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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.
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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.
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PHL-C2 preliminary data: OS and EFS (EU vs Italy)2 FOLLOW-UP, DOCUMENTATION STATUS, AND DATA MATURITY

2.5 OSV and EFS for all EuroNet-PHL-C2 patients

Figure 5: OSV and EFS overall

Note this figure shows EFS and OSV in all patients. Later analyses of substudy 2 and 3 will focus on randomised TL-2
and TL-3 patients, excluding those that were not randomised.
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Overall results Survival and EFS

EuroNet-PHL-C2

CM Koerholz, D Hasenclever: CONFIDENTIAL 7th Formal interim analysis data as of 2024-02-19 
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PHL-C2 preliminary data: EFS by TL  (EU vs Italy)
3 DESIGN OF EURONET-PHL-C2 AND GENERAL RESULTS RELATED TO ALL SUB-STUDIES TOGETHER

3.4 EFS by TL

Figure 6: EFS by Treatment Level

Note that there are still 5 (TL-1: 1, TL-2: 3, TL-3:1) patients with no valid EFS information.

In C2 the prognosis di�ers by TL. This di�ers from C1.
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EuroNet-PHL-C2

CM Koerholz, D Hasenclever:CONFIDENTIAL 7th Formal interim analysis data as of 2024-02-19 
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PHL-C2 preliminary data: ERA AR vs IR3 DESIGN OF EURONET-PHL-C2 AND GENERAL RESULTS RELATED TO ALL SUB-STUDIES TOGETHER

3.8 ERA AR versus IR is prognostic overall

Figure 8: EFS in TL-2+3 by ERA AR versus IR

ERA PET is prognostic within C2.

This di�ers from C1.

This results suggests that considering Deauville Score 3 adequate response was correct and allowed to select an
unfavoruable group as IR.
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PHL-C2 preliminary data: ERA AR rates by TL

CM Koerholz, D Hasenclever:CONFIDENTIAL 7th Formal interim analysis data as of 2024-01-17 

EuroNet-PHL-C2

3 DESIGN OF EURONET-PHL-C2 AND GENERAL RESULTS RELATED TO ALL SUB-STUDIES TOGETHER

3.6 AR rate by TL
As compared to C1, the definition of AR versus IR changed with Deauville Score DS = 3 considered adequate response.

As a consequence, the AR-rates are much higher. For reference the stricter AR rates in C1 were

TG-1: 61.7% TG-2: 49.6% TG-3: 34.2%

Table 5: AR rates by TL - FAS TL-1 or Randomised

Ntotal=2691 TL-1 %col.1 TL-2 %col.2 TL-3 %col.3 All %All
AR 386 87.3 809 73.3 636 55.5 1831 68
IR 56 12.7 294 26.7 510 44.5 860 32
Nvalid 442 100 1103 100 1146 100 2691 100

As expected the AR rate decreases with more advanced disease (p < 0.00001).

3.7 RTassigned rate by TL and Randoarm
The rates RT assigned di�er from the IR rates, since radiotherapy after DECOPDAC-21 was decided on IR in late
response assignment.

Table 6: RT rates by TL and Armc- in FAS TL-1 or Randomised

Ntotal=2689 TL1 %col.1
TL2-
C %col.2

TL2-
D %col.3

TL3-
C %col.4

TL3-
D %col.5 All %All

noRT 387 87.4 412 75.2 492 88.6 310 54.1 489 85.8 2090 77.7
RT 56 12.6 136 24.8 63 11.4 263 45.9 81 14.2 599 22.3
Nvalid 443 100 548 100 555 100 573 100 570 100 2689 100

TL2-C is shorthand for TL-2 COPDAC-28, TL2-D for TL-2 DECOPDAC-21 etc.

As expected, the RT indication rate increases with more advanced disease and is reduced with the DECOPDAC
strategy.

EuroNet-PHL-C2 CONFIDENTIAL 7th Formal interim analysis data as of 2024-01-17 19 of 58

As expected, the RT indication rate increases with more advanced disease and is reduced with the DECOPDAC.
COPDAC probably is not adeguate to avoid RT in high stage disease.



