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Summary
Background Children and adolescents with early-stage classical Hodgkin lymphoma have a 5-year event-free survival 
of 90% or more with vincristine, etoposide, prednisone, and doxorubicin (OEPA) plus radiotherapy, but late 
complications of treatment affect survival and quality of life. We investigated whether radiotherapy can be omitted in 
patients with adequate morphological and metabolic responses to OEPA.

Methods The EuroNet-PHL-C1 trial was designed as a titration study and recruited patients at 186 hospital sites across 
16 European countries. Children and adolescents with newly diagnosed stage IA, IB, and IIA classical Hodgkin lymphoma 
younger than 18 years of age were assigned to treatment group 1 to be treated with two cycles of OEPA (vincristine 
1·5 mg/m² intravenously, capped at 2 mg, on days 1, 8, and 15; etoposide 125 mg/m² intravenously, on days 1–5; prednisone 
60 mg/m² orally on days 1–15; and doxorubicin 40 mg/m² intravenously on days 1 and 15). If no adequate response 
(a partial morphological remission or greater and PET negativity) had been achieved after two cycles of OEPA, involved-
field radiotherapy was administered at a total dose of 19·8 Gy (usually in 11 fractions of 1·8 Gy per day). The primary 
endpoint was event-free survival. The primary objective was maintaining a 5-year event-free survival rate of 90% in patients 
with an adequate response to OEPA without radiotherapy. We performed intention-to-treat and per-protocol analyses. The 
trial was registered at ClinicalTrials.gov (NCT00433459) and with EUDRACT, (2006–000995-33) and is completed.

Findings Between Jan 31, 2007, and Jan 30, 2013, 2131 patients were registered and 2102 patients were enrolled onto 
EuroNet-PHL-C1. Of these 2102 patients, 738 with early-stage disease were allocated to treatment group 1. Median 
follow-up was 63·3 months (IQR 60·1–69·8). We report on 714 patients assigned to and treated on treatment 
group 1; the intention-to-treat population comprised 713 patients with 323 (45%) male and 390 (55%) female patients. 
In 440 of 713 patients in the intention-to-treat group who had an adequate response and did not receive radiotherapy, 
5-year event-free survival was 86·5% (95% CI 83·3–89·8), which was less than the 90% target rate. In 273 patients 
with an inadequate response who received radiotherapy, 5-year event-free survival was 88·6% (95% CI 84·8–92·5), 
for which the 95% CI included the 90% target rate. The most common grade 3–4 adverse events were neutropenia 
(in 597 [88%] of 680 patients) and leukopenia (437 [61%] of 712). There were no treatment-related deaths.

Interpretation On the basis of all the evidence, radiotherapy could be omitted in patients with early-stage 
classical Hodgkin lymphoma and an adequate response to OEPA, but patients with risk factors might need more 
intensive treatment.
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Programme Hospitalier de Recherche Clinique, and Cancer Research UK.
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Introduction
Classical Hodgkin lymphoma is one of the most 
curable paediatric and adult cancers, with survival rates 
exceeding 90%.1–6 However, individuals who survive are 

at a high risk of secondary cancers and cardiovascular 
disease after chemoradiotherapy.7–9

The current challenge is to tailor therapy to avoid 
overtreatment or undertreatment. Patient subgroups, 
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which differ in their responses to treatment, should 
have the same high cure rate with the least amount of 
treatment possible. Building on a series of treatment 
optimisation trials1,2,10 done since 1978, the European 
Network for Paediatric Hodgkin Lymphoma (EuroNet-
PHL) has adopted a common comprehensive treat
ment strategy on the basis of a combined-modality 
scheme for children and adolescents with early-stage 
Hodgkin lymphoma.

All patients in these former series received two intensive 
induction cycles with vincristine, etoposide, prednisone, 
and doxorubicin (OEPA), after which patients with 
early-stage Hodgkin lymphoma received involved-field 
radiotherapy to all initially involved tumour sites; the 
5-year event-free survival was 90%.10 Treatment reduction, 
in the form of radiotherapy omission, might be justified, 
even if it leads to a minor decrease in efficacy, as long as 
the outcome is consistent with the target outcome rate 
and treatment toxicity is reduced appreciably. Therefore, 
the primary objective of this titration study (EuroNet-
PHL-C1) for patients with early-stage Hodgkin lymphoma 
was to analyse whether in patients with an adequate PET 
and morphological response after two cycles of OEPA, 
radiotherapy could be safely omitted and the 90% 5-year 
event-free survival still be maintained. An important 
secondary objective for the patients was to investigate 

whether those with an 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.

Methods
Study design and participants
This trial was designed as a titration study11 and recruited 
at 186 hospital sites across 16 European countries 
(Czech Republic, England, France, Germany, Austria, 
Ireland, Slovakia, Sweden, Norway, Poland, Belgium, 
Switzerland, Denmark, Spain, Slovenia, and The 
Netherlands (appendix pp 2, 5–9). This study recruited 
patients to three treatment groups on the basis of disease 
stage and the presence or absence of B symptoms, 
defined as weight loss, fever, or night sweats, or a 
combination. Patients with Ann Arbor disease stages IA 
or IB and IIA were assigned to treatment group 1 and 
were included in this analysis.

