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Summary
Background Children and adolescents with intermediate-stage and advanced-stage classical Hodgkin lymphoma 
achieve an event-free survival at 5 years of about 90% after treatment with vincristine, etoposide, prednisone, and 
doxorubicin (OEPA) followed by cyclophosphamide, vincristine, prednisone, and procarbazine (COPP) and 
radiotherapy, but long-term treatment effects affect survival and quality of life. We aimed to investigate whether 
radiotherapy can be omitted in patients with morphological and metabolic adequate response to OEPA and whether 
modified consolidation chemotherapy reduces gonadotoxicity.

Methods Our study was designed as a titration study with an open-label, embedded, multinational, non-inferiority, 
randomised controlled trial, and was carried out at 186 hospital sites across 16 European countries. Children and 
adolescents with newly diagnosed intermediate-stage (treatment group 2) and advanced-stage (treatment group 3) 
classical Hodgkin lymphoma who were younger than 18 years and stratified according to risk using Ann Arbor 
disease stages IIAE, IIB, IIBE, IIIA, IIIAE, IIIB, IIIBE, and all stages IV (A, B, AE, and BE) were included in the study. 
Patients with early disease (treatment group 1) were excluded from this analysis. All patients were treated with two 
cycles of OEPA (1·5 mg/m² vincristine taken intravenously capped at 2 mg, on days 1, 8, and 15; 125 mg/m² etoposide 
taken intravenously on days 1–5; 60 mg/m² prednisone taken orally on days 1–15; and 40 mg/m² doxorubicin taken 
intravenously on days 1 and 15). Patients were randomly assigned to two (treatment group 2) or four (treatment 
group 3) cycles of COPP (500 mg/m² cyclophosphamide taken intravenously on days 1 and 8; 1·5 mg/m² vincristine 
taken intravenously capped at 2 mg, on days 1 and 8; 40 mg/m² prednisone taken orally on days 1 to 15; and 
100 mg/m² procarbazine taken orally on days 1 to 15) or COPDAC, which was identical to COPP except that 250 mg/m² 
dacarbazine administered intravenously on days 1 to 3 replaced procarbazine. The method of randomisation (1:1) was 
minimisation with stochastic component and was centrally stratified by treatment group, country, trial sites, and sex. 
The primary endpoint was event-free survival, defined as time from treatment start until the first of the following 
events: death from any cause, progression or relapse of classical Hodgkin lymphoma, or occurrence of secondary 
malignancy. The primary objectives were maintaining 90% event-free survival at 5 years in patients with adequate 
response to OEPA treated without radiotherapy and to exclude a decrease of 8% in event-free survival at 5 years in the 
embedded COPDAC versus COPP randomisation to show non-inferiority of COPDAC. Efficacy analyses are reported 
per protocol and safety in the intention-to-treat population. The trial is registered with ClinicalTrials.gov (trial number 
NCT00433459) and EUDRACT (trial number 2006-000995-33), and is closed to recruitment.

Findings Between Jan 31, 2007, and Jan 30, 2013, 2102 patients were recruited. 737 (35%) of the 2102 recruited patients 
were in treatment group 1 (early-stage disease) and were not included in our analysis. 1365 (65%) of the 2102 patients 
were in treatment group 2 (intermediate-stage disease; n=455) and treatment group 3 (advanced-stage disease; n=910). 
Of these 1365, 1287 (94%) patients (435 [34%] of 1287 in treatment group 2 and 852 [66%] of 1287 in treatment group 3) 
were included in the titration trial per-protocol analysis. 937 (69%) of 1365 patients were randomly assigned to 
COPP (n=471) or COPDAC (n=466) in the embedded trial. Median follow-up was 66·5 months (IQR 62·7–71·7). Of 
1287 patients in the per-protocol group, 514 (40%) had an adequate response to treatment and were not treated with 
radiotherapy (215 [49%] of 435 in treatment group 2 and 299 [35%] of 852 in treatment group 3). 773 (60%) of 
1287 patients with inadequate response were scheduled for radiotherapy (220 [51%] of 435 in the treatment group 2 and 
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Introduction
Classical Hodgkin lymphoma is one of the most curable 
paediatric and adult cancers, with survival rates exce­
eding 90%.1–6 However, survivors are at high risk of 
secondary cancers, infertility, and cardiovascular disease 
after chemoradiotherapy.7–9

The current challenge is to tailor therapy to avoid 
overtreatment or undertreatment.10 Patient subgroups, 

which differ in disease stage and consequently in their 
treatment assignment, should have the same high cure 
rate, with as minimal treatment as possible.

Building on a series of treatment optimisation trials 
since 1978,2 the European Network for Paediatric Hodgkin 
Lymphoma (EuroNet-PHL) adopted a common compre­
hensive treatment strategy on the basis of a combined-
modality scheme for early-stage (treatment group 1), 

553 [65%] of 852 in treatment group 3. In patients who responded adequately, event-free survival rates at 5 years 
were 90·1% (95% CI 87·5–92·7). event-free survival rates at 5 years in 892 patients who were randomly assigned to 
treatment and analysed per protocol were 89·9% (95% CI 87·1–92·8) for COPP (n=444) versus 86·1% (82·9–89·4) for 
COPDAC (n=448). The COPDAC minus COPP difference in event-free survival at 5 years was –3·7% (–8·0 to 0·6). The 
most common grade 3–4 adverse events (intention-to-treat population) were decreased haemoglobin (205 [15%] of 
1365 patients during OEPA vs 37 [7%] of 528 treated with COPP vs 20 [2%] of 819 treated with COPDAC), decreased 
white blood cells (815 [60%] vs 231 [44%] vs 84 [10%]), and decreased neutrophils (1160 [85%] vs 223 [42%] vs 174 [21%]). 
One patient in treatment group 2 died of sepsis after the first cycle of OEPA; no other treatment-related deaths occurred.

Interpretation Our results show that radiotherapy can be omitted in patients who adequately respond to treatment, 
when consolidated with COPP or COPDAC. COPDAC might be less effective, but is substantially less gonadotoxic 
than COPP. A high proportion of patients could therefore be spared radiotherapy, eventually reducing the late effects 
of treatment. With more refined criteria for response assessment, the number of patients who receive radiotherapy 
will be further decreased.

Funding Deutsche Krebshilfe, Elternverein für Krebs-und leukämiekranke Kinder Gießen, Kinderkrebsstiftung Mainz, 
Tour der Hoffnung, Menschen für Kinder, Programme Hospitalier de Recherche Clinique, and Cancer Research UK.

Copyright © 2021 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Research in context

Evidence before this study
Survivors of childhood and adolescent classical Hodgkin 
lymphoma are at high risk for secondary cancers, infertility, and 
cardiovascular disease later in their life after successful 
chemoradiotherapy combination treatment. The challenge is to 
sustain high cure rates while reducing long-term side-effects by 
reducing radiation exposure and avoiding gonadotoxic 
chemotherapy. We searched MEDLINE between Jan 1, 2005, and 
Dec 1, 2020, using the terms “Hodgkin lymphoma”, 
“radiotherapy-induced late effects”, “interim PET”, “procarbazine 
chemotherapy”, and “fertility”. PET after two or three cycles of 
chemotherapy is used for response-adapted therapy in patients 
with classical Hodgkin lymphoma. Procarbazine-free treatment 
in boys was equally effective as standard treatment with 
vincristine, prednisone, procarbazine, and doxorubicin (OPPA) 
followed by cyclophosphamide, vincristine, prednisone, and 
procarbazine (COPP) in girls. However, convincing data in the 
literature on the long-term effect of procarbazine in girls and 
women are scarce.

