagstelling van de studie (zie de hierboven beschreven hypothese). Van 

de 739 patiënten, die deelnamen aan het onderzoek, verdwenen bij 421 alle tekenen van 

het Hodgkin lymfoom; zij bereikten een zogenaamde complete remissie. Bij 250 patiënten 

verdween de ziekte voor 50% of meer; zij bereikten een zogenaamde partiële remissie. 

Achtenzestig patiënten hadden onvoldoende afname of toename van ziekte, overleden 

165

Samenvatting



tijdens de behandeling of werden uit het oog verloren. Bij evaluatie na een mediane periode 

van 79 maanden bleek er, indien er sprake was van een complete remissie na chemotherapie, 

geen verschil in ziektevrije of totale overleving tussen de groep die werd behandeld met 

aanvullende bestraling en de groep die niet aanvullend werd behandeld. Hieruit concluderen 

wij, dat het geven van aanvullende bestraling bij patiënten, bij wie de ziekte volledig 

verdwenen is na adequate chemotherapie, niet geïndiceerd is.

In hoofdstuk 3 worden de patiënten uit de hierboven genoemde studie, bij wie na de 

chemotherapie nog beperkte restafwijkingen aanwezig waren (=partiële remissie) in detail 

beschreven. Bij de opzet van de studie ging men ervan uit, dat er een grote kans was op 

achtergebleven levensvatbare kankercellen indien er nog restafwijkingen werden gevonden 

na chemotherapie. Aanvullende behandeling werd daarom noodzakelijk geacht. De patiënten 

met een partiële remissie werden bestraald op alle oorspronkelijk aangedane gebieden, met 

uitzondering van het beenmerg. Op de plaatsen waar nog afwijkingen zichtbaar waren werd 

een iets hogere dosis bestraling gegeven. De uitkomst voor wat betreft controle van de 

ziekte en overleving bleek in deze patiëntengroep met restafwijkingen even goed als die 

van de patiënten bij wie geen restafwijkingen aanwezig waren. Hieruit wordt afgeleid, dat 

een deel van de patiënten met vitale tumorresten genezen is met behulp van bestraling. 

Hoeveel mensen echt baat bij de bestraling hebben gehad is onzeker. Sinds de start van het 

onderzoek in 1989 zijn er vele nieuwe onderzoeksmethoden ontwikkeld, waarmee beter kan 

worden vastgesteld of er nog levensvatbare tumorresten aanwezig zijn. De precieze rol van 

deze onderzoeken wordt nog bestudeerd.

In hoofdstuk 4 wordt beschreven of de kwaliteit van de bestraling invloed heeft gehad op 

de uitkomsten van de studie. Hierbij bleek dat een betrekkelijk groot aantal patiënten (47%) 

niet geheel volgens de studievoorschriften zijn behandeld. Verbetering van de kwaliteit van 

de bestraling dient te worden nagestreefd. Mogelijkheden hiertoe worden beschreven. De 

kwaliteit van de bestraling bleek in dit onderzoek echter niet van invloed op de uiteindelijke 

uitkomsten.

In hoofdstuk 5 en 6 worden verschillende aspecten van late effecten na behandeling na 

behandeling van Hodgkin lymfoom beschreven. Het accent ligt hierbij op het ontstaan van 

nieuwe primaire tumoren en hartziekten, omdat deze late effecten tot de meeste morbiditeit 

en sterfte aanleiding geven.

Het doel van hoofdstuk 5 was het vergelijken van het sterftepatroon in een cohort mensen 

behandeld voor Hodgkin lymfoom in de jaren 60 t/m 80 van de vorige eeuw. We hebben 

ons vooral gericht op mensen behandeld voor hun 41ste jaar, omdat zij naar verwachting een 

lange overlevingsduur hebben als ze zijn genezen van het Hodgkin lymfoom.