Previously untreated patients younger than 18 years 
with classical Hodgkin lymphoma were included and 
stratified according to risk using Ann Arbor disease 
stages IA or IB and IIA, as assessed by local investigators 
(France) or by central review (all other countries). 
Reference pathology was mandatory and required 
a centralised review of all local histopathology specimens 

Research in context

Evidence before this study
Children and adolescents who survive classical Hodgkin 
lymphoma bear a high risk for secondary cancers and 
cardiovascular disease later in life after successful 
chemoradiotherapy combination treatment. The challenge is 
to sustain high cure rates while reducing long-term 
side-effects by reducing radiotherapy and chemotherapy 
exposure. We searched MEDLINE between Jan 1, 2005, and 
March 31, 2022, in the English language using the terms 
“Hodgkin lymphoma”, “low risk disease”, “radiotherapy-
induced late effects”, “interim PET”, and “chemotherapy”. 
PET after one to three cycles of chemotherapy is used for 
response-adapted therapy in patients with early-stage classical 
Hodgkin lymphoma. Chemotherapy treatment usually 
contains anthracyclines, such as doxorubicin, either in 
combination with bleomycine, vincristine, and dacarbazine; 
vincristine, prednisone, and cyclophosphamide; or vincristine, 
etoposide, and prednisone (OEPA).

Added value of this study
In our large, multinational trial (EuroNet-PHL-C1) in patients 
younger than 18 years with early-stage classical Hodgkin 
lymphoma, we have shown that radiotherapy could safely be 
avoided in a large number of patients with early-stage disease 
who have an adequate PET response to an intensified 
induction with two cycles of OEPA chemotherapy. The low 
proportion of patients with an inadequate response who 
received involved-field radiotherapy also had excellent 

event-free-survival. In a subgroup of patients with early-stage 
bulky disease or an elevated erythrocyte sedimentation rate, 
considered to be risk factors within this regimen, stratification 
to an intermediate treatment group might be more 
appropriate for achieving higher event-free survival and 
progression-free survival.

Implications of all the available evidence
The omission of radiotherapy in patients with an adequate 
response is likely to reduce the late-effects of treatment, such as 
second malignancies, and has become the current treatment 
approach for young patients with classical Hodgkin lymphoma 
in the EuroNet-PHL consortium. The reduction of radiotherapy 
in a large proportion of patients according to their adequate 
metabolic response after two intensive induction chemotherapy 
cycles removes a substantial part of their treatment burden. 
For patients with early-stage disease with risk factors, or else 
with early unfavourable disease stage, treatment de-escalation 
might not be adequate with regards to progression-free survival 
outcomes. Similar to other consortia, risk-adapted treatment in 
the intermediate-stage treatment group might be considered. 
The hope is that, with this approach, radiotherapy-induced 
secondary cancers in children who survive early-stage Hodgkin 
lymphoma can be avoided. The results of this trial might change 
the current treatment frameworks for early-stage classical 
Hodgkin lymphoma in children and adolescents throughout the 
EuroNet-PHL consortium and in other international paediatric 
Hodgkin lymphoma study groups.
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in trial patients by a second expert. Exclusion criteria 
included the following: any pre-treatment of Hodgkin 
lymphoma, except for steroid pre-phase therapy, 
for example for a bulky mediastinal tumour; known 
hypersensitivity or contraindication to the study drugs; 
the diagnosis of nodular lymphocyte-predominant 
Hodgkin lymphoma; previous chemotherapy or radio
therapy; other or 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 participation in another investi
gational trial; severe concomitant diseases, such as 
immune deficiency syndromes; and known HIV 
positivity. All patients or their guardians provided written 
informed consent. Local and central ethical boards in 
each country approved the study, and the study was 
performed in accordance with good clinical practice 
and the Declaration of Helsinki.

Procedures
The initial disease staging comprised a clinical assess
ment, cross-sectional diagnostic imaging, and [¹⁸F]fluoro
deoxyglucose ([¹⁸F]FDG)-PET scanning. 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, and a chest CT was 
mandatory. Patients were assigned to treatment groups 
according to the reference staging, defined by the real-time 
central review board or by local staging. All patients 
received two cycles of OEPA (1·5 mg/m² vincristine 
intravenously, capped at 2 mg, on days 1, 8, and 15 of a 28-day 
cycle; 125 mg/m² etoposide intravenously, on days 1–5; 
60 mg/m² prednisone orally, on days 1–15; and 40 mg/m² 
doxorubicin intravenously, on days 1 and 15). The 
subsequent chemotherapy cycle started on day 29 of 
each cycle when the following criteria were fulfilled: 
a satisfactory general condition, a white blood cell count of 
more than 2000 cells per mm³, an absolute neutrophil 
count of more than 500 cells per mm³, platelets more than 
80 000 per mm³, and no contraindication to any of the 
prescribed drugs.

