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Soft Tissue Sarcomas
(RMS)



Bisogno G et al. J Clin Oncol 41:2342-2349; 2023
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*Fusion status: The majority (70-80%) of Alveolar RMS cases have translocations resulting in fusion PAX-FOX01
Site: Favourable sites are: GU including bladder-prostate, head & neck non-parameningeal, orbit and biliary primaries . Unfavourable sites are: all other sites.
Age: Favourable is defined as age over 1 and under 10 years of age at diagnosis
Size: Favourable primary tumour is ≤5 cm in longest diameter

EpSSG 2005: Risk group 5-year OS 



Bisogno G et al. Lancet Oncol 2018

Doxorubicin (added to standard IVA -> IVADo), any survival benefit,.
Adverse events were more severe in IVADo.



Lancet Oncol 2019; 20: 1566–75 •77·6% with Maintenance
•69·8% without Maintenance

5-year DFS: 

5-year OS: 

•86,5% with Maintenance
•73,7% without Maintenance



FaR-RMS

Radiotherapy Questions:

•? pre-op or standard post-op RT is better for pts with
resectable disease (RT1A);

•? dose escalation RT improves the outcome in patients
with a higher local failure risk (RT1B/C);

•? RT of all sites of disease, including metastatic sites,
(RT2)

Maintenance Chemotherapy Questions: 
• ? 12 + 12 cycles of Vn/C  to standard 12 cycles of maintenance in VHR 

disease at diagnosis (CT2A); 
• ?  6 + 6 cycles of Vn/C to the standard 6 cycles  of mantenance in  localized 

HR disease at diagnosis (CT2B)
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FaR-RMS radiotherapy

TIME: The decision to proceed to local therapy (surgery and/or 
radiotherapy) should be made after 3 cycles of induction chemotherapy 
(or after 6 cycles for patients with metastatic disease). 
Preoperative, or definitive, RT for localized disease should be delivered 
after 4th cycle of chemotherapy (week 13), or after 7th cycle of 
chemotherapy for metastatic disease (week 22)

RT to primary site is indicated for:
HR and VHR, and the majority of SR (Group C) 

9Gy for dose escalated to 
residual T after 3CT 

oUnfavourable metastatic disease: 2- 4 adverse factors
o Favourable metastatic disease: 0-1 adverse factors



Ewing Sarcoma
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Ewing 2008: 1421 pts
• Surgery (S&RT group, 332 pts ) and/or 
• RT (RT alone group, 145 pts). 

Ø54.0 Gy pre-op RT,
Øup to 54 Gy post-op RT in intralesional/marginal surgery, with poor HR (≥10% residual tumor cells). 
Ø45 Gy post-op RT in marginal surgery, good HR (<10% residual tumor cells)
Ø45 Gy in wide resection with poor HR (≥10% residual tumor cells).
Ødefinitive RT 54.0 Gy
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according to the recommendations and by clinical evalua-
tion. The second cutoff was a decision also based on clini-
cal evaluation, the number of patients who received the
different dose amounts, and on the upcoming iEuroEwing
protocol, in which, within both high-risk groups of
patients, a radiation dose of 59.4 Gy is 1 of the 2 possibili-
ties for randomization.

Statistical analysis

EFS and OS rates were estimated using the Kaplan-
Meier method.21 After assessment of the proportional
hazards assumption, 2 separate univariable and multivari-
able analyses were performed by Cox regression models
because patients with a combined local treatment modal-
ity presented histologic response and surgical margins as
prognostic factors and patients treated with definitive RT
did not, as these variables are only available after surgery
was performed. Overall, prognostic factors such as age,
sex, tumor volume, histologic response, and surgical mar-
gins for the combined local treatment modality group and
age, sex, and tumor volume for the patients treated with
definitive RT were included in the analysis. Hazard ratios
(HR) and 95% confidence intervals (CI) are presented. Fur-
thermore, x2 analyses were performed to evaluate a poten-
tial correlation between prognostic factors and RT doses.

Ethical considerations

Approval for the study was obtained from the Ethical
Committee of the Westphalia-Lippe Medical Association
(€Arztekammer Westfalen-Lippe) of the Westphalien Wil-
hems University, M€unster, Germany. The positive ethics
vote was received on December 16, 2008.

Results

A total of 528 patients with a diagnosed nonmetastatic
EwS received RT and were therefore included in the anal-
ysis. Specifically, 62.9% (332 out of 528) of the patients
had surgery and were treated with pre- or postoperative

RT. Thirty-two patients received preoperative and the
remaining 300 patients received postoperative RT. The
last dose of preoperative RT was administered within a
range of 21 to 167 days before the date of surgery, with a
median of 54 days. Postoperative RT was conducted
within a range of 1 to 423 days after surgery, with a
median of 79 days. Patients who received extracorporeal
RT during surgery were excluded from the analysis. The
remaining 27.5% (145 out of 528) of patients were treated
with definitive RT. Median follow-up was 3.52 and
2.86 years in the combined local treatment modality and
the definitive RT group, respectively. Information on the
RT doses received was missing in 51 patients. Figure 1
presents a flow diagram with the number of patients at
each stage of the study, as well as the patients excluded
and their reason for exclusion. Within the surgery and RT
group, 192 patients received a dose of ≤53 Gy, 118
patients received 54 to 58 Gy, and 22 patients ≥59 Gy.
The group of patients who received definitive RT as a
local treatment included 17, 64, and 64 patients in the
≤53, 54 to 58, and ≥59 Gy groups, respectively. As men-
tioned previously, Table 1 gives an overview of the patient
demographics and tumor characteristics. No differences
between the 2 groups, except for the primary tumor site,
RT doses received (P < .001), and country (P = .026),
were observed. Specifically, more patients with pelvic and
spinal tumors received definitive RT as a local treatment
modality. More often, patients with thoracic, lower, and
upper extremity tumors received a combined local treat-
ment consisting of surgery and RT. Concerning the differ-
ences in countries, all patients treated in Finland,
Lithuania, and Poland were treated with surgery and RT.
Austrian patients were also more often treated with the
combined treatment modality. Regarding RT doses,
patients treated with definitive RT received higher doses
compared with patients treated with surgery and RT.

Combined local therapy modality (surgery
and RT)

Within the surgery and RT group, 192 patients
received a dose of ≤53 Gy, 118 patients received 54 to 58

Table 1 (Continued)

Definitive RT (n = 158) Surgery and RT (n = 370)

Variable No. % No. % P value

RT dose <.001

≤53 Gy 17 10.8 192 51.9

54-58 Gy 64 40.5 118 31.9

≥59 Gy 64 40.5 22 5.9

Abbreviation: RT = radiation therapy, Gy = gray.

Advances in Radiation Oncology: July−August 2023 Effect of Radiotherapy Dose on Outcome 5

Maurizio Mascarin, CRO Aviano (Italy)

The effect of different RT doses on EFS and S:
≤53Gy, 54-58Gy, ≥59 Gy



Gy, and 22 patients ≥59 Gy. Kaplan-Meier analysis
revealed a 3-year EFS of 76.6%, 73.7%, and 68.2%, respec-
tively, with a total EFS of 75.0% (P = .423), as seen in
Fig. 2. Total OS was 85.8%, with no difference between
the subgroups (88.5%, 82.2%, and 81.8%, respectively;
P = .236).

As shown in Table 2, multivariable Cox-regression
analysis revealed that patients ≥15 years of age were at
higher risk of any event, with an HR of 2.68 (95% CI,
1.63-4.38; P < .001), compared with younger patients.
Similar results were found for OS (HR, 2.31; 95% CI,
1.21-4.42; P = .011). There was no difference in outcome
for male or female patients in EFS (HR, 1.01; 95% CI,
0.63-1.62; P = .959) and OS (HR, 1.10; 95% CI, 0.59-2.05;
P = .774). Intralesional or marginal surgical margins were
associated with an increased risk of any event compared
with wide surgical margins (HR, 1.76; 95% CI, 1.05-2.93;
P = .032) and with a decreased OS (HR, 2.58; 95% CI,
1.35-4.93; P = .004). Our analysis revealed a risk of any
event in poor histologic response, with a HR of 1.60 (95%
CI, 0.97-2.64; P = .068) and an OS HR of 1.59 (95% CI,
0.81-3.12; P = .182).

For larger tumor volume (≥200 mL) the EFS HR was
1.18 (95% CI, 0.73-1.90; P = .497) and OS HR was 1.60

(95% CI, 0.85-3.01; P = .150) compared with smaller
tumor volume (<200 mL). EFS HR for RT doses of 54 to
58 and ≥59 Gy were 1.08 (95% CI, 0.63-1.84; P = .782)
and 2.61 (95% CI, 1.08-6.27; P = .032), respectively. Treat-
ment with RT dose of ≥59 Gy was associated with an
increased risk of any event compared with treatment with
≤53 Gy. For OS, the HRs were 1.34 (95% CI, 0.66-2.70;
P = .414) and 2.39 (95% CI, 0.80-7.15; P = .17), for the 54
to 58 and ≥59 Gy treatment groups, respectively.