De onderzoeksgroep bestond uit 1261 patiënten behandeld voor een Hodgkin lymfoom voor 

hun 41ste levensjaar tussen 1965 en 1987 in het Antoni van Leeuwenhoek ziekenhuis/het 

Nederlands Kanker Instituut in Amsterdam of de Daniel den Hoed Kliniek/Erasmus Medisch 

Centrum in Rotterdam. De oorzaakspecifieke sterfte van de onderzoekspopulatie werd in de 

loop van de langdurige follow-up vergeleken met die van de algemene bevolking om zo het 

relatieve sterfte risico en de absolute toename in sterfte te kunnen berekenen. Gedurende 

166

Chapter 9



de eerste decennia na behandeling was Hodgkin lymfoom de belangrijkste doodsoorzaak 

in de onderzoeksgroep maar na meer dan 20 jaar was sterfte aan Hodgkin lymfoom 

verwaarloosbaar. Vanaf 10 jaar na behandeling was er sprake van een stijging van het relatieve 

en absolute sterfterisico ten gevolge van tweede primaire tumoren en hart- en vaatziekten. 

Over de hele studieperiode was het relatieve risico om te sterven aan een andere ziekte dan 

Hodgkin lymfoom ten opzichte van de algemene bevolking ongeveer zeven keer verhoogd. 

Het verhoogde sterfterisico bleef bestaan, zodat zelfs meer dan 30 jaar na de diagnose er 

onder de ex-Hodgkin lymfoom patiënten nog een vijf maal verhoogd risico was te sterven 

aan andere oorzaken dan Hodgkin lymfoom. Anders uitgedrukt gingen er per jaar ongeveer 

drie personen per 100 personen meer dood dan verwacht op basis van de schattingen in de 

algemene bevolking. De oversterfte ten gevolge van tweede primaire tumoren en hart- en 

vaatziekten was het hoogste onder patiënten behandeld voor hun 21ste levensjaar.

In hoofdstuk 6 worden het vóórkomen van en de risicofactoren voor hart- en vaatziekten 

beschreven bij 1474 patiënten die tenminste 5 jaar na behandeling voor Hodgkin lymfoom 

nog in leven waren (behandeling voor Hodgkin lymfoom tussen 1965 en 1995 in het Antoni 

van Leeuwenhoek ziekenhuis/het Nederlands Kanker Instituut in Amsterdam of de Daniel 

den Hoed Kliniek/Erasmus Medisch Centrum in Rotterdam). De incidentie van hartziekten in 

de onderzoeksgroep werd vergeleken met die in de bevolking, voor zover daar gegevens over 

beschikbaar zijn. Er werd gebruik gemaakt van gegevens met betrekking tot het vóórkomen 

van hartinfarcten, angina pectoris en hartfalen geregistreerd door Nederlandse huisartsen.4 Na 

een mediane follow-up van bijna 19 jaar werd er bij 354 patiënten een hartziekte vastgesteld. 

Hieronder waren 102 mensen met een hartinfarct en 59 met hartfalen. Hiermee was de kans 

op een hartinfarct, angina pectoris of hartfalen in vergelijking met de algemene bevolking 

drie tot vijf maal verhoogd of anders uitgedrukt was het absolute aantal extra mensen dat 

een hartinfarct of hartfalen ontwikkelde 36 respectievelijk 26 per 10.000 mensen per jaar. 

Het ten opzichte van de algemene bevolking verhoogde risico op een hartziekte bleef tot 

minstens 25 jaar na behandeling voor het Hodgkin lymfoom bestaan. Het gevolg hiervan was 

een toename van het absolute extra risico op hart- en vaatziekten gedurende de follow-up, 

omdat de kans op hart- en vaatziekten ook in de algemene bevolking sterk toeneemt met de 

leeftijd. De sterkst verhoogde risico’s werden gezien bij patiënten die vóór de leeftijd van 20 

jaar behandeld werden. Bestraling van het lymfkliergebied tussen de longen (het mediastinum 

waarin ook het hart) leidde tot de sterkste verhoging van de kans op vóórkomen van hartinfarct, 

pijn op de borst (als teken van kransslagadervernauwing), hartfalen en hartklepafwijkingen. 