If patients had an expected treatment delay of more than 
1 week, for example due to febrile neutropenia, the protocol 
recommended contacting the regional study chairperson, 
since the treatment delay might affect efficacy. Before the 
start of each chemotherapy cycle, differential blood count 
and alanine aminotransferase, aspartate aminotransferase, 
gamma glutamyl transferase, bilirubin, and creatinine 
were assessed. Additionally, blood counts were measured 
at least twice during each cycle to capture the highest 
haematotoxic effects of chemotherapy. The patient’s 
general condition, assessed with the Lansky or Karnofsky 

performance scores, was documented before therapy and 
regularly during therapy. Chemotherapy-related toxicity 
was categorised according to Common Terminology 
Criteria for Adverse Events (CTCAE; version 2.0).12 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 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, investigator request, a severe protocol 
violation, non-compliance of the patient, and adminis
trative problems. In addition, the trial therapy could be 
terminated by request of the patient, in the case of 
withdrawal of consent, or in the 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 administer radiotherapy was established 
after the early response assessment results were obtained. 
Early response assessment was performed after the 
completion of chemotherapy on day 29–31 of the second 
cycle of OEPA. All early response assessment PET, CT, 
and MRI scans of all patients in all participating countries 
were immediately sent to the central review board (in 
Halle, Germany) for a real-time review, except for France, 
which had their own regional assessment for decisions 
on the further stratification of their patients. The early 
response assessment was based on morphological 
tumour volume response and PET response.10,11 Partial 
remission corresponded to an at least 50% tumour 
volume reduction in any involved nodal site. For the 
evaluation of the PET response, the International 
Harmonization Project Criteria were used, which defined 
the standard at the time the study was done.13 The PET 
was interpreted as negative if the highest remaining FDG 
uptake did not exceed either the uptake in the mediastinal 
blood pool (for minimal residual volumes that were ≥2 cm 
at the largest diameter) or the uptake of the surrounding 
background (for minimal residual volumes that were 
<2 cm at the largest diameter).

An adequate response at the early response assessment 
was defined as a partial morphological 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 total dose 
of 19·8 Gy (usually in 11 fractions of 1·8 Gy per day) to all 
initially involved tumour sites. Residual masses of more 
than 100 mL at the early response assessment and sites 
that responded slowly to treatment (<75% volume 
reduction at the early response assessment in lesions 
with a minimal residual volume of >5 mL) received an 
additional boost of 10·8 Gy (divided into six fractions 
of 1·8 Gy per day). Further details on radiotherapy 
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techniques are outlined in detail in the radiotherapy 
manual (appendix pp 25–63).

Outcomes
The primary endpoint was event-free survival, defined as 
the time from the start of treatment until whichever of 
the following events occurred first: death from any cause, 
progression or relapse of classical Hodgkin lymphoma, 
or occurrence of a secondary malignancy. Secondary 
endpoints in all patients were overall survival, defined as 
the time from the start of treatment to death from any 
cause; and progression-free survival, defined as the time 
from the start of treatment to the first of the following 
events: death from any cause, progression of classical 
Hodgkin lymphoma, or relapse of classical Hodgkin 
lymphoma. The additional secondary endpoint of gonado
toxicity or fertility assessment in patients in treatment 
group 2 and treatment group 3 (patients with intermediate 
and advanced-stage disease) has been reported in our 
previous publication of the EuroNet-PHL-C1 trial.11

Statistical analysis
The trial aimed to include all available patients within 
an enrolment period of 6 years to maximise power in 
the relevant subgroups (treatment group 1 with an 
adequate response and inadequate response), with at 
least 684 patients expected for treatment group 1. With 
the expected number of patients, we made sure that 
half the width of the 95% CIs in the two groups would 
be less than 5%. We estimated a 5-year event-free 
survival in the two subgroups with a two-sided 95% CI, 
which corresponded to a power of 80% to detect a 
difference of 6%. Subgroup outcome was considered to 
be consistent with the target rate if the CI included or 
was more than 90%. The main results of the trial 
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 an 
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. Only events that occurred within a follow-up 
period of 72 months were considered.

We performed an intention-to-treat analysis, which 
was prespecified in the protocol, and a post-hoc per-
protocol analysis. The per-protocol analysis set excluded 
patients who had disease progression or died or withdrew 
before the response assessment with [¹⁸F]FDG-PET, 
as well as patients who received no radiotherapy despite 
an inadequate response at the early response assessment, 
and patients who received radiotherapy but had an 
adequate response at the early response assessment. 
In addition, patients were excluded if they had been 
treated according to treatment group 1 but had been 
confirmed by the central review board as having inter
mediate or advanced stage lymphoma. Toxicity profiles of 

the OEPA regimen are described for all patients in the 
intention-to-treat analysis. Analyses were performed 
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). The results of 
all subgroups defined by early response assessment 
results (adequate response or inadequate response) or the 
presence or absence of prognostic factors were analysed, 
with the primary focus on patients with an adequate 
response in whom standard radiotherapy was omitted.