We also analyzed the selection of RT doses based on
prognostic factors, namely histologic response to induc-
tion chemotherapy and surgical margins. Results show
that patients with a wide surgical margin received a lower
RT dose compared with patients with marginal or intrale-
sional surgical margins (P < .001). Furthermore, patients
with a poor histologial response to induction chemother-
apy received higher doses of RT compared with patients
with a good histologic respone (P < .001).

Definitive RT

Patients who received definitive RT were treated with
total doses ranging from 44 to 73 Gy. Specifically, 17
patients received a dose of ≤53 Gy, 64 patients received
54 to 58 Gy, and 64 patients ≥59 Gy. The 3-year EFS was
52.9%, 62.5%, and 70.3%, respectively, with a total EFS of
64.8% (P = .627; Fig. 3). Three-year OS was 64.7%, 81.3%,
and 84.4%, respectively, with a total OS of 80.7%
(P = .263).

Table 3 shows the results of the multivariable Cox
regression analysis comparing different RT doses in
patients treated with definitive RT. Subgroup analyses
showed risk of any event in patients’ age or sex (≥15 vs
<15 years or male vs female patients), with an HR of 1.68
(95% CI, 0.95-2.97; P = .077) and an HR of 1.28 (95% CI,
0.72-2.26; P = .401), respectively. OS results showed an
HR of 1.28 (95% CI, 0.60-2.73; P = .520) and an HR of
1.12 (95% CI, 0.52-2.41; P = .766), respectively.

Large initial tumor volume (≥200 mL) was associated
with an increased risk of any event (HR, 2.20; 95% CI,
1.21-4.00; P = .009) and a decreased OS (HR, 2.52; 95%
CI, 1.14-5.55; P = .022). Concerning RT, for doses of 54
to 58 and ≥59 Gy received, EFS HR were 0.65 (95% CI,
0.28-1.49; P = .307) and 0.42 (95% CI, 0.17-1.04;
P = .060), respectively. Furthermore, OS HR were 0.42
(95% CI, 0.15-1.15; P = .091) and 0.32 (95% CI, 0.11-0.92;
P = .035), respectively. Thus, patients who received the
highest (≥59 Gy) dose of RT, when treated with RT alone,
had a better OS than patients treated with the lowest dose
of radiation (≤53 Gy).

A x2 analysis for the patients treated with definitive RT
and doses given according to tumor volume was per-
formed. Results show that patients with a larger tumor
volume (≥200 mL) tended to receive higher doses of RT
(P = .091).

Table 2 HRs of multivariable analysis (EFS and OS) for
patients treated with surgery and radiation therapy

95% CI

EFS P value HR Lower Upper

Age <.001 2.68 1.63 4.38

Sex .959 1.01 0.63 1.62

Surgical margins .032 1.76 1.05 2.93

Histologic response .068 1.60 0.97 2.64

Tumor volume .497 1.18 0.73 1.90

≤53 Gy .098

54-58 Gy .782 1.08 0.63 1.84

≥59 Gy .032 2.61 1.08 6.27

95% CI

OS P value HR Lower Upper

Age .011 2.31 1.21 4.42

Sex .774 1.10 0.59 2.05

Surgical margins .004 2.58 1.35 4.93

Histologic response .182 1.59 0.81 3.12

Tumor volume .150 1.60 0.85 3.01

≤53 Gy .281

54-58 Gy .414 1.34 0.66 2.70

≥59 Gy .121 2.39 0.80 7.15

Abbreviations: CI = confidence interval; EFS = event-free survival;
HR = hazard ratio; OS = overall survival.
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Surgery & RT 
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Treatment with higher RT dose had an effect on EFS, whereas higher dose of 
radiation when treated with definitive RT was associated with an increased OS 

Kersting J et al. Advances in Radiation Oncology (2023) 

Discussion

In this retrospective analysis, we evaluated the effect of
different radiation doses on EFS and OS in patients with
nonmetastatic EwS. All patients were prospectively regis-
tered in the Ewing 2008 database. We evaluated EFS and
OS by using the Kaplan-Meier method and performed 2
different multivariable Cox regression models: one for
patients treated with a combined local treatment consist-
ing of surgery and RT and a second for treatment with
definitive RT. In the combined local treatment modality
group, patients treated with the highest dose (≥59 Gy) of
radiation had an increased risk of any event compared
with the patient treated with the lowest dose of radiation
(≤53 Gy). No difference in OS was shown. In patients
who received definitive RT, high-dose RT (≥59 Gy) was
associated with an improved OS, but no difference in EFS
was demonstrated in this group. The data were prospec-
tively collected but retrospectively analyzed as the analysis
addressed in this paper was not part of the trial objective.
It was performed in a large cohort of unselected patients
registered into the international Ewing 2008 trial of the
Cooperative Ewing Sarcoma Study group (CESS). Data on
the patients were prospectively collected over a period of
approximately 10 years. All patients were treated with the
same treatment protocol; therefore, confounding effects
of major variations of therapeutic concepts were mini-
mized. Moreover, modern RT techniques, such as inten-
sity modulated RT, tomotherapy, and proton beam RT

were available. We are aware that the retrospective study is
limited by selection bias, and our data indicate that patients
with negative prognostic factors, namely poor histologic
response and marginal/intralesional margins for the com-
bined local treatment group and large tumor volume in the
definitive RT group, more likely received higher RT dose.
The favorable outcome in these high-risk patients may
indicate a benefit from high-dose RT that remains to be
proven by a systematic randomized clinical trial.

Laskar et al22 evaluated a dose escalation (70.2 Gy) ver-
sus the standard RT dose (55.8 Gy) in a randomized con-
trolled study and found a trend toward an increased OS
in the group of patients treated with higher doses of RT
(40.4% vs 62.5%; P = .08). They also demonstrated in their
randomized, controlled study a significantly increased
local control in escalated doses compared with standard
dose. Local control rate after RT was also retrospectively
analyzed after a study conducted by St. Jude Children’s
Research Hospital, in which patients received higher dose
after poor histologic response to chemotherapy or because
of a larger tumor size. This study reported a strong corre-
lation between RT doses received, local tumor control,
and primary tumor size. Specifically, for patients receiving
35 Gy, local tumor control was 90% for lesions <8 cm ver-
sus 52% for tumors ≥8 cm.23 Furthermore, Paulino et al24

also retrospectively evaluated the local control of tumors
according to dose and tumor size and showed that higher
doses of RT (≥49 Gy) for tumors <8 cm and RT doses of
≥54 Gy, thus higher, for tumors >8 cm were associated
with a superior 10-year local control. Similar results were
shown by Talleur et al,25 who also found that dose-escala-
tion in unresectable, large tumors (≥8 cm) was associated
with an increase in local control. Stahl et al26 evaluated
the risk of recurrence in 714 patients treated within the
GPOHCESS 81, CESS 86, or EICESS 92 trials. The analy-
sis demonstrated a long median time of relapse, specifi-
cally, 563 days for localized disease compared with
434 days in primary disseminated disease (P < .001). Fur-
thermore, early relapse (within 2 years) was associated
with a poor prognosis, and patients with a local relapse
showed a superior outcome compared with systemic or
combined relapse. However, the reason for the difference
in relapse and a potential association with treatment
modality still remains unclear. One limitation of our anal-
ysis is the lack of long-term data to evaluate local recur-
rence and a potential association with RT doses.

Decisions regarding local treatment modalities for EwS
of the pelvis require careful consideration, as these tumors
are known to present with a large tumor volume at diag-
nosis, making a resection with wide surgical margins very
challenging. At the same time, surgery and RT in pelvic
EwS are both associated with an increased risk of invasion
of proximal anatomic structures.27,28 Andreou et al27 ret-
rospectively evaluated data from the Euro-E.W.I.N.G.-99
trial of different local treatment modalities in localized
pelvic EwS on EFS, OS, and local control. Concerning

Table 3 HRs of multivariable analysis (EFS and OS) for
patients treated with definitive radiation therapy

95% CI

EFS P value HR Lower Upper

Age .077 1.68 0.95 2.97

Sex .401 1.28 0.72 2.26

Tumor volume .009 2.20 1.21 4.00

≤53 Gy .146

54-58 Gy .307 0.65 0.28 1.49

≥59 Gy .060 0.42 0.17 1.04

95% CI

OS P value HR Lower Upper

Age .520 1.28 0.60 2.73

Sex .766 1.12 0.52 2.41

Tumor volume .022 2.52 1.14 5.55

≤53 Gy .100

54-58 Gy .091 0.42 0.15 1.15

≥59 Gy .035 0.32 0.11 0.92

Abbreviations: CI = confidence interval; EFS = event-free survival;
HR = hazard ratio; OS = overall survival.