Added value of this study
With the results of our large multinational randomised trial 
(EuroNet-PHL-C1) in patients younger than 18 years of age with 
classical Hodgkin lymphoma, we showed that radiotherapy can 
safely be avoided in intermediate and advanced stage patients 
who have an adequate response to an intensified induction with 

vincristine, etoposide, prednisone, and doxorubicin 
chemotherapy. EFS or overall survival were not compromised 
when patients received either COPP or cyclophosphamide, 
vincristine, prednisone, and dacarbazine (COPDAC) 
consolidation. The results of the randomised embedded 
non-inferiority study showed that in consolidation treatment, 
dacarbazine (COPDAC) might be less effective compared to 
procarbazine (COPP), but is substantially less gonadotoxic in 
both boys and girls.

Implications of all the available evidence
The omission of radiotherapy in adequately responding patients 
is likely to reduce late-effects of treatment like second 
malignancies and has become the current treatment approach for 
young patients with classical Hodgkin lymphoma in the EuroNet-
PHL consortium. The replacement of procarbazine with 
dacarbazine for consolidation is less gonadotoxic in both sexes, 
therefore COPDAC is now considered the standard consolidation 
chemotherapy for intermediate and advanced stage patients 
within the EuroNet-PHL group. The hope is that with this 
approach radiotherapy-induced second cancers and procarbazine-
induced gonadotoxicity in young Hodgkin lymphoma survivors 
can be avoided. The results of this trial might change the current 
treatment for classical Hodgkin lymphoma in children and 
adolescents throughout the EuroNet-PHL consortium and in 
other international paediatric Hodgkin study groups.
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intermediate-stage (treatment group 2), and advanced-
stage (treatment group 3) disease. As part of this treat­
ment strategy, after two intensive induction cycles (with 
vincristine, etoposide, prednisone, and doxorubicin 
[OEPA]), treatment group 2 and treatment group 3 received 
two or four consolidation cycles (cyclophosphamide, 
vincristine, prednisone, and procarbazine [COPP]) and all 
patients received involved-field radiotherapy to all initially 
involved tumour sites. event-free survival at 5 years was in 
the order of 90%.2,11 However, treatment with procarbazine 
increases the risk of infertility in male patients and 
premature ovarian insufficiency in female patients.12–15

The main objectives of the first EuroNet-PHL 
prospective trial for classical Hodgkin lymphoma in 
young people (EuroNet-PHL-C1), which we report here, 
were twofold. First, to examine whether in patients with 
adequate PET and morphological response to two cycles 
of OEPA, radiotherapy could be safely omitted while 
maintaining the 90% event-free survival target rate at 
5 years. Second, to replace procarbazine with the 
potentially less gonadotoxic drug dacarbazine. Therefore, 
patients in treatment group 2 and treatment group 3 
were randomly assigned to either cyclophosphamide, 
vincristine, prednisone, and dacarbazine (COPDAC) or 
COPP with the aim to show non-inferiority and decreased 
gonadotoxicity. Here, we report only the results of 
patients with intermediate-stage (treatment group 2) and 
advanced-stage (treatment group 3) disease. An important 
secondary objective was to investigate whether patients 
with inadequate response to OEPA who were scheduled 
to receive standard radiotherapy after consolidation 
chemotherapy would still meet the 90% 5-year event-free 
survival target with COPP or COPDAC and radiotherapy.

Methods
Study design and participants
Our study was designed as a titration study with an open-
label, embedded, multinational, non-inferiority, random­
ised controlled trial, and was done at 186 hospital sites 
across 16 European countries (appendix p 5).

Within a titration study, the objective of treatment 
tailoring requires looking at patient subgroups, which 
might be overtreated or undertreated with a given strategy. 
However, stochastic fluctuations and multiplicity issues 
notoriously complicate subgroup analyses. Estimating 
treatment by subgroup interactions generally requires 
large sample sizes. The treatment titration trial (TTT) 
design developed for EuroNet-PHL-C1 relies on a 
peculiarity of paediatric cancer studies, whereby a 
currently ongoing trial of the respective national study 
group is often considered the standard of care in that 
country. The patient populations of the participating trial 
sites nearly coincide with the trial target population. 
Therefore, estimating absolute outcome measures is 
meaningful. TTTs focus on absolute outcome rates, by 
contrast to randomised controlled trials that assess causal 
effects estimating treatment differences. TTTs ask 

whether a given treatment strategy is good enough in 
defined subgroups of patients relative to a target outcome. 
This approach is not new; rather the TTT design only 
explains what series of paediatric study groups trials have 
implicitly done in the past.2,11 Statistically, we replaced 
estimating differences by estimating absolute-outcome 
rates, thus increasing power in assessing subgroups.

In the titration study of EuroNet-PHL-C1, we aimed for 
a titration target rate of 90% event-free survival at 5 years. 
Treatment reduction can be justified even if it leads to a 
minor decrease in efficacy, as long as outcome in the 
respective subgroups remains consistent with the target 
outcome rate, while toxicity is reduced appreciably. 
Therefore, the primary objective of the titration study 
was to analyse whether the event-free survival rates 
estimates at 5 years in patients with adequate response 
after two cycles of OEPA treatment without radiotherapy 
is consistent with a target event-free survival rate of 
90% in treatment group 2 and treatment group 3. For the 
titration study, results of all relevant subgroups defined 
by treatment group (treatment group 2 or treatment 
group 3), early-response result (adequate response or 
inadequate response), or consolidation chemotherapy 
(COPP or COPDAC) have been analysed, with the 
primary focus on patients with adequate response, in 
whom standard radiotherapy was omitted. A secondary 
objective was to investigate whether the event-free 
survival rate at 5 years in patients with inadequate 
response after two cycles of OEPA who received standard 
involved-field radiotherapy after consolidation chemo­
therapy is consistent with a target event-free survival rate 
of 90%.

We also embedded a randomised substudy into the 
EuroNet-PHL-C1 titration study. The primary objective 
was to show non-inferiority of COPDAC versus COPP by 
excluding a decrease of 8% in event-free survival at 5 years. 
Omission of radiotherapy and randomised consolidation 
treatement were considered unrelated, that is to say the 
randomised study was designed to compare consolidation 
chemotherapies, irrespective of radiotherapy assignment. 
The randomised study was not additionally powered for 
any subgroup analysis within the randomised controlled 
trial. However, subgroup analysis by treatment group was 
planned. The secondary objective was to investigate 
whether substitution of dacarbazine for procarbazine in 
patients in treatment group 2 and treatment group 3 
decreased the rate of infertility in male patients and 
premature menopause in female patients.