De verschillende risico’s waren twee tot zeven maal verhoogd ten opzichte van patiënten, die 

geen bestraling hadden gehad op het mediastinum. Dat bestraling van het mediastinum zou 

leiden tot een duidelijk verhoogd risico op hartziekte, was in de lijn der verwachting omdat 

bij deze bestraling een relatief groot deel van het hart in het bestralingsgebied ligt. Het was 

echter nog niet eerder onderzocht of chemotherapie de kans op schade door bestraling 

beïnvloedt. Een bepaalde vorm van chemotherapie, anthracycline-houdende chemotherapie, 

verhoogde het reeds door de bestraling van het mediastinum verhoogde risico nog eens 

met een factor twee tot drie. Het 25-jaars cumulatieve risico op hartfalen gecorrigeerd voor 
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dood ten gevolge van andere ziekten, was ongeveer 8% na bestraling van het mediastinum 

in combinatie met anthracycline-houdende chemotherapie. De bekende risicofactoren voor 

hart-en vaatziekten, met uitzondering van een verhoogde bloeddruk, verhoogden ook de 

kans op het ontstaan van hart- en vaatziekten. 

In hoofdstuk 7 worden algemene aspecten van de resultaten van de in het proefschrift 

besproken studies beschreven en vergeleken met gegevens uit de literatuur. Sterke en zwakke 

punten van de verschillende studies worden toegelicht. Daarnaast worden de implicaties 

voor zowel de behandeling van nieuwe patiënten met een Hodgkin lymfoom als de controle 

na behandeling besproken. Hieronder volgt een samenvatting van de aanbevelingen voor 

controle na afloop van behandeling voor een Hodgkin lymfoom.

Conclusie 

Heden ten dage is de kans voor iemand bij wie Hodgkin lymfoom wordt vastgesteld hiervan 

te genezen rond 80% of meer. De rol van bestraling is in de loop van de laatste decennia 

sterk veranderd. Er is echter nog steeds een duidelijke plaats voor bestraling. Het is van groot 

belang om bij de behandeling van het Hodgkin lymfoom niet alleen te kijken naar de kans 

op genezing maar zeker ook naar de vroege en late effecten van deze behandeling. Evenals 

nu zal de behandeling van individuele patiënten in de toekomst aangepast worden op basis 

van prognostische factoren en nauwkeurige evaluatie van de respons op behandeling. 

Radiotherapie zal op een zo beperkt mogelijk volume gegeven worden. Controle van kwaliteit 

van bestraling is hierdoor zo mogelijk nog belangrijker dan voorheen. Tot slot is alertheid van 

zowel patiënten als dokters met betrekking tot mogelijke late effecten van behandeling voor 

Hodgkin lymfoom van groot belang. 

Adviezen voor controle na behandeling voor een Hodgkin lymfoom
Het controle schema moet worden aangepast aan de specifieke kenmerken van de patiënt, 

zoals leeftijd bij behandeling voor het Hodgkin lymfoom, leeftijd op moment van controle en 

gegeven behandeling. Levenslange controle lijkt gerechtvaardigd met name bij overlevenden 

die een hoog risico hebben op late effecten zoals bijvoorbeeld vrouwen, die op een deel van 

de borst bestraald zijn voor hun 40ste levensjaar.

•	 Screening: 

- Jaarlijks onderzoek naar borstkanker wordt aanbevolen indien een deel van de borst 

bij vrouwen is bestraald voor het 40ste levensjaar. Mammografieën zijn in principe niet 

geïndiceerd voor het 25ste levensjaar.

- Onderzoek naar een verminderde schildklierfunctie wordt aangeraden na bestraling 

van het onderste deel van de hals. 

- Onderzoek naar beïnvloedbare risicofactoren voor hart- en vaatziekten wordt 

aangeraden indien een patiënt een behandeling heeft gehad waardoor er een 
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verhoogd risico op hart- en vaatziekten is, zoals bestraling op het mediastinum en/of 

anthracycline-houdende chemotherapie. 