Advances in Radiation Oncology: July−August 2023 Effect of Radiotherapy Dose on Outcome 9

EFS

Definitive RT 

OS

≤53Gy, 54-58Gy, ≥59 Gy



Maurizio Mascarin,  CRO Aviano (Italy)

Inter-Ewing 1 Protocol

B-1
Dose escalation
54Gy vs 64,8Gy

B-2
Dose escalation
54Gy vs  45Gy

:  Definitive RT  - Post-op RT
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Inter Ewing 145Gy 9 Gy
30 Gy ?

move to higher RT 
Dose: 64,8Gy

move to RT 
treatment of 

all mestastatic 
sites



Kelly SM. European Journal of Cancer 172 (2022) 209e220 

A collaborative initiative, QUARTET combines
the ped onc expertise of SIOPE with the experience and infrastructure of the EORTC

to deliver a centralised, prospective, interventional RTQA programme for ped international clinical trials. 
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Radiotherapy and Oncology,182 (2023)

263 patient plans

263 patient plans.
Trials included are: SIOPEN 
HR-NBL1, SIOPEN-LINES, SIOPEN-
VERITAS, SIOP-BTG HRMB, EpSSG-FaR-
RMS, and SIOPEN HR-NBL2. 
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hd-CT & ASCT New drugs

Thomas Hodgkin, 1798–1866

Historical and current approach to Hodgkin Lymphoma

«The first thing I would tell to a patient is that we get 2 good chances to cure cHL,
actually we have at least 3 good chances for cure» (Alison Moskowitz)  

1832
Casagrande N, Cancers 2022



19

2 
 

1. Study design overview chart 
 

Figure S1: Study Design
Diagnosis of cHL 
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Response-adapted omission of radiotherapy in children and 
adolescents with early-stage classical Hodgkin lymphoma 
and an adequate response to vincristine, etoposide, 
prednisone, and doxorubicin (EuroNet-PHL-C1): a titration 
study
Christine Mauz-Körholz*, Judith Landman-Parker*, Ana Fernández-Teijeiro*, Andishe Attarbaschi, Walentyna Balwierz, Jörg M Bartelt, 
Auke Beishuizen, Sabah Boudjemaa, Michaela Cepelova, Francesco Ceppi, Alexander Claviez, Stephen Daw, Karin Dieckmann, Alexander Fosså, 
Stefan Gattenlöhner, Thomas Georgi, Lisa L Hjalgrim, Andrea Hraskova, Jonas Karlén, Lars Kurch, Thierry Leblanc, Georg Mann, 
Francoise Montravers, Jane Pears, Tanja Pelz, Vladan Rajić, Alan D Ramsay, Dietrich Stoevesandt, Anne Uyttebroeck, Dirk Vordermark, 
Dieter Körholz†, Dirk Hasenclever†, William H Wallace†, Regine Kluge†

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.

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

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license. 

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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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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been included previously in the intention-to-treat analysis 
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Adequate response 440 (62%)
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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.
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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

714 pts group 1 (TG1 early-stage disease)
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6. Intention-to-treat analyses for OS and PFS 

 
 
Figure S5A: Overall Survival in the intention-to-treat analysis of the titration trial showing 
patients with AR and no RT (blue) and patients with IR scheduled for RT (red).  

 
Figure S5B: Progression-Free-Survival in the intention-to-treat analysis of the titration trial 
showing patients with AR and no RT (blue) and patients with IR scheduled for RT (red).  
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7.3   EFS by risk factors in the per-protocol population (unplanned subgroup 
analysis) 
 

 
Figure S6C:  Event-Free Survival in the per-protocol analysis of the titration trial showing 
patients with either one or both risk factors (RF; Bulk volume ≥ 200 ml and/or ESR ≥ 30 
mm/1st hour) in the red curve and patients without risk factors in the green curve. Patients 
with undetermined risk factor status (ESR rate or bulky disease measurement), are depicted 
in the blue curve. Patients with documented bulk and/or increased ESR have worse EFS.  
 
 
7.4  Mediastinal involvement and bulky disease in AR and IR patients 
 
Table S5: Mediastinal involvement and bulky disease in both response groups 
 

 Adequate Response (AR) 
group 

Inadequate Response (IR) 
group 

Any mediastinal 
involvement 

319/440 (73%) 207/273 (76%) 

Bulky disease (>/= 200ml 
contiguous mass) and any 
mediastinal involvement 

40/427 (9.4%) 63/267(23.6%) 

 
 

EFS by risk factors (VES, bulky)  

TL1 in 
C1

62% TG1 with ERA-PET2 AR, no RT
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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 treat ment 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.

Jan 31, 2007, and Jan 30, 2013, 2102 pts  
(1287  pts TG2-TG3)

40% TG2 & TG3 with ERA-PET2 AR, no RT
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Result of autoHCT and implication in relapsed cHL
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• The risk of late mortality not related to HL  
was 9.6-fold higher for patients with HL in 
comparison with the general population. 
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ORIGINAL ARTICLE

A prognostic model predicting autologous transplantation
outcomes in children, adolescents and young adults with
Hodgkin lymphoma
P Satwani1, KW Ahn2,3, J Carreras2, H Abdel-Azim4, MS Cairo5, A Cashen6, AI Chen7, JB Cohen8, LJ Costa9, C Dandoy10, TS Fenske11,
CO Freytes12, S Ganguly13, RP Gale14, N Ghosh15, MS Hertzberg16, RJ Hayashi17, RT Kamble18, AS Kanate19, A Keating20,
MA Kharfan-Dabaja21, HM Lazarus22, DI Marks23, T Nishihori21, RF Olsson24,25, TD Prestidge26, JM Rolon27, BN Savani28, JM Vose29,
WA Wood30, DJ Inwards31, V Bachanova32, SM Smith33, DG Maloney34, A Sureda35,36 and M Hamadani2

Autologous hematopoietic cell transplantation (AutoHCT) is a potentially curative treatment modality for relapsed/refractory
Hodgkin lymphoma (HL). However, no large studies have evaluated pretransplant factors predictive of outcomes of AutoHCT in
children, adolescents and young adults (CAYA, age o30 years). In a retrospective study, we analyzed 606 CAYA patients (median
age 23 years) with relapsed/refractory HL who underwent AutoHCT between 1995 and 2010. The probabilities of PFS at 1, 5 and
10 years were 66% (95% confidence interval (CI): 62–70), 52% (95% CI: 48–57) and 47% (95% CI: 42–51), respectively. Multivariate
analysis for PFS demonstrated that at the time of AutoHCT patients with Karnofsky/Lansky score ⩾ 90, no extranodal involvement
and chemosensitive disease had significantly improved PFS. Patients with time from diagnosis to first relapse of o1 year had a
significantly inferior PFS. A prognostic model for PFS was developed that stratified patients into low-, intermediate- and high-risk
groups, predicting for 5-year PFS probabilities of 72% (95% CI: 64–80), 53% (95% CI: 47–59) and 23% (95% CI: 9–36), respectively.
This large study identifies a group of CAYA patients with relapsed/refractory HL who are at high risk of progression after AutoHCT.
Such patients should be targeted for novel therapeutic and/or maintenance approaches post-AutoHCT.

Bone Marrow Transplantation (2015) 50, 1416–1423; doi:10.1038/bmt.2015.177; published online 3 August 2015

INTRODUCTION
Hodgkin Lymphoma (HL) is the most common cancer in children,
adolescents and young adults (CAYA), with a peak incidence
between the ages of 20 and 34 years.1 With the use of
chemotherapy alone or with the addition of radiotherapy, the
overall survival (OS) rate of newly diagnosed HL in CAYA is
approximately 80–90%.1,2 However, a subset of CAYA patients

with HL has disease refractory to first-line therapies or
experiences disease relapse.2 For these patients, conventional
salvage therapies, followed by autologous hematopoietic cell
transplantation (AutoHCT) is often considered the standard of
care. Even with the addition of AutoHCT, many patients will not
achieve long-term remission.3 The outlook for such patients
remains poor. A small prospective study by Baker et al.4

1Division of Pediatric Hematology, Oncology and Stem Cell Transplantation, Department of Pediatrics, Columbia University Medical Center, New York, NY, USA; 2CIBMTR (Center
for International Blood and Marrow Transplant Research), Medical College of Wisconsin, Milwaukee, WI, USA; 3Division of Biostatistics, Institute for Health and Society, Medical
College of Wisconsin, Milwaukee, WI, USA; 4Division of Hematology, Oncology and Blood and Marrow Transplantation, Children's Hospital Los Angeles, University of Southern
California Keck School of Medicine, Los Angeles, CA, USA; 5Pediatric Hematology/Oncology and Stem Cell Transplantation, New York Medical College, New York, NY, USA;
6Division of Oncology, Washington University School of Medicine, St Louis, MO, USA; 7Oregon Health and Science University, Portland, OR, USA; 8Department of Hematology and
Medical Oncology, Winship Cancer Institute, Emory University School of Medicine, Atlanta, GA, USA; 9Division of Hematology/Oncology, Department of Medicine, University of
Alabama at Birmingham, Birmingham, AL, USA; 10Cincinnati Children’s Hospital Medical Center, Cincinnati, OH, USA; 11Division of Hematology and Oncology, Medical College of
Wisconsin, Milwaukee, WI, USA; 12South Texas Veterans Health Care System and University of Texas Health Science Center at San Antonio, San Antonio, TX, USA; 13Blood and
Marrow Transplantation, Division of Hematology and Oncology, University of Kansas Medical Center, Kansas City, KS, USA; 14Hematology Research Centre, Division of
Experimental Medicine, Department of Medicine, Imperial College London, London, UK; 15Department of Hematologic Oncology and Blood Disorders, Levine Cancer Institute,
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• 606 CAYA pts treated with AHCT for cHL (1995 and 2010) 
• median age 23 years (3–29 years)

• 836 pts who survived progression-free for >2 years after
AHCT for cHL (1990 and 2008). 