Previously untreated patients younger than 18 years 
with classical Hodgkin lymphoma were included and 
stratified according to risk using Ann Arbor disease 
stages IIAE, IIB, IIBE, IIIA, IIIAE, IIIB, IIIBE, and all 
stages IV (A, B, AE, and BE). Reference pathology was 
mandatory, and involved the centralised review of all 
local histopathology specimens (at the patient level) by a 
second expert, to make sure that the disease diagnosis 
was uniform and did not comprise other entities of 

See Online for appendix
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lymphoma, or worse, other non-lymphomatic tumours. 
Exclusion criteria included the following: pretreatment 
of Hodgkin lymphoma differing from that of the 
study protocol (except recommended prephase therapy 
of a large mediastinal tumour); known hypersensi­
tivity or contraindication to study drugs; diagnosis of 
lymphocyte-predominant Hodgkin lymphoma; previous 
chemotherapy or radiotherapy; other (simultaneous) 
malignancies; pregnancy, lactation, or both; female 
patients who were sexually active and refused the use of 
effective contraception (oral contraception, intrauterine 
devices, a barrier method of contraception in conjunction 
with spermicidal gel, or surgical sterilisation); current or 
recent (within 30 days of the start of trial treatment) 
treatment with another investigational drug or partici­
pation in another investigational trial; severe concomitant 
diseases (eg, immune deficiency syndrome); or known 
HIV positivity.

Staging was done through clinical assessment, 
diagnostic imaging, and ¹⁸F-FDG-PET. Diagnostic imaging 
included intravenous contrast-enhanced, cross-sectional 
imaging from the skull base to the symphysis. Investigation 
of the neck, abdomen, and pelvis was performed either by 
CT or MRI, whereas a chest CT was mandatory. Patients 
were assigned to treatment groups according to the 
reference staging, defined by real-time central board 
review or local staging (in France only). Patients with Ann 
Arbor disease stages IA or IB and IIA were assigned to 
treatment group I, stages IAE and IBE, IIAE, IIB, or IIIA 
to treatment group 2, and stages IIBE, IIIAE and IIIBE, 
IIIB, or IVA and IVB to treatment group 3.11 Patients in 
treatment group 2 and treatment group 3 were eligible for 
the randomised substudy reported here (appendix p 2).

All patients or their guardians provided written 
informed consent. Local and central ethical boards in 
each country approved the study, and the study was done 
in accordance with Good Clinical Practice and the 
Declaration of Helsinki.

Randomisation and masking
Patients were randomly assigned (1:1) to COPP and 
COPDAC within treatment groups, countries, trial sites, 
and sex by minimisation with a stochastic component. 
Randomisation was performed before early-response 
assessment (ERA) to avoid treatment delay (appendix 
p 2); no platform or website was used for randomisation, 
and it was instead done manually by the Centre for 
Clinical Trials (Leipzig, Germany). This study was open 
label. Only the Central Review Board assessing the ERA 
was masked to the randomisation result.

Procedures
All patients received two cycles of OEPA (1·5 mg/m² 
vincristine taken intravenously capped at 2 mg, on days 1, 
8, and 15; 125 mg/m² etoposide taken intravenously on 
days 1–5; 60 mg/m² prednisone taken orally on days 1–15; 
and 40 mg/m² doxorubicin taken intravenously on 

days 1 and 15). Patients in treatment group 2 received 
two cycles of consolidation therapy and patients in 
treatment group 3 received four cycles of consolidation 
therapy, with either COPP (500 mg/m² cyclophos­
phamide taken intravenously on days 1 and 8; 
1·5 mg/m² vincristine taken intravenously capped at 
2 mg, on days 1 and 8; 40 mg/m² prednisone taken orally 
on days 1 to 15; and 100 mg/m² procarbazine taken orally 
on days 1 to 15) or COPDAC. COPDAC was identical to 
COPP except that procarbazine was replaced with 
dacarbazine at 250 mg per m² administered intravenously 
on days 1 to 3 (appendix p 2). The duration of each cycle 
was 28 days. The subsequent chemotherapy cycle started 
on day 29 of each cycle when the following criteria 
were fulfilled: satisfactory general condition; white blood 
cell count higher than 2000 cells per mm³; absolute 
neutrophil count higher than 500 cells per mm³; platelets 
higher than 80 000 per mm³; and no contraindication to 
any of the prescribed drugs.

In cases where patients had an expected treatment delay 
of more than 1 week due to febrile neutropenia, contacting 
the regional study chairperson was recommended, given 
that treatment delay can affect efficacy. Before the start of 
each chemotherapy cycle, differential blood count and 
alanine aminotransferase, aspartate aminotransferase, 
gamma glutamyl transferase, bilirubin, and creatinine 
were measured. Further diagnostic measures (such as 
electrocardiograms and lung-function assessments) were 
carried out according to the individual circumstances of 
the patient. Additionally, blood counts were measured at 
least twice during every cycle, especially when the 
haematotoxic effects of chemotherapy were highest. The 
patient’s general condition, assessed with the Lansky and 
Karnofsky performance index, was documented before 
therapy and regularly during therapy. Chemotherapy-
related toxicity was categorised according to common 
toxicity criteria (version 2.0).16

Adverse events were documented and graded 
concomitantly to each chemotherapy cycle using a 
prespecified list of expected adverse events and by 
describing unexpected adverse events. Long-term 
sequelae were documented on follow-up case report 
forms. The primary endpoint was not centrally reviewed.

The premature termination of trial therapy in an 
individual patient was considered for the following 
reasons: adverse events or serious adverse events; no 
response to therapy according to protocol definition; 
excessive toxicity; at the discretion of the investigator; 
severe protocol violation; non-compliance of the patient; 
and administrative problems. In addition, the trial 
therapy could be terminated by request of the patient, in 
case of withdrawal of consent, or in case of loss to 
follow-up. Additional criteria for a patient to be removed 
from the study are described in the appendix (p 3).

The decision to recommend radiotherapy on completion 
of chemotherapy was established at ERA on day 29–31 of 
the second cycle of OEPA. All ERA PET, CT, and MRI 
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scans of all patients in all participating countries were 
immediately sent to the Central Review Board for real-time 
review (a necessary step to move on with consolidation 
treatment without delay), except for France, who had their 
own regional assessment for decisions on further 
stratification of their patients. All decision makers (ie, the 
central and regional review boards) were masked to the 
randomisation of the patients. ERA was based on morpho­
logical tumour-volume response and PET response.11 
Partial remission corresponded to at least 50% tumour-
volume reduction in any involved nodal site. We used four 
gradual visual categories to assess ERA PET response 
(category 1, no FDG uptake and activity; category 2, slight 
FDG uptake and activity; category 3, focal FDG uptake and 
activity; and category 4, strong FDG uptake and activity). 
The cutoff for PET positivity was set between the first 
two and the last two visual categories and corresponds 
approximately to considering a visual Deauville score of 3 
or higher as positive.17 Adequate response at ERA was 
defined as partial remission or greater and PET negativity. 
Radiotherapy was omitted in patients who responded 
adequately to induction chemotherapy with two cycles of 
OEPA. Patients with an inadequate response received 
radiotherapy at a dose of 19·8 Gy (usually 11 fractions of 
1·8 Gy per day) at all initially involved tumour sites. 
Residual masses of more than 100 mL at ERA and sites 
that responded slowly to treatment (<75% volume 
reduction at ERA in lesions with minimal residual volume 
of >5 mL) received an additional boost of 10 Gy.

Fertility-related parameters in patients who had been 
through puberty were assessed by endocrine analysis at 
diagnosis and at least 12 months after start of treatment. 
Gonadal function in patients who had been through 
puberty was assessed by measurement of serum repro­
ductive hormones, and semen analyses in male 
individuals according to recently assessed standards. 
Semen analysis was classified as either normal or 
abnormal if sperm concentration, morphology, or 
motility were outside reference ranges.18 In male 
individuals, serum follicle-stimulating hormone (FSH) 
concentrations higher than 10 IU per litre with or without 
inhibin-B concentrations of less than 100 ng per litre 
were considered to indicate spermatogenic damage and 
probable azoospermia,19 supported by direct semen 
analysis.18 Inhibin B was also measured as an index of 
spermatogenesis.20 In female individuals, FSH concen­
trations higher than 25 IU per litre were used to indicate 
premature ovarian insufficiency.21 In case of several 
assessments, the latest sample in male individuals and 
the highest FSH value in female individuals was 
analysed. FSH and inhibin were measured locally by 
standard laboratory tests.