•	 Behandeling: tijdige behandeling van risicofactoren voor hart- en vaatziekten zoals 

hypercholesterolemie, hypertensie, suikerziekte en verminderde schildklierfunctie is 

geïndiceerd.

•	 Scholing artsen: zowel medisch specialisten als huisartsen moeten alert zijn op klachten 

en/of symptomen die kunnen passen bij late effecten van behandeling van het Hodgkin 

lymfoom zoals een nieuw kwaadaardig gezwel of een hartvaatziekte.

•	 Vaccinaties: indien een patiënt geen functionerende milt meer heeft dient hij/zij 

gevaccineerd te worden tegen pneumococcen, Haemophilus influenza type b en 

meningococcen. De pneumococcenvaccinatie dient iedere 5 jaar herhaald te worden.

•	 Informatie aan patiënten: patiënten moeten worden geïnformeerd over mogelijke 

late effecten van hun behandeling. Leefstijl adviezen moeten worden gegeven met 

betrekking tot het stoppen met roken (vanaf de start van de behandeling voor het 

Hodgkin lymfoom), het voorkomen van overgewicht en regelmatige lichaamsbeweging. 

Vrouwen met een verhoogd risico op borstkanker moeten worden aangemoedigd alert 

te zijn op veranderingen in de borsten. Mensen zonder milt moeten informatie krijgen 

met betrekking tot het verhoogde risico op bepaalde infecties, het gebruik van antibiotica 

bij tekenen van infectie en het risico op malaria indien ze van plan zijn te reizen naar een 

gebied waar malaria voorkomt.
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Figuur 1b. Schematische voorbeeld van beperkte bestraling zoals dat 
heden ten dage toegepast wordt. Voorheen zou volledig mantelveld 
gegeven zijn.

Figuur 1a. Schematische weergave van klassieke bestralingsvelden

De gearceerde gebieden geven de grenzen van verschillende bestralingsgebieden aan. De bestraling 
wordt in principe van voren en van achteren gegeven (met uitzondering van lies: dan meestal alleen van 
voren)

170

Chapter 9



C  h  a  p  t  e  r

10
Dankwoord





Dankwoord

Dit proefschrift is gebaseerd op werk van veel mensen. Ik wil iedereen die direct of indirect 

heeft bijgedragen aan de totstandkoming van dit proefschrift hartelijk bedanken. Er zijn een 

aantal mensen die ik graag in het bijzonder wil noemen.

Mijn co-promotores John Raemaekers en Michel Henry-Amar. Beste John, jou wil ik bijzonder 

hartelijk bedanken. Zonder jouw stimulerende invloed was ik niet zover gekomen, als ik nu 

ben. Het betreft niet alleen “mijn boekje”, maar ook de positie, die ik verworven heb in 

“lymfomenland” mede dankzij jouw generositeit. Ik denk met veel plezier terug aan de vele 

uren, die we hebben besteed aan het controleren van gegevens en aan het werken aan de 

verschillende publicaties betreffende de H34, officieel natuurlijk de E20884. 

Puisqu’ on parle français.... Cher Michel, je te remercie infiniment de m’avoir assistée à ma thèse 

et de m’avoir accueillie avec tant d’hospitalité pendant mon séjour en Normandie!Travailler 

avec toi et John a été pour moi un stimulant très agréable. 

Mijn promotores Harry Bartelink en Floor van Leeuwen.

Beste Harry, nu mijn boekje klaar is en jij op het punt staat je functie als hoofd van de 

afdeling neer te leggen, realiseer ik me meer dan ooit hoe belangrijk het is (geweest), dat 

ik de ruimte en gelegenheid gekregen heb, zowel wat mijn klinische als wetenschappelijke 

werkzaamheden betreft, om te doen wat ik graag wil(de) doen. Ik wil je hier dan ook hartelijk 

voor bedanken.