• median age 33 years (range 15-77).
• 44% received RT before ASCT.
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KEYWORDS: autologous hematopoietic cell transplant, diffuse large B-cell lymphoma, Hodgkin lymphoma, late effects, nonrelapse
mortality, survival.

Corresponding author: Bronwen E. Shaw, Center for International Blood and Marrow Transplant Research, Froedtert and the Medical College of Wisconsin, 9200
West Wisconsin Avenue, Suite C5500, Milwaukee, WI 53226; beshaw@mcw.edu

1Divisions of Hematology and Oncology, The Children’s Hospital of Philadelphia, Philadelphia, Pennsylvania, Pennsylvania; 2Department of Hematology and Medi-
cal Oncology, Cleveland Clinic Taussig Cancer Institute, Cleveland, Ohio; 3Center for International Blood and Marrow Transplant Research, Department of Medi-
cine, Medical College of Wisconsin, Milwaukee, Wisconsin; 4Division of Biostatistics, Institute for Health and Society, Medical College of Wisconsin, Milwaukee,
Wisconsin; 5Hematology Branch, National Heart, Lung, and Blood Institute, Bethesda, Maryland; 6Blood and Marrow Transplant Program, Cleveland Clinic Taussig
Cancer Institute, Cleveland, Ohio; 7Division of Pediatric Hematology, Children’s Hospital of Orange County, Orange, California; 8Seidman Cancer Center, University
Hospitals Cleveland Medical Center, Case Western Reserve University, Cleveland, Ohio; 9Division of Hematology/Oncology, Department of Medicine, Vanderbilt
University Medical Center, Nashville, Tennessee; 10Clinical Research Division, Fred Hutchinson Cancer Research Center, Seattle, Washington; 11St Jude Children’s
Research Hospital, Memphis, Tennessee; 12Department of Hematology and Medical Oncology, Winship Cancer Institute of Emory University, Atlanta, Georgia;
13Blood and Marrow Transplantation Program, Division of Hematology/Oncology, Department of Medicine, Greenebaum Comprehensive Cancer Center, University
of Maryland, Baltimore, Maryland; 14Division of Pediatric Hematology/Oncology, Department of Pediatrics, Washington University School of Medicine in St. Louis,
St. Louis, Missouri; 15Tom Baker Cancer Center, Calgary, Alberta, Canada; 16Division of Therapeutic Immunology, Department of Laboratory Medicine, Karolinska
Institutet, Stockholm, Sweden; 17Centre for Clinical Research Sormland, Uppsala University, Uppsala, Sweden; 18Division of Hematopoietic Stem Cell Transplanta-
tion, National Cancer Center Hospital, Tokyo, Japan; 19Tisch Cancer Institute, Icahn School of Medicine at Mount Sinai, New York, New York; 20Blood and Marrow
Transplant Program, Massachusetts General Hospital, Boston, Massachusetts; 21Department of Pediatric Oncology, Boston Children’s Hospital and Dana-Farber
Cancer Institute, Boston, Massachusetts; 22Department of Pediatrics, Uniformed Services Industry of the Health Sciences, Bethesda, Maryland; 23Division of Hema-
tology, Ohio State University Medical Center, Columbus, Ohio; 24University of Miami, Miami, Florida; 25Department of Medical Oncology, Fox Chase Cancer Center,
Temple Health, Philadelphia, Pennsylvania; 26Division of Hematology-Oncology, Department of Pediatrics, University of North Carolina at Chapel Hill, Chapel Hill,
North Carolina; 27Adult Bone Marrow Transplant, University Hospitals Bristol NHS Trust, Bristol, United Kingdom; 28Baylor University Medical Center, Dallas, Texas;
29Division of Oncology, Washington University School of Medicine, St. Louis, Missouri; 30Division of Bone Marrow Transplant, Seattle Cancer Care Alliance, Seattle,
Washington; 31Division of Hematology/Oncology, Department of Medicine, University of North Carolina, Chapel Hill, North Carolina; 32Division of Pediatric Hema-
tology, Oncology, and Stem Cell Transplantation, Department of Pediatrics, Columbia University Medical Center, New York, New York

We thank the University of Nebraska Medical Center for contributing a significant proportion of this study’s patients.

DOI: 10.1002/cncr.31114, Received: August 30, 2017; Revised: October 10, 2017; Accepted: October 12, 2017, Published online November 10, 2017 in Wiley
Online Library (wileyonlinelibrary.com)

816 Cancer February 15, 2018

Original Article



Relapsed/Refractory Ped-AYA cHL EuroNet recommendations
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(I) Time to relapse, (II) Prior treatment in first line, (III) Stage at relapse and … (IV) Chemo-sensitivity



Systemic consolidation in relapsed and refractory cHL in CAYA 

Driessen J et al, Hematology 2021, ASH 

With increasing CMR rates pre-ASCT, one might question the need for 
consolidation, living out autologous SCT
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HODGKIN LYMPHOMA: CURE AND OPTIMAL SURVIVORSHIP

     How to choose fi rst sal vage ther apy
in Hodgkin lym phoma: tra di tional
che mo ther apy vs novel agents 
     Julia   Driessen , 1   Sanne H.   Tonino , 1   Alison J.   Moskowitz , 2  and  Marie Jos é    Kersten  1
1 Department of Hematology, Amsterdam UMC,  University of Amsterdam , LYMMCARE, Cancer Center Amsterdam, Amsterdam, The Netherlands; 
and    2 Department of Medicine,  Memorial Sloan Kettering Cancer Center , New York, NY 

   Approximately 10 %  to 30 %  of patients with clas si cal Hodgkin lym phoma (cHL) develop relapsed or refrac tory (R / R) 
dis ease. Of those patients, 50 %  to 60 %  show long - term pro gres sion - free sur vival after stan dard sal vage che mo ther apy 
followed by high - dose che mo ther apy (HDCT) and autol o gous stem cell trans plant (ASCT). In the past decade, novel 
ther a pies have been devel oped, such as the CD30 - directed anti body – drug con ju gate brentuximab vedotin and immune 
check point inhib i tors, which have greatly extended the treat ment pos si bil i ties for patients with R / R cHL. Several phase 
1 / 2 clin i cal tri als have shown prom is ing results of these new drugs as monotherapy or in com bi na tion with che mo ther-
apy, but unfor tu nately, very few ran dom ized phase 3 tri als have been performed in this set ting, mak ing it dif fi  cult to give 
evi dence - based rec om men da tions for opti mal treat ment sequenc ing. Two impor tant goals for the improve ment in the 
treat ment of R / R cHL can be iden ti fi ed: (1) increas ing long - term pro gres sion - free and over all sur vival by opti miz ing risk -
 adapted treat ment and (2) decreas ing tox ic ity in patients with a low risk of relapse of dis ease by eval u at ing the need for 
HDCT / ASCT in these patients. In this review, we dis cuss treat ment options for patients with R / R cHL in different settings: 
patients with a fi rst relapse, primary refractory disease, and in patients who are ineligible or unfi t for ASCT. Results of 
clin i cal tri als inves ti gat ing novel ther a pies or strat e gies published over the past 5 years are sum ma rized.  

   LEARNING OBJECTIVES 
   •    Describe cur rent and emerg ing ther a pies for patients with R / R Hodgkin lym phoma 
  •    Understand the impor tance for patients with R / R Hodgkin lym phoma to achieve a CMR before HDCT / ASCT  

  CLINICAL CASE 
  A 30 - year - old woman presented with a per sis tent pain less 
lump in the neck with out B - symp toms. A biopsy of a right 
supraclavicular node was performed, which showed a clas-
si cal Hodgkin lym phoma (cHL). An  18 F -   fl uorodeoxyglucose 
pos i tron emis sion tomog ra phy (PET) – com puted tomog ra-
phy (CT) scan revealed lymph ade nop a thy bilat er ally in the 
supraclavicular and infraclavicular region, retrosternally, 
and in the medi as ti num; hence, cHL stage IIA unfavorable 
was diagnosed. 