Outcomes
The primary endpoint was event-free survival, defined as 
time from treatment start until the first of the following 
events: death from any cause, progression or relapse of 

classical Hodgkin lymphoma, or occurrence of secondary 
malignancy. Secondary endpoints in all patients were 
overall survival, defined as time from start of treatment to 
death from any cause, progression-free survival, defined 
as time from treatment start until the first of the following 
events: death from any cause; progression of classical 
Hodgkin lymphoma, or relapse of classical Hodgkin 
lymphoma; evidence of male infertily score (FSH 
measurements, semen analysis if available, and inhibin 
B); female sexual functioning score (FSH measurements 
and rate of premature ovarian insufficiency, defined as 
FSH >25 IU/L); and long-term data.

Statistical analysis
This pragmatic trial aimed to include all patients 
available within an enrolment period of 6 years in the 
TTT to maximise power in the relevant subgroups, with 
at least 1216 patients required for treatment group 2 
and treatment group 3. We estimated event-free survival 
at 5 years in the subgroups implied by the design with 
two-sided 95% CI. Subgroup outcome was considered 
consistent with the target rate if the CI included or was 
higher than 90%. The main results of the TTT were 
compiled in a forest plot. The primary objective was to 
confirm that the 5-year event-free survival was consistent 
with a 90% target rate in patients with adequate 
response, in whom standard radiotherapy was omitted. 
The secondary objective was to confirm that the 5-year 
event-free survival was still consistent with the 90% 
target rate in patients with inadequate response.

For the randomised substudy, 700–1100 patients were 
expected to be eligible. To claim non-inferiority of 
COPDAC versus COPP, we aimed to exclude a 
difference of 8% from the two-sided 95% CI for the 
event-free survival rate at 5 years. Assuming an event-
free survival rate of 90% with COPP, the expected 
sample size would need to provide 80% power to show 
non-inferiority, as long as COPDAC was less than 
2% inferior to COPP. Annual interim analyses were 
scheduled after the third year to monitor for unexpected 
superiority using a two-sided α of 0·1%. Subgroup 
analyses by treatment group and ERA response (with 
adequate response occurring when radiotherapy was 
omitted and inadequate response occurring with 
standard radiotherapy) were implicit by the study 
design. Only events within a follow-up of 72 months 
were considered.

We did both an intention-to-treat (ITT) and a 
per-protocol analysis. The per-protocol set excluded 
patients who progressed or died before the start of 
consolidation chemotherapy, and patients who did not 
receive the assigned treatment or without treatment 
assignment at ERA. These protocol deviations included 
patients who received no radiotherapy but had an 
inadequate response at ERA, patients who received 
radiotherapy but had an adequate response at ERA, and 
patients who switched chemotherapy groups after 
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randomisation. Patients with disease progression or 
serious toxicity during consolidation chemotherapy 
were not excluded. Here, we report the results of the 

per-protocol analysis because the study aimed to establish 
non-inferiority. Data obtained from the ITT analysis are 
shown in the appendix (pp 24–29).

2102 patients were enrolled

1365 with intermediate-stage or advanced-stage disease
 (TG2 and TG3) included in the titration study

737 with early-stage disease (TG1) excluded from the analysis

428 not included in embedded RCT 937 included in embedded RCT before ERA

158 chose consolidation therapy
 71 COPP (22 in TG2 and 
 49 in TG3)
 87 COPDAC (28 in TG2 and 
 59 in TG3)

270 assigned to COPDAC after end
 of randomisation (87 in TG2 
 and 183 in TG3)

395 included in per-protocol
 analysis

444 included in per-protocol
 analysis

448 included in per-protocol
 analysis

471 assigned to COPP in the RCT
 (1 in TG1*, 157 in TG2,
 and 313 in TG3)

466 assigned to COPDAC in the RCT
 (161 in TG2, and 305 in TG3)

215 in TG2 with adequate response 
 and no radiotherapy
      121 treated with COPDAC
 (71 in RCT)
       94 treated with COPP
 (85 in RCT)

553 in TG3 with inadequate 
 response and radiotherapy
 334 treated with COPDAC
  (203 in RCT)
 219 treated with COPP
  (186 in RCT)

18 excluded from per-
 protocol analysis
 1 disease progressed 
 before ERA
 14 had IR with no 
   radiotherapy
 2 had adequate 
 response and
 received radiotherapy
 1 switched from
 COPDAC to COPP

27 excluded from per-
 protocol analysis
 1 disease progressed
  before ERA
 1 withdrew before ERA
 1 downstaged from 
  TG2 to TG1
 10 had inadequate 
  response with no 
  radiotherapy
 4 had adequate 
  response and 
  received radiotherapy
 10 switched from COPP 
  to COPDAC

33 excluded from per-
 protocol analysis
 1 died before ERA
 2 disease progressed
  before ERA
 1 downstaged from
  TG2 to TG1
 27 had inadequate 
   response with no
   radiotherapy
  1 switched from COPP
   to COPDAC
  1 switched from
   COPDAC to COPP

435 in TG2 treated with COPP or COPDAC 

220 in TG2 with inadequate
 response and radiotherapy
 139 treated with COPDAC
  (85 in RCT)
 81 treated with COPP
  (69 in RCT)

1287 in the titration study per-protocol analysis

853 in TG3 treated with COPP or COPDAC 

299 in TG3 with adequate response 
 and no radiotherapy
 184 treated with COPDAC
 (69 in RCT)
 115 treated with COPP
 (104 in RCT)

Figure 1: Trial profile of the titration study with embedded randomisation
COPP=cyclophosphamide, vincristine, prednisone, and procarbazine. ERA=early response assessment. ITT=intention to treat. RCT=randomised controlled trial. 
TG1=treatment group 1. TG2=treatment group 2. TG3=treatment group 3. COPDAC=cyclophosphamide, vincristine, prednisone, and dacarbazine. *One patient 
initially assigned to TG2 was downstaged and treated as being in TG1 according to the local investigator’s discretion. 
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Toxicity profiles of the OEPA, COPP, and COPDAC 
regimens are described using regimen-specific safety 
populations consisting of all ITT patients who received 
the respective regimens. Analyses were done using 
R version 4.03.

Estimates of 5-year rates with two-sided 95% CIs were 
obtained with the Kaplan-Meier product-limit estimator 
for all time-to-event endpoints (event-free survival, 
overall survival, and progression-free survival). For the 
titration study, results of all relevant subgroups defined 
by treatment group (treatment group 2 or treatment 
group 3), early-response result (adequate response or 
inadequate response), or consolidation chemotherapy 
(COPP or COPDAC) have been analysed, with the 
primary focus being on patients with adequate response, 
in whom standard radiotherapy was omitted. Subgroup 
outcome was considered consistent with the target rate if 
the 95% CI included or was higher than 90%. The main 
results of the TTT were compiled in a forest plot for 
event-free survival.