In most adult and paediatric trials on early-
stage classical Hodgkin lymphoma, early favourable and 
early unfavourable stages of Hodgkin lymphoma are 
distinguished, since the unfavourable subgroup is 
usually assigned to receive more intensive treatment.4,14 
We therefore performed an unplanned subgroup analysis 
to establish whether patients with early unfavourable 
stage classical Hodgkin lymphoma would still meet 
the 90% 5-year event-free survival target when treated 
similarly to patients with early favourable stage 
lymphoma. We distinguished patients with the risk 
factors of bulky disease or an increased erythrocyte 
sedimentation rate, or both, from those without risk 
factors or those with undetermined risk factor status 
(mainly due to undocumented erythrocyte sedimentation 
rate values or missing bulky disease measurement). We 
defined bulky disease as a contiguous tumour volume of 
200 mL or more. The purpose of this definition was to 
identify patients in treatment group 1 with large nodal 
masses. A volume of 200 mL approximately corresponds 
to the median maximum contiguous volume in patients 
with advanced stages (data not shown). We did not 
use the two-dimensional definition of mediastinal bulk 
of more than 33% of the thoracic aperture on x-ray, 
because more advanced methods for three-dimensional 
volumetry were part of the study procedures. In addition, 
Hodgkin lymphoma study groups of adults use a 
threshold of erythrocyte sedimentation rate of more than 
50 mm in the first hour in patients without B symptoms 
and an erythrocyte sedimentation rate of more than 
30 mm in the first hour in those with B symptoms as a 
risk factor. We decided an erythrocyte sedimentation rate 
of 30 mm or more in the first hour, independent of the 
presence of B symptoms, was a risk factor in patients in 
treatment group 1, since erythrocyte sedimentation rate 
is potentially lower in younger patients.15,16 The outcome 
within these subgroups was considered to be consistent 
with the target rate, if the 95% CI included or was higher 
than 90%. The main results of the titration trial, including 
the subgroup analyses with and without risk factors or 
with undetermined risk factor status, were compiled in a 
forest plot for event-free survival. Thyroid disorders and 
cardiovascular disorders as particular late toxicities of 
treatment were documented during follow-up visits. We 
reported the numbers of patients with documented late 
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toxicities before relapse as descriptive endpoints both 
in patients with an adequate response and without radio
therapy, and with an inadequate response; no statistical 
tests were done, and this was done post-hoc. This trial 
was registered at ClinicalTrials.gov, NCT00433459 and 
with EUDRACT, 2006–000995-33. Details of the Data 
Monitoring Committee are described in the study 
protocol (appendix pp 84–85).

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, and Jan 30, 2013, 2131 patients were 
registered and 2102 patients were enrolled onto EuroNet-
PHL-C1 (appendix p 4). Of these 2102 patients, 738 had 
early-stage disease and were allocated to treatment 
group 1 (figure 1), including one patient who was assigned 
to treatment group 2 at the investigator’s discretion, but 
was downstaged to treatment group 1 by central review 
and was treated in treatment group 1 and included in the 
treatment group 1 per-protocol analysis. This patient has 
been included previously in the intention-to-treat analysis 
of patients in treatment group 2 and treatment group 3.11 

All patients (n=713)

Age, years

≥13 years 477 (67%)

<13 years 236 (33%)

Median 14·6 (12·0–16·0)

Sex

Male 323 (45%)

Female 390 (55%)

Combined stage

IA 40 (6%)

IB 5 (1%)

IIA 665 (93%)

IIAE 1 (<1%)

IIB 1 (<1%)

IIIA 1 (<1%)

Bulky disease*

No 571 (80%)

Yes 110 (15%)

Undetermined 32 (4%)

Erythrocyte sedimentation rate in the first hour

<30 mm 302 (42%)

≥30 mm 185 (26%)

Undetermined 226 (32%)

Risk factors present† 

Yes 252 (35%)

No 272 (38%)

Undetermined 189 (27%)

Response group at early response assessment

Adequate response 440 (62%)

Inadequate response 273 (38%)

Early response assessment and risk factors†

Adequate response and risk factors present 132 (19%)

Inadequate response and risk factors present 120 (17%)

Adequate response and no risk factors present 183 (26%)

Inadequate response and no risk factors present 89 (12%)

Adequate response undetermined 125 (18%)

Inadequate response undetermined 64 (9%)

Data shown as n (%) or median (IQR).* Bulky disease defined as a contiguous 
tumour volume of 200 mL or more. †Risk factors were elevated erythrocyte 
sedimentation rate or bulky disease or both.