 After oocyte pres er va tion, treat ment with   adriamycin, 
bleomycin, vinblastine, and dacarbazine was ini ti ated with 
the inten tion to admin is ter a total of 6 cycles in case of a com-
plete met a bolic response (CMR) after 2 cycles. However, the 
interim PET-scan showed only a par tial met a bolic response 
(PR) (Deauville score 4), and the treat ment was inten si fi ed 
to   escalated bleomycin, etoposide, adriamycin, cyclophos-

phamide, vincristine, procarbazine, and prednisone. After 2 
cycles, a CMR was reached and the patient received consol-
idative involved node radio ther apy (30 Gy). 

 Unfortunately, 1 year later, the patient presented with 
night sweats and severe itching. Imaging revealed exten-
sive lymph ade nop a thy above and below the dia phragm, 
and a biopsy con fi rmed the relapse. Salvage che mo ther-
apy with dexa meth a sone, high - dose cytarabine, and cis-
platin (DHAP) was ini ti ated, which resulted in a CMR after 
2 cycles, and stem cells were mobi lized and col lected 
after a third cycle of DHAP with the inten tion to pro ceed 
to high - dose che mo ther apy (HDCT) followed by autol o-
gous stem cell trans plant (ASCT) res cue.  

 Introduction 
 Approximately 10 %  to 30 %  of patients with cHL will relapse or 
are pri mary refrac tory (R / R) to fi rst - line treat ment. Standard 
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Nivolumab 3 mg/kg (day 8 cycle 1; day 1 for others) 
BV 1.8 mg/kg (day 1 of every cycle)
Bendamustine 90 mg/m2 (days 1 and 2)

CMR defined as Deauville score ≤ 3 per Lugano 2014 
criteria
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Nivolumab + BV × 2 cycles

ISRT

a

a

Nivo & Bv in Relapsed/Refractory Ped-AYA cHL (Low risk R1 Cohort CA 209-744)
P Harker Murray et al.  ASCO 2023 Annual Meeting
B Hoppe, ASTRO 2023 Annual Meeting 

• Dose 30 Gy (1.5 Gy per day) 
or 30.6 Gy (1.8 Gy per day)

• Treatment given 5 days per week 
over 17–20 sessions, no later than 6 
weeks from start of last 
chemotherapy cycle

ISRT Consolidation

ISRT Consolidation

R1  Cohort: 
• IA, IIA relapse ≥ 12 months
• IA, IIA  relapse 3-12 months (≤ 3 

cycles and no RT)
• IB, IIB, IIIA relapse >12 m
• No B symptoms or Extra Nodal D
• No extended RT fields required



Nivo & Bv plus RT in Relapsed/Refractory Ped-AYA cHL (R1 Cohort)

Safety 
• During the induction phase: a total of 22 (78.6%) patients experienced a treatment-related 

adverse event (TRAE) (Table 3)
 — Seven (25.0%) patients had grade 3/4 TRAEs, including maculopapular rash (3.6%), increased 

alanine aminotransferase (3.6%), increased aspartate aminotransferase (7.1%), decreased 
lymphocyte count (3.6%), febrile neutropenia (3.6%), and soft tissue infection (3.6%) 

 — Five (17.9%) patients had serious TRAEs, including grade 3/4 rash, urticaria, and febrile 
neutropenia (n = 1 each)

• 'XULQJ�WKH�LQWHQVLÀFDWLRQ�SKDVH������������SDWLHQWV�KDG�75$(V��QRQH�ZHUH�JUDGH������Table 3)
• During the consolidation phase: 3 (13.6%) patients had TRAEs 

 — 7ZR��������SDWLHQWV�KDG�JUDGH�����75$(V�RI�GHFUHDVHG�O\PSKRF\WH�FRXQW�DQG�HQWHULWLV� 
(n = 1 each)

 — 2QH��������SDWLHQW�KDG�D�VHULRXV�75$(�RI�JUDGH�����HQWHULWLV�ZKLFK�ZDV�QRW�LQ�WKH�UDGLDWLRQ�ÀHOG
• Overall, 2 patients experienced serious AEs leading to discontinuation (rash, n = 1, induction 

SKDVH��S\UH[LD�DQG�DFXWH�NLGQH\�LQMXU\��Q� ����LQWHQVLÀFDWLRQ�SKDVH��
• Immune-mediated TRAEs occurred in 6 (21.4%) patients during induction and 1 (16.7%) patient 

GXULQJ�LQWHQVLÀFDWLRQ
 — One patient had grade 3/4 rash during induction

• )LYH���������SDWLHQWV�KDG�LQIXVLRQ�UHODWHG�UHDFWLRQV��DOO�ZHUH�JUDGH�����DQG�RFFXUUHG�GXULQJ�LQGXFWLRQ
• )HZ�SDWLHQWV�H[SHULHQFHG�KHPDWRORJLF�75$(V��DQHPLD�>����@��IHEULOH�QHXWURSHQLD�>����@��

OHXNRSHQLD�>����@��QHXWURSHQLD�>����@��RU�WKURPERF\WRSHQLD�>����@�

(IÀFDF\
• ()6�UDWH��SHU�%,&5��DW���\HDUV�ZDV������������&,�������²�������IRU�DOO�WUHDWHG�SDWLHQWV��Figure 5)

 — 2 patients failed to achieve CMR after 4 cycles of nivolumab plus BV and 2 cycles of BV plus 
EHQGDPXVWLQH����SDWLHQW�VKRZHG�SURJUHVVLRQ�DQG�ZDV�ORVW�WR�IROORZ�XS

• 3)6�UDWH��SHU�%,&5��DW���\HDUV�ZDV������������&,�������²�������IRU�DOO�WUHDWHG�SDWLHQWV��Figure 5)
 — ��SDWLHQW�VKRZHG�SURJUHVVLRQ�DQG�ZDV�ORVW�WR�IROORZ�XS

• 0HGLDQ�'25�ZDV�QRW�UHDFKHG�����RI�SDWLHQWV�KDG�VXVWDLQHG�UHVSRQVH�DW����PRQWKV�RI�IROORZ�XS

,QWURGXFWLRQ
• 0RVW�FKLOGUHQ��DGROHVFHQWV��DQG�\RXQJ�DGXOWV��&$<$��ZLWK�FODVVLF�+RGJNLQ�O\PSKRPD��F+/��DUH�

FXUHG�ZLWK�ÀUVW�OLQH�WUHDWPHQW�
• 5HPLVVLRQ�LQGXFWLRQ�IROORZHG�E\�KLJK�GRVH�FKHPRWKHUDS\��+'&7��DQG�DXWRORJRXV�KHPDWRSRLHWLF�

VWHP�FHOO�WUDQVSODQWDWLRQ��DXWR�+&7��LV�FRQVLGHUHG�VWDQGDUG�IRU�PDQ\�&$<$�DQG�DGXOW�SDWLHQWV�ZLWK�
UHODSVHG�UHIUDFWRU\��5�5��F+/1,2

 — 3DWLHQWV�ZLWK�5�5�F+/�VDOYDJHG�ZLWK�+'&7�DQG�DXWR�+&7�KDYH�LQFUHDVHG�ODWH�PRUELGLW\�DQG�
PRUWDOLW\�FRPSDUHG�ZLWK�WKH�JHQHUDO�SRSXODWLRQ3

 — 6RPH�SDWLHQWV�ZLWK�ORZ�ULVN�UHODSVHG�F+/�FDQ�EH�FXUHG�ZLWKRXW�+'&7�DXWR�+&7��EXW�WKHUH�LV�
no established standard treatment approach for this group2

• 1HZ�VDOYDJH�VWUDWHJLHV�DLP�WR�DWWDLQ�KLJK�HYHQW�IUHH�VXUYLYDO��()6��UDWHV�ZKLOH�PLQLPL]LQJ�ORQJ�
term toxicity2,4 

• 1LYROXPDE��DQ�DQWL²SURJUDPPHG�GHDWK���LPPXQH�FKHFNSRLQW�LQKLELWRU��LQ�FRPELQDWLRQ�ZLWK�
EUHQWX[LPDE�YHGRWLQ��%9���DQ�DQWLERG\²GUXJ�FRQMXJDWH�WDUJHWLQJ�&'����KDV�GHPRQVWUDWHG�D�
promising complete response (CR) rate of 67% and an objective response rate (ORR) of 85% as  
ÀUVW�VDOYDJH�UHJLPHQ�LQ�DGXOW�SDWLHQWV�ZLWK�5�5�F+/5

 — BV plus bendamustine has also demonstrated a high CR rate (74%) and ORR (93%) in this setting6

 — ,Q�WKH�SKDVH���&KHFN0DWH������1&7����������VWXG\��&$<$�ZLWK�5�5�F+/�ZHUH�WUHDWHG�ZLWK�D�
ULVN�VWUDWLÀHG��UHVSRQVH�DGDSWHG�DSSURDFK�XVLQJ�QLYROXPDE�SOXV�%9�LQGXFWLRQ�ZLWK�%9�SOXV�
EHQGDPXVWLQH�LQWHQVLÀFDWLRQ�IRU�SDWLHQWV�ZLWK�VXERSWLPDO�UHVSRQVH
• In the recently published R2 (standard-risk) cohort, 94% of patients achieved complete 