FSH (male and female) and data on inhibin B after 
COPP or COPDAC consolidation chemotherapy were 
presented by plotting empirical cumulative-distribution 
curves and compared using Mann-Whitney U tests with 
a two-sided 5% significance threshold. Results of the 
semen analysis were compared using Fisher’s exact test.

The trial was registered ClinicalTrials.gov (trial number 
NCT00433459) and EUDRACT (trial number 
2006-000995-33).

Role of the funding source
The funders of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report.

Results
Between Jan 31, 2007, until Jan 30, 2013, 2102 patients 
were enrolled. 737 (35%) of the 2102 recruited patients 
were in treatment group 1 (early-stage disease), and 
therefore are not included in our analysis and will be 
reported separately. 1365 (65%) of the 2102 patients were 
in treatment group 2 (intermediate-stage disease; n=455) 
and treatment group 3 (advanced-stage disease; n=910). 
Of these 1365 patients, 1287 (94%) patients (435 [34%] 
were in treatment group 2 and 852 [66%] of 1287 were in 
treatment group 3) were included in the titration trial per-
protocol analysis. 514 (40%) of 1287 patients with adequate 
response received no radiotherapy (215 [49%] of 435 in 
treatment group 2 and 299 [35%] of 852 in treatment 
group 3). 773 (60%) of 1287 patients with inadequate 
response were scheduled for radiotherapy (220 [51%] of 
435 in the treatment group 2 and 553 [65%] of 852 in 
treatment group 3; figure 1), and all but one patient had a 
positive PET at ERA. Only one patient had an inadequate 
morphological response and was PET negative.

158 (12%) of 1365 patients refused random assignment 
to treatment and chose either COPP (n=71) or COPDAC 

Patients in the 
titration study 
(n=1287)

Patients in the 
embedded, randomised 
cohort (n=892)

Patients randomly 
assigned to COPP 
(n=444)

Patients randomly 
assigned to 
COPDAC (n=448)

Age, years

≥13 years 934 (73%) 652 (73%) 317 (71%) 335 (75%)

<13 years 353 (27%) 240 (27%) 127 (29%) 113 (25%)

Median (IQR) 14·8 (12·8–16·2) 14·8 (12·8–16·3) 14·7 (12·6–16·1) 15·0 (12·9–16·3)

Sex

Male 717 (56%) 494 (55%) 244 (55%) 250 (56%)

Female 570 (44%) 398 (45%) 200 (45%) 198 (44%)

Combined stage*

2A 3 (<1%) 1 (<1%) 1 (<1%) 0

2AE 93 (7%) 66 (7%) 30 (7%) 36 (8%)

2B 194 (15%) 140 (16%) 73 (16%) 67 (15%)

2BE 114 (9%) 85 (10%) 49 (11%) 36 (8%)

3A 157 (12%) 112 (13%) 56 (13%) 56 (13%)

3AE 30 (2%) 20 (2%) 8 (2%) 12 (3%)

3B 148 (11%) 97 (11%) 51 (11%) 46 (10%)

3BE 54 (4%) 41 (5%) 20 (5%) 21 (5%)

4A 167 (13%) 112 (13%) 49 (11%) 63 (14%)

4AE 44 (3%) 26 (3%) 17 (4%) 9 (2%)

4B 189 (15%) 130 (15%) 61 (14%) 69 (15%)

4BE 94 (7%) 62 (7%) 29 (7%) 33 (7%)

Ann Arbor stage

2 404 (31%) 292 (33%) 153 (34%) 139 (31%)

3 389 (30%) 270 (30%) 135 (30%) 135 (30%)

4 494 (38%) 330 (37%) 156 (35%) 174 (39%)

B symptoms

No 494 (38%) 337 (38%) 161 (36%) 176 (39%)

Yes 793 (62%) 555 (62%) 283 (64%) 272 (61%)

Bulky disease†

No 635 (49%) 429 (48%) 222 (50%) 207 (46%)

Yes 602 (47%) 422 (47%) 201 (45%) 221 (49%)

Response group

Adequate 
response

514 (40%) 349 (39%) 189 (43%) 160 (36%)

Inadequate 
response

773 (60%) 543 (61%) 255 (57%) 288 (64%)

Treatment group and ERA response

TG 2 adequate 
response

215 (17%) 156 (17%) 85 (19%) 71 (16%)

TG 2 inadequate 
response

220 (17%) 154 (17%) 69 (16%) 85 (19%)

TG 3 adequate 
response

299 (23%) 193 (22%) 104 (23%) 89 (20%)

TG 3 inadequate 
response

553 (43%) 389 (44%) 186 (42%) 203 (45%)

Data are n (%). COPP=cyclophosphamide, vincristine, prednisone, and procarbazine. COPDAC=cyclophosphamide, 
vincristine, prednisone, and dacarbazine. ERA=early-response assessment. TG2=treatment group 2. TG3=treatment 
group 3. *Combined stage consists of the Ann Arbor stage combined with B symptoms (ie, unexplained fever 
>38·5°C, weight loss of 10% during the past 6 months, and drenching night sweats) and E stage (ie, lymphoma 
with contiguous invasion of neighbouring organs or tissue). †Bulky disease is defined as a contiguous tumour 
volume of at least 200 mL.

Table 1: Demographic data of patients in the per-protocol group in the titration study and the 
embedded, randomised cohort
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(n=87). Randomisation was stopped at 937 patients 
randomised between COPP (n=471) or COPDAC (n=466) 
consolidation because of a perceived change in the risk–
benefit assessment, with emerging evidence from interim 
analyses of this trial that COPP and COPDAC are 
similarly efficacious, but COPDAC was less likely to 
impair male fertility. Thereafter, 270 patients were 
assigned to COPDAC. The per-protocol set of the 
embedded randomised cohort consisted of 444 patients 
treated with COPP and 448 patients treated with COPDAC 
after exclusion of 45 patients with protocol deviations 
(figure 1). Patient characteristics of 1287 patients in the 
per-protocol group of the titration study and 892 patients 
in the per-protocol group of the randomised trial are 
described in table 1. The adequate-response rate was 
lower in COPDAC (189 [43%] of 444) than in COPP 
(160 [36%] of 448), although ERA was masked to the 

randomisation result. The characteristics of patients who 
were in the per-protocol group and who chose COPP or 
COPDAC, along with the characteristics of patients who 
were assigned to COPDAC after stopping the random­
isation, are described the appendix (p 14).

Follow-up duration was 5 years for 80% of all patients. 
Median follow-up was 66·5 months (IQR 62·7–71·7). 
Within 72 months of the start of the trial, 153 event-free 
survival events occurred in the per-protocol set (38 in 
treatment group 2 and 115 in treatment group 3), with 
recurrent classical Hodgkin lymphoma in 143 patients 
(35 in treatment group 2 and 108 in treatment group 3). 
In ten patients, secondary malignancies as first events 
occurred 6·9–61·9 months after start of treatment with the 
following diagnoses: four thyroid cancers; one Langerhans-
cell histiocytosis; two B-cell lymphomas; two cases of acute 
myeloid leukaemia; and one alveolar rhabdomyosarcoma 
(appendix p 37). 22 patients in the per-protocol group died 
(six in treatment group 2 and 16 in treatment group 3), 
21 of whom died after recurrent disease, and one patient in 
treatment group 3 died after secondary malignancy as a 
first event.