Table 1: Demographic data of intention-to-treat patients in treatment 
group 1

Figure 1: Consort flowchart
*One patient included in the treatment group 1 per-protocol analysis was randomly assigned to treatment group 2 
on the investigator’s discretion, but downstaged to treatment group 1 by the central review.

29 patients not enrolled

2131 patients registered

2102 enrolled

738* with early-stage disease 

714 included in treatment group 1

713 in intention-to-treat analysis

1364* with intermediate-stage and advanced-stage disease 
(assigned to treatment groups 2 and 3)

24 with risk factors assigned to treatment group 2 (after 
amendment)

1 lost to follow-up after two cycles of OEPA and no early
response assessment

440 with adequate response 273 with inadequate response

6 with an inadequate response 
had no radiotherapy

3 upstaged (IIAE, IIB, and IIIA) 
according to a central review

2 had radiotherapy despite an 
adequate response

702 in per-protocol analysis

435 with adequate response and no
radiotherapy

267 with inadequate response and
radiotherapy
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After a major protocol amendment (sixth amendment, 
Nov 12, 2012) considering an elevated erythrocyte 
sedimentation rate of 30 mm or more in the first hour 
or a bulky mass of 200 mL or more as risk factors, 
24 consecutive patients were considered early stage with 
an unfavourable risk (intermediate risk), and were 
assigned to treatment in treatment group 2. Of the 
714 remaining patients assigned to treatment group 1, 
713 were included in the intention-to-treat analysis 
and 702 were included in the per-protocol analysis 
(figure 1). The demographics of the patients in the 
intention-to-treat analysis are described in table 1. We did 
not collect data on race or ethnicity

At the early response assessment, 440 (62%) of 
713 patients in the intention-to-treat analysis had an 
adequate response and received no radiotherapy. 273 (38%) 
of 713 patients in the intention-to-treat analysis with an 
inadequate response at the early response assessment 
received involved-field radiotherapy.

Among 440 patients with an adequate response, 
only 50 (11%) had a partial morphological response. Of 
these 50, five (10%) patients had a relapse, compared with 
50 (13%) of 389 patients who had a relapse with a complete 
morphological response. The follow-up was 5 years for 
80% of all patients. Median follow-up was 63·3 months 
(IQR 60·1–69·8) months. Within 72 months after the start 
of the trial, there were 91 events in the intention-to-treat 
analysis set, with recurrent classical Hodgkin lymphoma 
as the first event in 84 patients. In six patients, secondary 
malignancies as first events occurred between 5·4 and 
70·1 months after the start of treatment with the following 
diagnoses: one thyroid carcinoma, one osteosarcoma, one 
chondroblastoma, two acute myeloid leukaemias, and one 
chronic myeloid leukaemia (appendix p 10). Six patients in 
the intention-to-treat cohort died, two after recurrent 
disease, one after a secondary malignancy, two from toxic 
death during salvage treatment, and one patient died by 
suicide 51·5 months after the start of treatment (appendix 
p 10). 1306 (92%) of 1426 of all OEPA chemotherapy cycles 
were administered with at least 90% of all the prescribed 
drug doses (appendix p 11). The treatment delay between 
the first and second OEPA cycle was not longer than 
1 week in more than 90% of all chemotherapy cycles 
(appendix p 11). In all patients, the study chemotherapy 
was administered as prescribed by the protocol.

5-year event-free survival in patients with an adequate 
response in the intention-to-treat population was 
86·5% (95% CI 83·3–89·8; 59 events in 440 patients; 
figure 2), which was less than the 90% target rate. 
5-year event-free survival in the per-protocol analysis of 
patients with an adequate response was 87·1% (95% CI 
83·9–90·3; 56 events in 435 patients; appendix p 20), 
which met the 90% target rate. 5-year progression-free 
survival and overall survival of patients with an 
adequate response in the intention-to-treat population 
was similar to those in the per-protocol population 
(appendix pp 19, 21).

5-year event-free survival in patients with an inadequate 
response (n=273) was 88·6% (95% CI 84·8–92·5; 
32 events in 273 patients), and the 95% CI included the 
90% target rate (figure 2). Similar 5-year event-free 
survival was shown in the per-protocol analysis (appendix 
p 20). 5-year progression-free survival and overall survival 
were similar in the per-protocol and intention-to-treat 

Grade 1–2 Grade 3 Grade 4

Decreased haemoglobin 476 (67%) 54 (8%) 9 (1%)

Decreased white blood 
cells

238 (33%) 275 (39%) 162 (23%)

Decreased neutrophils 56 (8%) 90 (13%) 507/680 (75%)

Decreased platelets 95 (13%) 22 (3%) 1 (<1%)

Creatinine increase 38 (5%) 0 0

Bilirubin increase 48 (7%) 1 (<1%) 0

Liver enzymes increase 380/690 (55%) 31/690 
(4%)

0

Fever 206 (29%) 3 (<1%) 0

Infection 224/690 (32%) 40 (6%) 2 (<1%)