PHWDEROLF�UHVSRQVH��&05��EHIRUH�FRQVROLGDWLRQ�ZLWK�+'&7�DXWR�+&7�DQG�����RI�SDWLHQWV�
DFKLHYHG�&05�DIWHU�QLYROXPDE�SOXV�%9�LQGXFWLRQ�ZLWKRXW�FRQYHQWLRQDO�FKHPRWKHUDS\�
(bendamustine)7

• 7KLV�WULDO�XVHV�D�ULVN�VWUDWLÀHG��UHVSRQVH�EDVHG�DSSURDFK�WR�PLQLPL]H�WR[LFLW\�LQ�WKH�WUHDWPHQW�RI�
ORZ�ULVN�UHODSVHG�F+/�E\�RPLWWLQJ�+'&7�DQG�DXWR�+&7

Methods
• &KHFN0DWH�����ZDV�D�SKDVH���VWXG\�HYDOXDWLQJ�D�ULVN�VWUDWLÀHG��UHVSRQVH�DGDSWHG�DSSURDFK�ZLWK�

QLYROXPDE�SOXV�%9��IROORZHG�E\�%9�SOXV�EHQGDPXVWLQH�IRU�SDWLHQWV�ZLWK�VXERSWLPDO�UHVSRQVH
• &$<$�ZLWK�UHODSVHG�F+/�UHFHLYHG���F\FOHV�RI�QLYROXPDE�+ BV induction (Figure 1)

 — Patients in CMR received 2 more cycles of nivolumab +�%9�DQG�FRQVROLGDWLRQ�ZLWK�LQYROYHG�VLWH�
radiotherapy (ISRT) 

 — 3DWLHQWV�QRW�LQ�&05�UHFHLYHG�LQWHQVLÀFDWLRQ�ZLWK�%9�+ bendamustine; if in CMR, they received ISRT

• ISRT modalities
 — &RQYHQWLRQDO��FRQIRUPDO��DQG�LQWHVLW\�PRGXODWHG�UDGLRWKHUDS\��57��WHFKQLTXHV�ZHUH�SHUPLWWHG�
 — 3URWRQ�WKHUDS\�ZDV�SHUPLWWHG

• Key eligibility criteria included:
 — �²���\HDUV�RI�DJH
 — ����F\FOHV�RI�ÀUVW�OLQH�DQWKUDF\FOLQH�EDVHG�V\VWHPLF�WUHDWPHQW
 — .DUQRIVN\�RU�/DQVN\�SHUIRUPDQFH�VWDWXV�� 50
 — No prior checkpoint inhibitor, bendamustine, or transplantation

• 1R�SULRU�57�ZLWKLQ���ZHHNV��RU�FKHVW�UDGLDWLRQ�ZLWKLQ����ZHHNV�
• 3ULRU�WKHUDS\�ZLWK�%9�ZDV�SHUPLWWHG

 — 1R�DXWRLPPXQH�GLVHDVH�RU�LPPXQRGHÀFLHQF\
• 3DWLHQWV�ZHUH�DVVLJQHG�WR�WKH�5��FRKRUW�EDVHG�RQ�WKH�FULWHULD�LQ�Table 1
• )RU�&05�UDWH�DQG�255��WKH�H[DFW���VLGHG�����&,�ZDV�FDOFXODWHG�EDVHG�RQ�WKH�&ORSSHU²3HDUVRQ�

method
• ()6�DQG�3)6�UDWHV�ZHUH�HVWLPDWHG�XVLQJ�WKH�.DSODQ²0HLHU�SURGXFW�OLPLW�PHWKRG��DQG�����&,�

GHULYHG�EDVHG�RQ�WKH�*UHHQZRRG�IRUPXOD�IRU�YDULDQFH�GHYLDWLRQ�DQG�RQ�ORJ²ORJ�WUDQVIRUPDWLRQ�
applied on the survivor function

Results
%DVHOLQH�FKDUDFWHULVWLFV�DQG�WUHDWPHQW�H[SRVXUH
• $�WRWDO�RI����SDWLHQWV�ZHUH�HQUROOHG�DQG�WUHDWHG�ZLWK�QLYROXPDE�+ BV (Figure 3)

• 0HGLDQ��UDQJH��DJH�ZDV������²����\HDUV��Table 2)
 — Most (64%) patients had stage II disease at relapse
 — 2 patients had prior RT

• In the induction phase, 92.9% and 96.4% of patients received relative dose intensity � 90% to  
< 110% of nivolumab and BV, respectively 

7DEOH����5LVN�VWUDWLÀFDWLRQ�DOJRULWKP�

Stage at initial 
diagnosis

7LPH�WR�UHODSVH�
�IURP�HQG�RI�WKHUDS\�

%�V\PSWRPV�RU�H[WUDQRGDO�GLVHDVH�DW�UHODSVH�� 
H[WHQVLYH�GLVHDVH�ZKHUH�57�ZDV�FRQWUDLQGLFDWHG�
DW�UHODSVH��RU�UHODSVH�LQ�SULRU�UDGLDWLRQ�ÀHOG

5HODSVH�ULVN�
FDWHJRU\

IA, IIA
�����PRQWKV

No R1 cohort:  
ORZ�ULVN

�²���PRQWKV
�����F\FOHV�DQG�QR�57�

IB, IIB, IIIA > 12 months No

All others R2 cohort: 
standard riska

aResults from the R2 cohort are published.7

7DEOH����0RVW�FRPPRQ�75$(V�������IRU�DW�OHDVW���SDWLHQW��

6\VWHP�RUJDQ�FODVV�
SUHIHUUHG�WHUP

,QGXFWLRQ��Q� ���� ,QWHQVLÀFDWLRQ��Q� ���

$Q\�JUDGH Grade 3/4 $Q\�JUDGH Grade 3/4

3DWLHQWV�ZLWK�DQ\�75$( ���������� �������� �������� 0

75$(V�LQ�����SDWLHQWV�LQ�HLWKHU�SKDVH

6NLQ�DQG�VXEFXWDQHRXV�WLVVXH�GLVRUGHUV
Alopecia
Maculopapular rash
Pruritus

���������
4 (14.3)
2 (7.1)
2 (7.1)

��������
0

1 (3.6)
0

��������
0

1 (16.7)
0

0
0
0
0

,QYHVWLJDWLRQV
Increased alanine aminotransferase
Increased aspartate aminotransferase
Increased blood bilirubin

���������
6 (21.4)
4 (14.3)
2 (7.1)

��������
1 (3.6)
2 (7.1)

0

0
0
0
0

0
0
0
0

General disorders
Asthenia
Fatigue
Pyrexia

��������
3 (10.7)
3 (10.7)
2 (7.1)

0
0
0
0

��������
0
0

1 (16.7)

0 
0
0
0

Gastrointestinal disorders
Nausea
Diarrhea
Constipation

��������
4 (14.3)
3 (10.7)
3 (10.7)

0
0
0
0

��������
1 (16.7)
1 (16.7)

0

0 
0
0
0

1HUYRXV�V\VWHP�GLVRUGHUV
+HDGDFKH

��������
5 (17.9)

0
0

0
0

0
0

,PPXQH�V\VWHP�GLVRUGHUV
+\SHUVHQVLWLYLW\

��������
4 (14.3)

0
0

0
0

0
0

,QMXU\��SRLVRQLQJ��SURFHGXUDO�FRPSOLFDWLRQV
Infusion-related reaction

��������
5 (17.9)

0
0

0
0

0
0

%ORRG�DQG�O\PSKDWLF�V\VWHP�GLVRUGHUV
Anemia

��������
2 (7.1)

�������
0

0
0

0
0

0XVFXORVNHOHWDO�DQG�FRQQHFWLYH�WLVVXH�GLVRUGHUV
Pain in extremity

��������
4 (14.3)

0
0

0
0

0
0

(QGRFULQH�GLVRUGHUV
+\SHUWK\URLGLVP

�������
2 (7.1)

0
0

0
0

0
0

'DWD�DUH�Q�����XQOHVV�RWKHUZLVH�VWDWHG��1R�JUDGH���$(V��'XULQJ�FRQVROLGDWLRQ�SKDVH��QR�$(V�RFFXUUHG�LQ�����SDWLHQWV�

7DEOH����%DVHOLQH�GHPRJUDSKLFV�DQG�GLVHDVH�FKDUDFWHULVWLFV�

&KDUDFWHULVWLF $OO�WUHDWHG��Q� ����

$JH��PHGLDQ��UDQJH���\HDUV
< 18 years of age

�����²���
18 (64)

Male 10 (36)

.DUQRIVN\�SHUIRUPDQFH�VWDWXV��PHGLDQ��UDQJH� �������²����

6WDJH�DW�UHODSVH

I 6 (21.4)

II 18 (64.3)

III 4 (14.3)