Event-free survival rates at 5 years in patients with 
adequate response and omission of radiotherapy were 
consistent with the target rate of 90%. event-free survival 
rate at 5 years (primary endpoint) in all patients who 
responded adequately was 90·1% (95% CI 87·5–92·7; 
figure 2A). Overall survival and progression-free survival 
rates at 5 years are shown in the appendix (pp 30–33). We 
obtained similar event-free survival and progression-free 
survival rates at 5 years in the ITT analysis (appendix 
pp 24–26). Subgroup analyses showed event-free survival 
rates at 5 years of 93·0% (89·6–96·5) in people with 
adequate response in treatment group 2 and 88·0% 
(84·3–91·8) in those with adequate response in treatment 
group 3, 92·7% (89·2–96·3) in those with adequate 
response who received COPP, and 88·3% (84·7–92·0) in 
those with adequate response who received COPDAC. In 
addition, in patients with adequate response in treatment 
group 2 or treatment group 3 subgroups treated with 
COPP or COPDAC, Event-free survival rates at 5 years 
were within the 90% target rate (figure 3).

The 773 patients with inadequate response were 
scheduled for standard radiotherapy; 208 (27%) of 
773 patients received boost irradiation, 45 (22%) 
of 208 patients were in treatment group 2 and 163 (78%) 
of 208 patients were in treatment group 3. Thus 
45 (20%) of 220 patients in treatment group 2 and 
163 (29%) of 553 in treatment group 3 received boost 
radiotherapy. The event-free survival rate at 5 years in 
the inadequate-response group was 87·1% (95% CI 
84·7–89·5), lower than the 90% target (figure 2A). 
Overall survival results in these patients are shown in 
the appendix (p 30). We obtained similar event-free 
survival rates at 5 years in the ITT analysis (appendix 
p 24). Subgroup analyses showed event-free survival 
rates at 5 years of 90·1% (95% CI 86·2–94·2) in people 
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Adequate response without radiotherapy (n=514, 53 events) 
Inadequate response with radiotherapy (n=773, 100 events)

Event-free survival at 60 months for adequate response without
radiotherapy 90·1% (95% CI 87·5–92·7)

Event-free survival at 60 months for inadequate response with
radiotherapy 87·1% (95% CI 84·7–89·5)

COPDAC (n=448, 61 events)
COPP (n=444, 47 events) 

Event-free survival at 60 months for patients treated with 
COPP 89·9% (95% CI 87·1–92·8)

Event-free survival at 60 months for 
COPDAC 86·1% (95% CI 82·9–89·4)

Figure 2: Event-free survival of patients in the per-protocol group in the titration trial and the embedded 
randomised trial
(A) Event-free survival of the patients in the per-protocol group in the titration trial, for patients with adequate 
response without radiotherapy (blue) and patients with inadequate response scheduled for radiotherapy (red). 
(B) Event-free survival of the patients in the per-protocol group in the embedded randomisation trial who were 
treated with COPP (red) and COPDAC (blue). COPP=cyclophosphamide, vincristine, prednisone, and procarbazine. 
COPDAC=cyclophosphamide, vincristine, prednisone, and dacarbazine.
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with inadequate response in treatment group 2 and 
85·9% (83·0–88·9) in those with inadequate response 
in treatment group 3, 88·1% (84·4–91·9) in those with 
inadequate response who received COPP, and 86·5% 
(83·4–92·0) in those with adequate response who 
received COPDAC.

The event-free survival rate at 5 years in 892 patients 
who were randomly assigned to COPP or COPDAC 
treatment and analysed per protocol was 89·9% 
(95% CI 87·1–92·8) in the 444 patients who received 
COPP versus 86·1% (82·9–89·4) in the 448 patients 
who received COPDAC (figure 2B). We obtained similar 
event-free survival rates at 5 years in the ITT analysis 
(appendix p 27). The COPDAC minus COPP difference 
in 5-year event-free survival; rate was –3·7% (95% CI 
–8·0 to 0·6) in the per-protocol analysis, and –3·1% 
(–7·5 to 1·3) in the ITT analysis. 5-year overall survival 
rates are shown in the appendix (p 29 and 31).

In an unplanned subgroup analysis, in patients with 
inadequate response, the 5 year event-free survival rate 
was 88·3% (95% CI 84·4–92·4) with COPP and 87·9% 
(84·2–91·8) with COPDAC (appendix p 34). Thus, the 
treatment difference was –0·4% (–5·9 to 5·1). However, 
in patients with adequate response, the 5-year event-free 
survival rate was 91·9% (95% CI 88·1–95·9) with COPP 
and 82·9% (77·2–89·0) with COPDAC (appendix p 35). 
The treatment difference was –9·1% (–16·1 to –2·0). 
There was no difference in overall survival between COPP 
and COPDAC, with or without radiotherapy (data not 
shown).

Pretreatment semen analyses were done in 127 (19%) 
of 717 male patients in the per-protocol group with 
intermediate and advanced disease stages. Of these 127, 
44 (35%) were normospermic, 60 (47%) had an abnormal 
analysis, and 23 (18%) were azoospermic. Azoospermia 
at time of diagnosis was detected in five (13%) of 
39 patients in treatment group 2 and in 18 (20%) of 88 of 
patients in treatment group 3 (p=0·44). After a median of 
40 months follow-up, 19 (83%) of 23 patients had 
azoospermia after COPP, but none of the 22 patients 
who received COPDAC had azoospermia (p<0·0001). 
There was no suggestion of a procarbazine dose effect: 
nine (90%) of ten patients exposed to two cycles of COPP 
had azoospermia compared with ten (77%) of 13 patients 
exposed to four cycles. FSH was elevated (higher than 
10 U/L) in 69 (66%) of 105 boys who were randomly 
assigned to COPP (median 13·6 U/L, IQR 8·6–19·7) 
compared with nine (9%) of 103 patients who were 
randomly assigned to COPDAC (median 4·2 U/L, 
2·6–6·4; p<0·0001; figure 4A). Inhibin B was reduced 
after treatment with COPP compared with COPDAC 
(p<0·0001; appendix p 17).

Serum FSH in female patients who had gone through 
puberty and who were not taking hormonal contraceptives 
was measured in the per-protocol group at presentation 
in 132 (23%) of 570 female patients and at least 12 months 
after start of treatment in 156 (27%) of 570 female 
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Figure 3: Forest plot of point estimates of event-free survival for relevant subgroups in the titration study 
(per-protocol population)
Point estimates and 95% CIs for relevant subgroups in the titration study are shown. AR=adequate response. 
COPP=cyclophosphamide, vincristine, prednisone, and procarbazine. COPDAC=cyclophosphamide, vincristine, 
prednisone, and dacarbazine. IR=inadequate response. TG2=treatment group 2. TG3=treatment group 3.