Beste Floor, ook jou ben ik bijzonder veel dank schuldig. Ik heb het werken met jou in de 

afgelopen jaren als bijzonder inspirerend ervaren. Ik wil je ook hartelijk danken voor je 

opbouwende kritiek en het minutieus becommentariëren van alle manuscripten, al geef ik 

toe dat ik niet altijd blij was als ik een stuk weer geheel “blauw” van al het bijgeschreven 

commentaar terug kreeg. 

Medewerkers van het late effecten project.

Sandra van den Belt-Dusebout. Beste Sandra, ook jij verdient een bijzonder dankwoord. Ik 

wil je heel hartelijk bedanken voor de plezierige samenwerking en je grote inzet voor de 

twee stukken, die we samen hebben geschreven. Een extra vraag/analyse was nooit een 

probleem! 

Marianne Kuenen, Gabey Ouwens, Lucille Dorresteijn, Shula Grivell en Jaennine Huisbrink 

hebben hard gewerkt aan de dataverzameling van het Hodgkin cohort. Met name Marianne 

en Gabey wil ik danken voor hun loyaliteit en enorme inzet om alle gegevens zo snel mogelijk, 

maar toch nauwkeurig(!) te verzamelen.

Maartje Hooning. Beste Maartje, ook jou wil ik bijzonder hartelijk danken voor je grote inzet 

voor het late effecten project. Toen jij je promotie onderzoek op dit project begon, hadden 

we gedacht, dat er een betrekkelijk grote overlap zou zijn tussen onze proefschriften. Wij 

hebben echter allebei onze plannen vele malen moeten bijstellen. Mijn bijdrage aan jouw 

proefschrift is kleiner dan mijn bedoeling was. Misschien kan ik dat bij de afronding van je 

proefschrift toch nog een beetje goed maken.
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Marieke De Bruin. Beste Marieke, jou wil ik hartelijk danken voor de voortvarende en 

plezierige manier waarop je nu het late effecten project coördineert. 

Guus Hart en Willem Klokman. Beste Guus en Willem, hartelijk dank voor alle ondersteuning 

en uitleg met betrekking tot een voor mijn nog steeds moeilijk onderdeel van wetenschappelijk 

werk: statistiek.

Antonella Pinna, datamanager EORTC Lymphoma group. Chère Antonella, merci de tes 

grands efforts et de ton hospitalité quand John et moi sommes venus à Villejuif.

Theo Girinsky. In English because my Russian is very poor… Dear Theo, thank you very much 

for your efforts concerning our H34 quality control study. It was quite an effort, but luckily 

we had fun too!

Wijlen Marion Burgers. Ook al leeft Marion helaas niet meer, toch kan zij in dit dankwoord niet 

onvermeld blijven. Marion heeft mij sterk aangemoedigd mij te verdiepen in de behandeling 

van patiënten met een lymfoom. Zelfs op het moment dat we afscheid namen, drukte ze me 

op het hart mijn best te doen voor het in dit proefschrift beschreven onderzoek. 

Reinier Somers. Beste Reinier, jaren geleden hebt ook jij me sterk gestimuleerd me bezig te 

gaan houden met patiënten met een lymfoom. Ik wil je hiervoor hartelijk bedanken. Het was 

een hele goede keuze!

Daphne de Jong. Beste Daphne, jou wil ik bedanken voor je kritische blik zowel betreffende 

werk- als privé aangelegenheden. Daarnaast wil ik je natuurlijk hartelijk danken voor je 

bijdrage aan het minisymposium op de dag van mijn promotie.

Mijn collega’s van de lymfoomgroep van NKI-AVL en AMC wil ik hartelijk danken voor de 

plezierige samenwerking bij het behandelen van patiënten met een lymfoom. Hopelijk lukt 

het ons in de nabije toekomst een “late effecten polikliniek” op te zetten.