Stomatitis or pharyngitis 248 (35%) 25 (4%) 1 (<1%)

Vomiting 260/690 (38%) 12 (2%) 2 (<1%)

Diarrhoea 97 (14%) 12 (2%) 3 (<1%)

Constipation 240 (34%) 15 (2%) 2 (<1%)

Neuropathy (sensory) 156 (22%) 12 (2%) 0

Neuropathy (motor 
activity)

101 (14%) 12 (2%) 0

Data shown as n (%). The major toxicities or selected adverse events of 
713 patients in treatment group 1 receiving vincristine, etoposide, prednisone, 
and doxorubicin cycles for induction treatment are listed here. For adverse events 
of grade 1–2, any occurring in 10% or more of patients are shown. All grade 3 
and 4 events are shown. Using the Common Terminology Criteria for Adverse 
Events version 2.0, grade 0–4 toxicities were documented; grade 5 toxicities were 
not specified. No grade 5 toxicities (ie, treatment-related deaths) occurred. 

Table 2: Adverse events during treatment with vincristine, etoposide, 
prednisone, and doxorubicin in the intention-to-treat population 
(n=713)

Figure 2: 5-year event-free survival of patients in the intention-to-treat group with an adequate or 
inadequate response
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analyses of these patients as well, and were all consistent 
with the 90% target rate (appendix pp 19, 21).

No patients discontinued treatment for drug-related 
toxicity. Most adverse events occurred as haematological 
toxicity (table 2), with the most common CTCAE event of 
grade 3 or worse being neutropenia (597 [88%] of 680) 
and leukopenia (437 [61%] of 712). All adverse reactions of 
CTCAE grades 1–4 are listed in the appendix (pp 12–18). 
For late toxicities, as prespecified in the protocol, thyroid 
gland disorders were reported in 14 (3%) of 440 patients 
with an adequate response (of whom 173 had their thyroid 
assessment documented) and 54 (20%) of 273 patients 
with an inadequate response (of whom 230 had their 
thyroid assessment documented). In 46 (68%) of the 
68 patients with reported thyroid disorders, subclinical 
hypothyroidism was diagnosed. Cardiovascular disorders 
were reported in eight (2%) of 439 patients with an 
adequate response and eight (3%) of 271 patients with 
an inadequate response. Among the 24 patients who had 
early-stage disease assigned to treatment group 2 after 
the protocol amendment, only one patient relapsed (data 
not shown).

In an unplanned subgroup analysis of the intention-
to-treat and per-protocol populations, we compared 
5-year event-free survival in patients with risk factors 
(bulky disease or increased erythrocyte sedimentation 
rates, or both) versus those without risk factors or those 
with an undetermined risk factor status (figure 3; 
appendix p 24). The rate of mediastinal involvement 
was 74% (526/713) in all patients and did not seem to 
differ between patients with an adequate response and 
those with an inadequate response (appendix p 24). 
However, the rate of bulky disease and mediastinal 
involvement was lower in patients with an adequate 
response than in patients with an inadequate response 
(appendix p 24).

Discussion
EuroNet-PHL-C1 was a large, multinational trial 
performed in 16 European countries. The participating 
national paediatric consortia on classical Hodgkin 
lymphoma agreed on a comprehensive treatment strategy 
for all stages of the disease. Here, we present the results 
of patients younger than 18 years with early-stage classical 
Hodgkin lymphoma. On the basis of all the evidence, 
radiotherapy could be safely be avoided in patients with 
early-stage disease who have an adequate response to 
OEPA induction treatment without compromising 5-year 
event-free survival or overall survival. In addition, we 
have shown that in patients with early-stage disease with 
an increased erythrocyte sedimentation rate or bulky 
disease, or both, 5-year event-free survival was less than 
the 90% target rate both in patients with an adequate 
response as well as in patients with an inadequate 
response with consolidating radiotherapy after OEPA 
induction treatment.

Our first objective was to investigate whether radio
therapy can be safely omitted in patients with an adequate 
response to intensive OEPA induction chemotherapy. We 
implemented the PET-guided omission of radiotherapy 
in adequate responders without randomly assigning 
patients to standard radiotherapy, to gain sufficient power 
for the titration question. This concept is fully in line with 
the treatment titration strategy of our consortium, in 
which the reduction of serious treatment-related events is 
traded off with minor reductions in treatment efficacy.11 
In previous studies of the German-Austrian Leukemia 
and Lymphoma Working Group and German Pediatric 
Oncology and Hematology Society-Hodgkin Disease 
Study Group consortium, we observed a 5-year event-free 
survival of more than 90% with OEPA and radiotherapy 
in all patients with early-stage disease. Therefore, in the 
titration design we used a target rate of 90% event-free 

All (91/714)

Adequate response (59/440)

Inadequate response (32/273)

With risk factors (47/252)

Without risk factors (27/272)

Undetermined risk factors (17/190)

Adequate response with risk factors (28/132)