5HVSRQVH�WR�
SULRU�OLQH�RI�WKHUDS\

5HODSVHGa

3 to < 12 months
�����PRQWKV

28 (100.0)
5 (17.9)
23 (82.1)

)LUVW�OLQH�UHJLPHQ

2(3$�&23'$&
$%9'
Otherb

2(3$
$%9(�3&
$%9(

14 (50.0)
5 (17.9)
4 (14.2)
2 (7.1)
2 (7.1)
1 (3.6)

Prior RT 2 (7.1)

'DWD�DUH�Q�����XQOHVV�RWKHUZLVH�QRWHG��
a$FKLHYHG�&5�WR�SULRU�WKHUDS\�WKHQ�H[SHULHQFHG�GLVHDVH�SURJUHVVLRQ�����PRQWKV�DIWHU�FRPSOHWLRQ�RI�WKDW�WKHUDS\����SDWLHQW�
LQLWLDOO\�FDOOHG�DV�KDYLQJ�UHIUDFWRU\�GLVHDVH�GXH�WR�ODFN�RI�LPDJLQJ�FRQÀUPDWLRQ��b2WKHU�LQFOXGHV�2(3$�&23'$&�ZLWKRXW�VWHURLG�
(2 patients), OCPA (1 patient), and AMPV (1 patient).
$%9'��GR[RUXELFLQ��EOHRP\FLQ��YLQEODVWLQH��GDFDUED]LQH��$%9(��GR[RUXELFLQ��EOHRP\FLQ��YLQFULVWLQH��HWRSRVLGH��$039��GR[RUXELFLQ��
C233��F\FORSKRVSKDPLGH��YLQFULVWLQH��SURFDUED]LQH��SUHGQLVRQH���&23'$&��F\FORSKRVSKDPLGH��YLQFULVWLQH��SUHGQLVRQH��GDFDUED]LQH��
PC, prednisone, cyclophosphamide; OCPA, vincristine, cyclophosphamide, prednisone, doxorubicin; OEPA, vincristine, etoposide, 
prednisone, doxorubicin. 

)LJXUH����6WXG\�GHVLJQ�RI�&KHFN0DWH������5��FRKRUW�

Nivolumab + BV
× 2 cycles

Nivolumab + BV
× 2 cycles

PET-CT/MRI

PET-CT/MRI

Nivolumab + BV 
× 2 cycles

Follow-up

BV + bendamustine 
× 2 cycles

ISRT (30.0-30.6 Gy)b

PMDa

PMDa

PMRa

NMR
PMD

PMR, NMR

CMR

Consolidation

CMR

Real-time BICR

PET-CT/MRI

In
du

ct
io

n
In

te
ns

if
ic

at
io

n

Primary endpoints
• CMR rate per BICR at any 
 time prior to RT
• EFS rate per BICR at 3 yearsc

Secondary endpoints
• ORR per BICR and 
 investigator after 
 4 nivolumab + BV induction 
 cycles
• PFS rate per BICR at 3 years
• DOR
• Safety of nivolumab + BV

CMR: defined as Deauville score 
����SHU�/XJDQR������FULWHULD

Chemotherapy/immunotherapy
Nivolumab 3 mg/kg 
�GD\���F\FOH����GD\���IRU�RWKHUV��

%9�����PJ�NJ�
�GD\���RI�HYHU\�F\FOH�

%HQGDPXVWLQH����PJ�P� 
�GD\V���DQG���

aTreatment beyond progression may be approved by study medical monitor; b1.5-1.8 Gy per day, treatment given 5 days 
SHU�ZHHN�RYHU���²���VHVVLRQV��QR�ODWHU�WKDQ���ZHHNV�IURP�VWDUW�RI�ODVW�FKHPRWKHUDS\�F\FOH��:KHUH�GLVHDVH�UHFXUV�ZLWKLQ� 
���PRQWKV�RI�LQLWLDO�FKHPRWKHUDS\��WKH�,657�ÀHOG�WKDW�FRQWDLQV�DOO�3(7�DYLG�GLVHDVH�VLQFH�WKH�RULJLQDO�GLDJQRVLV�ZDV�
LQFOXGHG�LQ�WKH�,79��ZLWK�D�YROXPH�UHGXFWLRQ�DIWHU����*\������*\�IUDFWLRQ��RU������*\������*\�IUDFWLRQ��SKDVH�����WR�MXVW�
WKH�,657�ÀHOG�EDVHG�RQ�LQYROYHG�VLWHV�DW�UHODSVH�IRU�WKH�UHPDLQLQJ�����*\������*\�IUDFWLRQ��RU������*\������*\�IUDFWLRQ��
phase 2); c&RPSRVLWH�HYHQWV�LQFOXGH�+'&7�IROORZHG�E\�DXWR�+&7��GLVHDVH�SURJUHVVLRQ�SHU�/XJDQR������FULWHULD��IDLOXUH�WR�
achieve CMR after 4 cycles of nivolumab plus BV and 2 cycles of BV plus bendamustine, secondary malignancy, or death 
due to any cause.
%,&5��EOLQGHG�LQGHSHQGHQW�FHQWUDO�UHYLHZ��'25��GXUDWLRQ�RI�UHVSRQVH��,79��LQWHUQDO�WDUJHW�YROXPH��105��QR�PHWDEROLF�
response; PET-CT, positron emission tomography/computed tomography; PFS, progression-free survival; PMD, progressive 
metabolic disease; PMR, partial metabolic response.

)LJXUH����3DWLHQW�GLVSRVLWLRQ

Nivolumab + BV 
× 2 cycles (n = 28)

Nivolumab + BV 
× 2 cycles (n = 27)

BV + bendamustine 
× 2 cycles (n = 6)

Follow-up (n = 27)

3 patients proceeded directly
to follow-upc 

(CMRd/PMR per BICR)

1 patient discontinued
due to study drug toxicitya

and was lost to follow-up

2 patients proceeded
directly to follow-upg

ISRTf (n = 22)

PMR, NMRb

(n = 6)

Consolidation

CMR
(n = 21)

CMR
(n = 19)
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Nivolumab + BV 
× 2 cycles (n = 21)

CMR
(n = 3)e

1R�SDWLHQWV�UHFHLYHG�VXEVHTXHQW�+&7�
aDiscontinued due to rash, this patient achieved CMR and is included in the response-evaluable population per protocol; 
bNMR assessed in 1 patient per BICR only (PMR per investigator), 1 patient had PMR per BICR and CMR per investigator;  
��SDWLHQW�KDG�&05�SHU�%,&5�DQG�LQYHVWLJDWRU�DQG�SURFHHGHG�WR�LQWHQVLÀFDWLRQ��cAll 3 patients received off-protocol ISRT; 
dPMR per investigator and therefore did not continue to consolidation; e1 patient discontinued after 2 cycles of BV plus 
EHQGDPXVWLQH�LQWHQVLÀFDWLRQ�GXH�WR�WR[LFLW\��IHYHU�DQG�DFXWH�UHQDO�LQVXIÀFLHQF\���EXW�KDG�D�%25�RI�&05�SHU�%,&5�DQG�
continued to ISRT consolidation; f13 patients received intensity-modulated RT/VMAT/TOMO, 5 patients received 
3D-conformal XRT, 4 patients received proton XRT; gBoth patients achieved CMR as BOR (per BICR and investigator), but did 
not proceed to ISRT consolidation. 
BOR, best overall response; TOMO, tomotherapy; VMAT, volumetric-modulated arc therapy; XRT, external RT.

)LJXUH����%HVW�UHGXFWLRQ�IURP�EDVHOLQH�LQ�63'�RI�WDUJHW�OHVLRQV

î���

î��

���

Be
st

 r
ed

uc
ti

on
 f

ro
m

 b
as

el
in

e 
in

SP
D

 o
f 

ta
rg

et
 le

si
on

s,
 %

Patients

�

î��

��

CMR PMR

%DVHG�RQ�63'�RI�WDUJHW�OHVLRQV�DQG�LQFOXGHV�SDWLHQWV�ZLWK�EDVHOLQH�DQG�����RQ�VWXG\�YDOXH��SULRU�WR�SURJUHVVLRQ��FRQVROLGDWLRQ��
or subsequent therapy). Negative value indicates reduction from baseline in SPD.