Degenen van het NKI/AVL en het Integraal Kankercentrum Amsterdam, die hebben 

bijgedragen aan de organisatie van het minisymposium op de dag van mijn promotie, wil ik 

hiervoor hartelijk bedanken.

Verena Six. Lieve Verena, hartelijk dank voor het feit dat ik een van jouw prachtige foto’s 

mocht gebruiken voor de omslag van mijn boekje.

Huisartsen en medisch specialisten. Vele honderden huisartsen en specialisten hebben 

meegewerkt aan de totstandkoming van dit proefschrift met name aan de hoofdstukken 

over late effecten na behandeling voor Hodgkin lymfoom. Ik ben hun bijzonder veel dank 

schuldig. 

Mijn familie en vrienden. Lieve familie, lieve vrienden, ik wil jullie hartelijk danken voor jullie 

geduld en steun. Bij tijd en wijlen heb ik jullie ernstig verwaarloosd. Ik hoop me daar minder 

vaak schuldig aan te maken nu HET boekje af is. 

Tot slot mijn paranimfen, DD.. oftewel Dina Aleman en Derek Rietveld. Lieve Dina en Derek, 

ik wil jullie heel hartelijk bedanken voor jullie grote steun met betrekking tot mijn promotie 

en alles daar om heen. Ik denk met veel plezier terug aan onze voorbereidingen van deze 

bijzondere dag!
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Curriculum vitae

Berthe Mauricia Pauline Aleman is geboren op 16 april 1964 te Rotterdam. In 1982 behaalde 

zij haar VWO-B diploma op de Gemeentelijke Scholengemeenschap Woensel te Eindhoven. 

In datzelfde jaar is zij geneeskunde gaan studeren aan de Rijksuniversiteit Leiden. In 1987 

behaalde zij haar doctoraal examen na een keuze onderzoek op de Calcium Balans afdeling 

in het Academisch Ziekenhuis Leiden. In 1989 legde zij haar artsexamen af na een keuze 

onderzoek op de afdeling Radiotherapie van het Nederlands Kanker Instituut te Amsterdam 

(begeleider: dr. J.V. Lesbesque). Aansluitend startte zij haar opleiding tot radiotherapeut-

oncoloog (opleiders: dr. J.M.V. Burgers en prof. dr. G.M.M. Bartelink). Tijdens haar opleiding 

tot medisch specialist deed zij gedurende een half jaar onderzoek in het Gray Laboratory, 

Northwood, Engeland (begeleider: dr. M.C. Joiner). Sinds oktober 1994 is zij staflid van de 

afdeling Radiotherapie van het Nederlands Kanker Instituut te Amsterdam. Zij houdt zich 

vooral bezig met patiëntenzorg en daarnaast met klinisch georiënteerd wetenschappelijk 

onderzoek. Haar aandachtsgebieden betreffen patiënten met lymfomen en met maligniteiten 

van het maagdarmkanaal.

Van 1997 tot 2003 was zij lid van het bestuur van de IKA werkgroep gastro-enterologie en 

van de kerngroep van de IKA werkgroep hematologie.

In 1997 volgde zij wijlen dr. J.M.V. Burgers als studiecoördinator van de EORTC studie 

”Prospective randomized controlled trial of adjuvant involved field radiotherapy after 

MOPP-ABV hybrid chemotherapy in advanced Hodgkin’s disease” (E20884) op. In nauwe 

samenwerking met mede-studiecoördinator dr. J.M.M. Raemaekers en de biostatisticus 

van de EORTC lymfoom groep, dr. M. Henry-Amar, werden over deze studie verschillende 

artikelen geschreven. Sinds 2004 is zij wetenschappelijk secretaris van de EORTC Lymphoma 

Group. 

Tot slot is zij sinds 1998 samen met prof. dr. F.E. van Leeuwen, hoofd van de afdeling 

Epidemiologie van het Nederlands Kanker Instituut, leider van wetenschappelijke projecten, 

waarbij late effecten van behandeling voor verschillende maligniteiten worden bestudeerd.
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