Adequate response without risk factors (21/183)

Adequate response with undetermined risk factors (10/125)

Inadequate response with risk factors (19/120)

Inadequate response without risk factors (6/89)

Inadequate response with undetermined risk factors (7/64)

87·3 (84·8–89·8)

86·5 (83·3–89·8)

88·6 (84·8–92·5)

81·2 (76·4–86·2)

90·2 (86·6–93·8)

91·3 (87·3–95·5)

79·0 (72·2–86·4)

88·3 (83·7–93·1)

91·8 (87·0–96·8)

83·6 (77·1–90·7)

94·0 (88·9–99·3)

90·2 (83·1–98·0)

0

5-year event-free survival (%, 95% CI)

2 72 74 76 78 80 82 84 86 88 90 92 94 96 98 100

%, (95% CI)

Figure 3: Forest plot of subgroup analyses
Data in parentheses in each subgroup are number of events/number of patients. Of the 714 patients in the intention-to-treat analysis, one patient had no 
information at the early response assessment and therefore is not included in the adequate response or inadequate response groups, resulting in a denominator of 
713 patients in the second, third, and fourth line of the forest plot. Risk factors were either bulky disease or elevated erythrocyte sedimentation rate, or both. 
Red lines represent results with percentages and 95% CIs less than the 90% target rate, and blue lines represent results more than the 90% target rate.
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survival at 5 years with a lower treatment burden in 
patients with an adequate response to OEPA. With 
the treatment titration design, we have shown that 
radiotherapy can be avoided in approximately two-thirds 
of patients while keeping the 5-year event-free survival 
consistent with the 90% target rate.

There is no doubt that radiotherapy is an effective 
treatment for classical Hodgkin lymphoma, as confirmed 
in the randomised CCG 5942 trial17 and the response-
adaptation trial GPOH-HD 95.18 One limitation of our 
study is that we did not randomly assign patients to receive 
radiotherapy or not, meaning that the comparison of 
radiotherapy versus no radiotherapy is biased in our study, 
because only patients who were prognostically worse 
received radiotherapy. With identical treatment, patients 
with an adequate response would probably have had a 
better outcome than patients with an inadequate response 
to OEPA. Our data suggest, but do not prove, that we 
might have had approximately 5% more relapses in 
patients with an adequate response by omission of 
radiotherapy. This finding is one reason why we will be 
adding one consolidating cycle of cyclophosphamide, 
vincristine, prednisone, and dacarbazine after an adequate 
response in treatment group 1 in the subsequent study 
EuroNet-PHL-C2, with the aim to preserve 5-year event-
free survival rates of more than 90% in this group. 
The novelty factor of our trial compared with the two 
aforementioned trials is that the response adaptation was 
based on a metabolic response assessment and not on 
morphological response alone.

In the GPOH-HD 2002 trial, the event-free survival 
results for patients with or without radiotherapy were 
slightly better than those in this trial. However, the 
number of patients selected for morphological complete 
response and the subsequent omission of radiotherapy 
in the GPOH-HD 2002 trial comprised only a third of 
the number of patients in treatment group 1 (62 [31·8%] 
of 195 patients). In the present study, using a combin
ation of morphological and PET criteria for adequate 
responses and the subsequent omission of radiotherapy, 
approximately two thirds of all treatment group 1 
patients did not receive radiotherapy. This absence of 
radiotherapy could explain the slightly inferior event-
free survival of patients with an adequate response in 
this study compared with the GPOH-HD 2002 trial. 
In addition, the cohort of patients with an inadequate 
response in the present trial contained a prognostically 
worse group of patients. This selection might also 
explain the slightly inferior outcome of these patients 
compared with the GPOH-HD 2002 trial.

Our results are superior to those of another published 
limited-stage paediatric classical Hodgkin lymphoma 
trial by Keller and colleagues,19 the AHOD0431 trial. 
The investigators studied a response-adapted approach 
with three cycles of doxorubicin, vincristine, prednisone, 
and cyclophosphamide with or without radiotherapy 
and reached a 4-year event-free survival of 79·9%, and 

only 49·0% of patients had received no radiotherapy 
compared with 62% in our trial. The AHOD0431 trial 
included only low-risk patients without bulky masses, 
but patients with elevated inflammatory markers, such 
as increased erythrocyte sedimentation rate or increased 
C-reactive protein and patients with multiple sites of 
disease were not excluded.