)LJXUH����&05�DQG�255�SHU�%,&5�DQG�LQYHVWLJDWRU�
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80.0

Pa
ti

en
ts

, 
%

100.0

Any time before ISRT After 4 cycles of induction Any time before ISRT After 4 cycles of induction

BICR
n = 28

Investigator
n = 28

CMR PMR

ORR, 96.4%
90% CI, 84.1%–99.8%

ORR, 100.0%
90% CI, 89.9%–100.0%ORR, 100.0% ORR, 100.0%

CMR, 23 (82.1%)

CMR, 26 (92.9%)
90% CI,

79.2%–98.7% 

CMR, 25 (89.3%)
90% CI,

74.6%–97.0% CMR, 24 (85.7%)

PMR, 2 (7.1%) PMR, 3 (10.7%) PMR, 4 (14.3%)
PMR, 4 (14.3%)

• &KHFN0DWH������D�SKDVH���VWXG\�IRU�&$<$�ZLWK�5�5�F+/��HYDOXDWHG�D�ULVN�VWUDWLÀHG��
UHVSRQVH�DGDSWHG�DSSURDFK�ZLWK�QLYROXPDE�SOXV�%9�LQGXFWLRQ��IROORZHG�E\�%9�SOXV�
EHQGDPXVWLQH�LQWHQVLÀFDWLRQ�IRU�SDWLHQWV�ZLWK�VXERSWLPDO�UHVSRQVH

 – 7KH�5��FRKRUW�DLPHG�WR�GHVFULEH�&05�UDWH�SULRU�WR�57�DQG���\HDU�()6�UDWH�DPRQJ�
SDWLHQWV�ZLWK�ORZ�ULVN�UHODSVHG�F+/�WUHDWHG�ZLWKRXW�DXWR�+&7

• $W�D�PHGLDQ��UDQJH��IROORZ�XS�RI����������²������PRQWKV�

 – &05�UDWH�SHU�%,&5�DW�DQ\�SULRU�WR�,657�ZDV������������&,�������²��������)LJXUH���

 – &05�UDWH�SHU�%,&5�DIWHU���F\FOHV�RI�LQGXFWLRQ�ZDV��������SHU�LQYHVWLJDWRU�� 
LW�ZDV��������)LJXUH���

 – 255�SHU�%,&5�DIWHU���F\FOHV�RI�LQGXFWLRQ�ZDV������������&,�������²�������� 
SHU�LQYHVWLJDWRU��LW�ZDV�������������&,�������²���������)LJXUH���

 – ��\HDU�()6�UDWH�SHU�%,&5�ZDV������������&,������²��������)LJXUH���

• 0RVW�SDWLHQWV�DFKLHYHG�!�����UHGXFWLRQ�IURP�EDVHOLQH�LQ�VXP�RI�SURGXFWV�RI�
GLDPHWHUV��63'��RI�WDUJHW�OHVLRQV��)LJXUH����

• 7KH�ÀQGLQJV�GHPRQVWUDWH�WKDW�PRVW�&$<$�ZLWK�ORZ�ULVN�UHODSVHG�F+/�FDQ�EH�VDOYDJHG�
ZLWK�FKHPRLPPXQRWKHUDS\�ZLWK�D�IDYRUDEOH�WR[LFLW\�SURÀOH��DQG�GR�QRW�UHTXLUH�
+'&7�DXWR�+&7

5HVSRQVH�DGDSWHG�WKHUDS\�ZLWK�QLYROXPDE���EUHQWX[LPDE�YHGRWLQ�ZLWKRXW�DXWRORJRXV�KHPDWRSRLHWLF�VWHP�FHOO�WUDQVSODQWDWLRQ�
LQ�FKLOGUHQ��DGROHVFHQWV��DQG�\RXQJ�DGXOWV�ZLWK�ORZ�ULVN��UHODSVHG�FODVVLF�+RGJNLQ�O\PSKRPD��&KHFN0DWH�����
3DXO�+DUNHU�0XUUD\�1�3HWHU�'��&ROH�2�%UDGIRUG�6��+RSSH�3�'DYLG�+RGJVRQ�4�$XNH�%HLVKXL]HQ�5�1DWKDOLH�*DUQLHU���6DOYDWRUH�%XIIDUGL�7�0DXUL]LR�0DVFDULQ���$QGUHM�/LVVDW�9�$OHY�$N\RO�10�-HQQLIHU�.UDMHZVNL�10�5XVVHOO�&URZH�11  
-X�/L�10�5LFKDUG�$��'UDFKWPDQ�2�.DUD�0��.HOO\�12�7KLHUU\�/HEODQF�13�6WHSKHQ�'DZ14 
1&KLOGUHQ·V�:LVFRQVLQ��0LOZDXNHH��:,��86$��25XWJHUV�&DQFHU�,QVWLWXWH�RI�1HZ�-HUVH\��1HZ�%UXQVZLFN��1-��86$��30D\R�&OLQLF��-DFNVRQYLOOH��)/��86$��4Princess Margaret Cancer Centre, Toronto, ON, Canada; 53ULQFHVV�0i[LPD�&HQWHU�IRU�3HGLDWULF�2QFRORJ\��8WUHFKW��7KH�1HWKHUODQGV��6,QVWLWXW�G·+HPDWRORJLH�
HW�G·2QFRORJLH�3HGLDWULTXH��&+8�GH�/\RQ��/\RQ��)UDQFH��76DQWRERQR�3DXVLOLSRQ�+RVSLWDO��1DSOHV��,WDO\��8$<$�2QFRORJ\�DQG�3HGLDWULF�5DGLRWKHUDS\�8QLW��&HQWUR�GL�5LIHULPHQWR�2QFRORJLFR�,5&&6��$YLDQR��,WDO\��9&KDULWH�8QLYHUVLWDWV�0HGL]LQ��%HUOLQ��*HUPDQ\��10%ULVWRO�0\HUV�6TXLEE��3ULQFHWRQ��1-��86$��
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CAYA with low-risk relapsed cHL can be salvaged with low-toxicity 
chemoimmunotherapy and  consolidation with 30Gy ISRT, 

and do not require HDCT/auto-HCT for cure.

R1  Cohort: 
• IA, IIA relapse ≥ 12 months
• IA, IIA  relapse 3-12 months (≤ 3 cycles and no RT)
• IB, IIB, IIIA relapse >12 m
• No B symptoms or Extra Nodal D
• No extended RT fields required
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uptake, reported in millilitres, and TLG will be calculated 
as [MTV × SUVmean].

PET2 scans will be evaluated by visual analysis on the 
basis of Deauville 5- point scale assigning inadequate 
response (IR) when at least one site shows FDG uptake 
higher than liver uptake (scores 4 and 5). Additionally, 
the variation of SUVmax, determined as the percentage 
reduction between the SUVmax in the tumour site with 
the most intense uptake on PET1 and the SUVmax in 
the tumour site with the most intense uptake on PET2 
(ǻSUVmax),9 will be computed. Similarly, will be calcu-
lated the variation of SUVmean, SUVpeak, MTV and 
TLG, respectively.

Assessment of bulky masses and radiomics analyses
The definition of bulky masses will be determined as spec-
ified in EuroNet- PHL- C2.17 More specifically, a volume of 
a contiguous lymph node mass ≥200 mL, measured by 
the three largest diameters on CT/MRI, will be consid-
ered as bulky. All bulky masses will be outlined using 
different threshold methods, as explained previously, and 
analysed on dedicated software for semiquantitative and 
volumetric parameters. The same software will provide 
textural and shape features for radiomics analyses. The 
entire feature extraction will be performed using the 
freeware Local Image Features Extraction (LIFEx) soft-
ware (http://www. lifexsoft. org).24 25

SUVmax will be defined as the maximum uptake in the 
segmented tumour. SUVmean will be measured as the 
average uptake in the tumour burden. SUVpeak will be 

computed as the average SUV in a 1 mL region of tumour 
burden around the maximal SUV voxel. MTV will be the 
volume of the segmented tumour. TLG will be calculated 
as the product of SUVmean by MTV.

Among shape parameters, asphericity, convexity 
and three- dimensional (3D) fractal dimensions will 
be computed.15 18 26 27 For the characterisation of 
tumour texture, two methods will be used as previously 
reported11 28 29: analysis of the histogram of the voxel 
values within the tumour and the method accounting 
for the spatial arrangement of voxel values. On first- 
order statistics, will be computed SD, entropy, energy, 
kurtosis and skewness. To define the spatial arrangement 
of the voxel values within the tumour, four matrices will 
be computed from each VOI: grey- level co- occurance 
matrix, neighbourhood grey- level different matrix, grey- 
level zone length matrix and grey- level run length matrix. 
All parameters obtainable by the software and possible 
limitations are better detailed at http://www. lifex  soft. 
org.24 25

De!nition of morphological response
In paediatric patients with HL presenting with morpho-
logical partial response on bulky masses and/or residual 
lymph nodes with largest diameter ≥2 cm, a multipara-
metric assessment (ie, SUVmax, SUVmean, SUVpeak, 
MTV, TLG and texture analysis) will be performed. For 
this purpose, the International Working Group consensus 
response evaluation criteria in lymphoma, RECIL 2017, 

Figure 1 Comparative representation of the four segmentation techniques applied in our study protocol illustrated from left 
to right: !xed 41% threshold (V41%); !xed absolute SUV threshold of 2.5 (V2.5); SUVmax(lesion)/SUVmean liver >1.5 (Vliver); 
and adaptative method (AM). The same patient with Hodgkin lymphoma has been analysed according to the above- mentioned 
techniques and corresponding total metabolic tumour volumes (TMTVS) at baseline have been displayed for comparison.

“the RT renaissance goes through different views of the same problem”