0 50403530252015105

FSH (U/L) in postpubertal girls taking no contraceptives

 FSH in male patients (U/L)

0

20

40

60

80

100

Pr
op

or
tio

n 
of

 p
at

ie
nt

s w
ith

 F
SH

 
co

nc
en

tr
at

io
n 

lo
w

er
 th

an
 re

sp
ec

tiv
e

FS
H

 v
al

ue

0
0

20

40

60

80

100

Pr
op

or
tio

n 
of

 p
at

ie
nt

s w
ith

 F
SH

 
co

nc
en

tr
at

io
n 

lo
w

er
 th

an
 re

sp
ec

tiv
e

FS
H

 v
al

ue

2004030 7050 90 110 140 1702010

COPP (n=105)
COPDAC (n=103)

COPP (n=55)
COPDAC (n=58)

B

A

Figure 4: FSH serum concentrations in male and female patients after COPP and COPDAC treatment
FSH serum concentrations were obtained at least 12 months after start of treatment from male (A) and female (B) 
patients randomly assigned to either COPP or COPDAC consolidation treatment. Data are depicted as an empirical 
cumulative-distribution function; the dotted vertical lines indicate cutoff values beyond which gonadal damage is 
suspected. COPP=cyclophosphamide, vincristine, prednisone, and procarbazine. COPDAC=cyclophosphamide, 
vincristine, prednisone, and dacarbazine. FSH=follicle-stimulating hormone.
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patients. At presentation, only one girl in treatment 
group 3 (with disease-stage 4B) had FSH concentrations 
higher than 25 IU/L. However, during follow-up (median 
29·4 months after start of treatment; IQR 21·1–45·3) 
FSH was significantly increased in 55 female individuals 
randomly assigned to COPP (median 8·1 U/L, 5·7–22·5) 
compared with 58 female individuals randomly assigned 
to COPDAC (median 5·5 U/L, 3·4–6·7; p<0·0001; 
figure 4B), 15 female patients had FSH concen­
trations higher than 25 U/L during follow-up (median 
18·1 months after start of treatment, IQR 15·5–34·8). All 
of these female patients had been exposed to four cycles 
of COPP, and only three of them had received 
radiotherapy to a field that included their ovaries.

More than 90% of all chemotherapy cycles (OEPA, 
COPP, and COPDAC) were administered with more 
than 90% of the prescribed drug doses (appendix p 15). 
The duration of the consolidation cycles were 28 days in 
more than 75% of cycles and treatment delay was not 
more than 1 week in more than 90% of cycles 
(appendix p 23). In seven patients (one in treatment 
group 2 and six in treatment group 3), study treatment 
could not be continued, and alternative drugs were used 
(appendix p 16). The majority of adverse events occurred 
as haematological toxicity (table 2). The most common 
grade 3–4 adverse events were decreased haemoglobin 
(205 [15%] of 1365 patients during OEPA vs 37 [7%] of 
528 treated with COPP vs 20 [2%] of 819 treated with 
COPDAC), decreased white blood cells (815 [60%] vs 
231 [44%] vs 84 [10%]), and decreased neutrophils 
(1160 [85%] vs 223 [42%] vs 174 [21%]). One patient died 
after treatment-related sepsis during OEPA, and there 
were a further 24 non-treatment related deaths. Other 

rare, severe adverse reactions of CTCAE grades 3 and 4 
are described in the appendix pp (17–22).

Discussion
EuroNet-PHL-C1 was a large multinational trial done in 
16 European countries. The participating national 
paediatric classical Hodgkin lymphoma consortia agreed 
on a comprehensive treatment strategy for all stages of 
the disease. Here we presented the results of patients 
younger than 18 years with intermediate-stage and 
advanced-stage classical Hodgkin lymphoma. We have 
shown that radiotherapy can safely be avoided in patients 
with intermediate-stage and advanced-stage disease who 
have an adequate response to OEPA induction without 
compromising 5-year event-free survival or overall 
survival when treated with either COPP or COPDAC 
consolidation. In a randomised, embedded, non-
inferiority study for patients with intermediate-stage and 
advanced-stage disease, we have shown that dacarbazine 
can replace procarbazine with reduced gonadal toxicity 
and similar event-free survival in patients who had 
radiotherapy. All cases of observed gonadal damage in 
both sexes were in those exposed to COPP, with none 
observed in those receiving COPDAC (ie, all boys with 
azoospermia after treatment and all girls with FSH 
concentrations >25 IU/L after treatment, consistent with 
premature ovarian insufficiency, were exposed to COPP).

Our first objective was to investigate whether radio­
therapy can be safely omitted in patients with adequate 
response to intensive OEPA induction chemotherapy. 
We implemented PET-guided omission of radiotherapy 
in adequate responders without randomising against 
standard radiotherapy, to gain sufficient power for the 

OEPA (n=1365) COPP (n=528) COPDAC (n=819)

Grade 1 Grade 2 Grade 3 Grade 4 Grade 1 Grade 2 Grade 3 Grade 4 Grade 1 Grade 2 Grade 3 Grade 4

Decreased haemoglobin 337 (25%) 639 (47%) 187 (14%) 18 (1%) 178 (34%) 162 (31%) 33 (6%) 4 (<1%) 296 (36%) 215 (26%) 18 (2%) 2 (<1%)

Decreased white blood cells 131 (10%) 332 (24%) 463 (34%) 352 (26%) 79 (15%) 166 (31%) 153 (29%) 78 (15%) 225 (27%) 259 (32%) 73 (9%) 11 (1%)

Decreased neutrophils 39 (3%) 76 (6%) 220 (17%) 940 (71%) 82 (16%) 133 (26%) 128 (25%) 95 (18%) 160 (20%) 198 (25%) 130 (16%) 44 (5%)

Decreased platelets 119 (9%) 63 (5%) 51 (4%) 8 (<1%) 58 (11%) 20 (4%) 12 (2%) 1 (<1%) 37 (4%) 18 (2%) 15 (2%) 0

Creatinine increase 67 (5%) 6 (<1%) 0 0 33 (6%) 0 1 (<1%) 0 59 (7%) 4 (<1%) 0 0

Bilirubin increase 59 (4%) 23 (2%) 2 (<1%) 0 36 (7%) 2 (<1%) 0 0 39 (5%) 5 (<1%) 0 0

Liver enzymes increase 577 (43%) 235 (18%) 77 (6%) 6 (<1%) 245 (47%) 74 (14%) 21 (4%) 0 369 (47%) 101 (13%) 23 (3%) 0

Fever 270 (20%) 88 (7%) 12 (<1%) 5 (<1%) 75 (14%) 25 (5%) 3 (<1%) 0 88 (11%) 31 (4%) 2 (<1%) 0

Infection 207 (15%) 191 (14%) 77 (6%) 9 (<1%) 76 (14%) 61 (12%) 21 (4%) 1 (<1%) 134 (16%) 51 (6%) 19 (2%) 1 (<1%)

Stomatitis and pharyngitis 308 (23%) 188 (14%) 42 (3%) 4 (<1%) 79 (15%) 19 (4%) 1 (<1%) 2 (<1%) 104 (13%) 20 (2%) 0 0

Vomiting 258 (19%) 218 (16%) 15 (1%) 4 (<1%) 65 (12%) 44 (8%) 6 (1%) 0 89 (11%) 45 (5%) 1 (<1%) 0

Diarrhoea 172 (13%) 83 (6%) 14 (1%) 11 (<1%) 29 (5%) 7 (1%) 3 (<1%) 1 (<1%) 47 (6%) 21 (3%) 1 (<1%) 0

Constipation 287 (21%) 156 (11%) 30 (2%) 2 (<1%) 72 (14%) 30 (6%) 5 (<1%) 0 108 (13%) 35 (4%) 0 1 (<1%)

Neuropathy (sensory) 244 (18%) 69 (5%) 25 (2%) 1 (<1%) 100 (19%) 37 (7%) 15 (3%) 2 (<1%) 121 (15%) 49 (6%) 24 (3%) 0

Neuropathy (motor 
activity)

152 (11%) 63 (5%) 28 (2%) 1 (<1%) 55 (10%) 36 (7%) 21 (4%) 3 (<1%) 85 (10%) 45 (5%) 27 (3%) 2 (<1%)

One patient in treatment group 2 died of sepsis after the first course of OEPA. OEPA=vincristine, etoposide, prednisone, and doxorubicin. COPP=cyclophosphamide, vincristine, prednisone, and procarbazine. 
COPDAC=cyclophosphamide, vincristine, prednisone, and dacarbazine. ITT=intention to treat.