For adults at a median age of 34 years with early-stage 
classical Hodgkin lymphoma, Radford and colleagues20 
showed that after three cycles of doxorubicin, bleomycine, 
vincristine, and dacarbazine (ABVD), patients with 
negative PET findings had a similarly good prognosis with 
or without consolidation radiotherapy. Another limitation 
of our study is that secondary malignancies occurred in 
1% of patients, whereas Mittal and colleagues21 showed 
that, in a cohort of 154 children with all-stage classical 
Hodgkin lymphoma treated with ABVD, no secondary 
malignancies occurred. This difference might be because 
of chance fluctuation. However, Mittal and colleagues 
found a decreased left ventricular function in 5·9% of 
patients and abnormal spirometry in 43·2% of patients, 
or a reduced diffusion capacity of the lung for carbon 
monoxide in 42·0% of patients. These late effects are 
likely to be associated with the high cumulative anthra
cycline load of approximately 200 mg/m² and to the 
abundant use of bleomycin in ABVD, which is a main 
difference between the dose-dense two cycles of OEPA 
and four cycles of ABVD. The question of using OEPA 
versus ABVD is not only an open question of efficacy and 
toxicity, it is also an open question of trading off higher 
relapse rates versus less radiotherapy use to avoid 
radiotherapy-induced secondary malignancies and other 
late effects. However, the aim of our study was not focused 
to actually capture the late effects of treatment.

In other Hodgkin lymphoma study groups, both in the 
paediatric and adult setting, the definitions of early-stage 
classical Hodgkin lymphoma differed substantially from 
the definition in our treatment group 1.22 In the EuroNet-
PHL-C1 trial, treatment group 1 comprises approximately 
40% of all recruited patients with classical Hodgkin 
lymphoma, whereas patients with early-stage disease 
in other study groups comprise only 20–25%. These 
differences are most probably because of two factors: the 
presence of bulky disease or large mediastinal mass, or 
signs of systemic inflammation, or both, in our early-stage 
cohort. Therefore, in this study, an unplanned subgroup 
analysis of patients with and without these risk factors 
was initiated. In contrast to other study groups, we defined 
bulky disease by three-dimensional volumetry on cross-
sectional imaging compared with the two-dimensional 
x-ray definition. In addition, non-paediatric study groups 
use a threshold of an erythrocyte sedimentation rate of 
more than 50 mm in the first hour in patients without 
B symptoms and an erythrocyte sedimentation rate of 
more than 30 mm in the first hour in those with 
B symptoms to define higher risk.23 We decided to define a 
high erythrocyte sedimentation rate as 30 mm or more in 
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the first hour, independent of the presence of B symptoms, 
since erythrocyte sedimentation rate is potentially lower in 
younger patients15 and B symptoms were generally not 
present in treatment group 1 patients. For this analysis, 
we hypothesised that the group with any of the factors 
used by other study groups to define early unfavourable 
stages—namely, with bulky disease or a high erythrocyte 
sedimentation rate of 30 mm or more in the first hour, 
or both—would differ in prognosis when given the 
treatment group 1 strategy. We showed, in the intention-
to-treat analysis, that the 90% target rate was only reached 
in patients with early-stage disease without risk factors 
and those with undetermined risk factor status, whereas 
in patients with risk factors, the 90% target was not 
reached in those with an adequate response to OEPA. 
For the subgroup with an inadequate response and 
radiotherapy, the point estimate was less than 90%, 
whereas the 95% CI still included the 90% target rate. 
Consequently, the sixth amendment in the last year of the 
recruitment period was made, and subsequently patients 
with early-stage disease with risk factors were treated as 
patients with intermediate-stage disease. Until the closure 
of recruitment, 24 patients with early-stage disease with 
risk factors were treated in the intermediate risk group 
(treatment group 2) and only one patient relapsed. Thus, 
these patients with early unfavourable stages might be 
safely treated in treatment group 2, similar to reports from 
other study groups.24

At the time the EuroNet-PHL-C1 study was designed, 
the International Harmonisation Project criteria were 
the standard for definition of an adequate PET response 
in lymphoma. Deauville scores were not yet established 
and there were no studies published in which radio
therapy had been omitted by using PET response. 
An international consensus was reached in 2014 with 
the Lugano criteria, by accepting a residual uptake 
not exceeding the liver avidity, according to Deauville 
grades 1–3, as complete metabolic remission. However, 
in trials involving PET where de-escalation is investi
gated, it might be preferable to consider a Deauville 
grade of 3 as an inadequate response to avoid under
treatment.25 Consequentially, many studies that started 
at that time have applied similar criteria; for example, 
EORTC-HD10,24 AHOD0431,19 and RAPID.20 According 
to the international consensus, in the subsequent 
EuroNet-PHL-C2 trial, patients with a Deauville score 
higher than 3 after two OEPA courses will receive 
radiotherapy, and patients with a Deauville score lower 
than 3 will receive one course of cyclophosphamide, 
vincristine, prednisone, and dacarbazine consolidation. 
This strategy has been taken forward as the standard 
treatment for patients with early-stage disease without 
risk factors.26 Patients with early-stage disease and risk 
factors will be treated within the intermediate-risk 
treatment group 2. The aim of the research is to clarify 
whether the results in patients with early-stage disease 
without risk factors can be further improved by minor 

treatment intensification and whether patients with 
early-stage disease with risk factors will have an event-
free survival of more than 90% when treated as 
intermediate-risk disease.
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