Table 2: Adverse events during OEPA, COPP, and COPDAC cycles in the ITT patient cohort
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titration questions. This concept is fully in line with the 
treatment-titration strategy of our consortium, in which 
reduction of serious adverse events is traded off with 
minor reductions in treatment efficacy.22,11 In previous 
studies, we observed an event-free survival at 5 years of 
around 90% with OEPA–COPP and radiotherapy in all 
patients. Therefore, for our titration design, we used a 
target rate of 90% event-free survival at 5 years with less 
treatment burden in patients who were adequately 
responding.

With the treatment-titration design, we have shown 
that radiotherapy can be avoided in about 40% of patients 
while keeping event-free survival at 5 years consistent 
with a target rate of 90%. Adult classical Hodgkin 
lymphoma studies have similarly used PET-guided 
treatment adaptation successfully for omitting radio­
therapy23,24 or reducing chemotherapy burden25 in patients 
who responded adequately, defined as a PET response 
lower than a Deauville 3 score.

Without randomisation, we cannot exclude a minor 
loss in efficacy when radiotherapy is omitted. However, 
event-free survival remains in the range of 90% while 
avoiding large-field radiotherapy with its associated 
potential long-term sequelae.

Without randomisation, the prognostic value of 
FDG-PET cannot be established. However, event-free 
survival curves of patients with and without radiotherapy 
are nearly superimposable, indicating that the prognostic 
value of interim FDG-PET is low. Adequate response was 
defined cautiously, requiring a Deauville score lower 
than 3 when the study was designed in 2005. Today, a 
Deauville score lower than 4 would be considered to 
indicate complete metabolic remission.26

The second objective was to eliminate procarbazine 
from consolidation chemotherapy, to reconfirm previous 
trial results of the consortium.2,11,27 Procarbazine has been 
used extensively in the treatment of classical Hodgkin 
lymphoma for induction and consolidation with great 
efficacy,1,3,23 but has been repeatedly shown to impair 
spermatogenesis and to cause premature ovarian insuffi­
ciency.12,13,15 At the time EuroNet-PHL-C1 was designed, 
COPDAC had shown promising early results in the 
preceding gender-stratified study GPOH-HD-2002.11 
However, in that trial, all patients with intermediate-
stage and advanced-stage disease received radiotherapy. 
Here, we investigated in an embedded randomised trial 
whether COPDAC is not inferior compared with COPP. 
The results show that non-inferiority is marginal in 
the per-protocol set, with a predefined tolerance limit 
(–8% in event-free survival at 5 years) just on the lower 
boundary of the two-sided 95% CI for the treatment 
difference in the per-protocol population. The point 
estimate for the difference in event-free survival at 5 years 
is –3·7% for COPDAC compared with COPP. This result 
was surprising because of the excellent results of 
COPDAC in the GPOH-HD-2002 trial,11 in which all 
patients received radiotherapy. Therefore, we did an 

unplanned subgroup analysis for patients with and 
without radiotherapy. The event-free survival curves of 
COPP and COPDAC in patients who had radiotherapy 
are superimposable. However, in the subgroup of 
patients who did not undergo radiotherapy, COPDAC 
appears inferior to COPP with a point estimate for the 
difference in event-free survival at 5 years of –9%. This 
finding might indicate that COPDAC is less effective 
than COPP in patients who have not had radiotherapy. 
However, subgroup analyses are typically underpowered, 
and their results are prone to chance fluctuation.

The results of all patients randomly assigned to 
treatment showed a difference of –3·7% for COPDAC 
when compared with COPP. This result is in line with 
those of the titration trial that includes 428 patients who 
were not randomly assigned to treatment.

The clinically important question of whether COPDAC 
without radiotherapy can replace COPP without radio­
therapy in patients who respond adequately was already 
answered by the titration study.

The Paediatric Oncology Group5 and Childrens’ 
Oncology Group trials6 have also previously shown 
excellent outcomes in patients at intermediate and high 
risk without the use of procarbazine. A study in patients 
at intermediate risk6 and one in patients at high risk28 
showed that a procarbazine-free regimen can be used to 
achieve similar outcomes with or without reduced need 
for radiotherapy on the basis of early response to therapy. 
In adult consortia, either less toxic but less effective 
adriamycin, bleomycine, vincristine, and dacarbazine 
(ABVD) or more toxic but more effective bleomycine, 
etoposide, adriamycine, cyclophosphamide, vincristine, 
procarbazine, and prednisone (BEACOPP) has been 
used.29 The results of the present study and other 
paediatric-focused regimens could therefore bridge 
the gap between ABVD and the intensive-escalated 
BEACOPP regimens. These paediatric regimens should 
be explored in other age groups.

Our study provides strong evidence for the benefit of 
removing procarbazine on reproductive function. 
Procarbazine had a clear detrimental effect on FSH, both 
in male and female patients, and all cases of observed 
gonadal damage in both sexes were in those exposed to 
COPP, with none in those receiving COPDAC. Although 
the fertility data presented here are limited, fertility data 
after treatment of young people with cancer and classical 
Hodgkin lymphoma in particular are notoriously sparse 
and incomplete. Young men who have been treated for 
cancer are generally reluctant to produce semen for 
analysis. The reasons for this reluctance include that 
oncologists do not often discuss fertility with their 
patients but concentrate on disease control. Discussion 
can be embarrassing and difficult to bring up and there 
is often a reluctance to go to a fertility centre and 
masturbate to produce a specimen. Many young people 
take a long time to come to terms with their fertility 
prognosis after cancer treatment and providing semen, 
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usually within a hospital environment, can be quite 
threatening. The hormonal data presented, including 
inhibin B concentrations in men, indicate robust power 
to support a clear interpretation in both male and female 
individuals.

A secondary objective was to investigate whether event-
free survival at 5 years is consistent with a target rate of 
90% in patients with inadequate response to OEPA who 
received radiotherapy. The effects of advanced disease 
stage, inadequate response to induction chemotherapy, 
and treatment with slightly less efficacious, but non-
gonadotoxic COPDAC consolidation chemotherapy on 
event-free survival are small and appear to be additive.

OEPA induction followed by COPDAC consolidation 
chemotherapy, with radiotherapy only for patients with a 
Deauville score higher than 3, has been taken forward as 
the standard treatment in the subsequent EuroNet-
PHL-C2 trial.30 The aim of the research is to clarify 
whether intensified COPDAC without radiotherapy 
can achieve improved event-free survival rates higher 
than 90%. In EuroNet-PHL-C2, the comparator to 
COPDAC is a procarbazine-free intensified consolidation 
chemotherapy, which might be both more efficacious 
and non-gonadotoxic. We have shown that radiotherapy 
can safely be avoided in patients with intermediate-stage 
and advanced-stage disease who have an adequate 
response to intensified OEPA induction without com­
promising event-free or overall survival when treated 
with either COPP or COPDAC consolidation. Further­
more, in a randomised embedded non-inferiority study 
for patients with intermediate-stage and advanced-stage 
disease, we have shown that dacarbazine can replace 
procarbazine with reduced gonadal toxicity and 
comparable event-free survival.
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