PHL-C2 preliminary data: ERA-PET AR and IR by random

Phl.italy: CONFIDENTIAL interim analysis data as of 2025-03-30

AR TL2, TL3 cohort (all no RT)

5y PFS AR DECOPDAC 96.4%
5y PFS AR COPDAC 89.9%

IR TL2, TL3 cohort

5y PFS IR DECOPDAC 87.6%
5y PFS IR COPDAC 85.1% (all RT+)

P = 0,03 P = NS

2 SNM: 1 Ca tiroide (+66 mesi) TL3 COPDAC + RT (+boost); 1 Ca tiroide (+72 mesi) TL3 COPDAC, recidiva -> TMO 



Late effects in PEDIATRIC  HODGKIN LYMPHOMA

More than half of the patients (52%) had oligozoospermia or azoospermia at
2 years from cHL diagnosis (particularly boys treated for advanced-stage cHL). 

26.0 vs 64.9, Pà 0.004 and Pà 0.02 according to the linear mixed 
models, respectively). The linear mixed models did not present 
any significant differences in reproductive hormones over time 
when comparing the COPDAC-28/DECOPDAC-21 treatment 
schemes; see Supplementary Table S3.

Pre-pubertal boys
The total number of included samples obtained from pre- 
pubertal boys was 123 (nà26 at diagnosis, nà72 during treat-
ment, nà25 at 2 years post-diagnosis). As expected, median 
serum FSH and inhibin B levels were relatively low at diagnosis 
(FSH: 0.6 IU/l (IQR 0.3; 1.0) and inhibin B: 88.5 ng/l (IQR 75.2; 
123.2)). We observed a small and gradual increase in serum FSH 
and inhibin B levels during treatment and follow-up (estimated 
effect at 2 years post-treatment FSH: 1.5 (95% CI 0.7; 2.2) and in-
hibin B: 43.4 (95% CI 16.4; 58.7), both P< 0.001). After 2 years, me-
dian FSH was 1.8 IU/l (IQR 0.8; 3.1) and inhibin B was 126.0 ng/l 
(IQR 102.0; 179.0).

Serum reproductive markers in boys with normal 
or abnormal sperm concentration
Table 3 includes an overview of measured reproductive hor-
mones in the (post)pubertal boys who delivered sperm at diagno-
sis (nà 45 boys of whom both semen and hormone levels were 

available) and after 2 years (nà 28 boys of whom both semen and 
hormone levels were available). At diagnosis, there were no sta-
tistically significant differences between the reproductive hor-
mones of boys with a normal or abnormal sperm concentration. 
However, at 2 years from diagnosis, the 14 boys with a sperm 
concentration below 15 million had higher FSH (5.0 IU/l vs 
3.1 IU/l, Pà0.18) and lower inhibin B (102.0 ng/l vs 163.5 ng/l, 
Pà 0.04) levels, resulting in lower inhibin B:FSH ratios (24.7 vs 
56.3, Pà 0.06) compared to the 14 boys with normal sperm con-
centration. Nevertheless, 10 out of the 14 boys (71%) with oligo-
zoo/azoospermia still had ‘normal’ FSH <7.6 IU/l, and 7 out of 14 
(50%) had inhibin B levels within normal range.

Discussion
This study prospectively evaluated reproductive markers in boys 
with newly diagnosed cHL and treated according to the European 
EuroNet-PHL-C2 treatment protocol. More than half of the (post) 
pubertal boys (52%) who provided a semen sample had low se-
men concentrations and even more boys had low TMSC (71%) at 
2 years from diagnosis. Serum FSH gradually increased, and in-
hibin B decreased during chemotherapy with subsequent nor-
malization in most (post)pubertal boys (80% when looking at FSH 
recovery and 60% when looking at inhibin B recovery), while FSH 

Figure 2. Sperm parameters at 2 years from childhood classical Hodgkin lymphoma diagnosis, according to assigned treatment level and 
consolidation treatment. Cumulative distribution figures depicting the cumulative proportion of patients with a specific (A) sperm concentration (B) 
progressive sperm motility (C) semen volume or (D) total motile sperm count (TMSC) at 2 years from Hodgkin lymphoma diagnosis. Vertical dashed 
lines indicate WHO reference cutoff values to define abnormal sperm parameters, and the red-marked areas highlight the abnormal range (Cooper 
et al., 2010). TL, treatment level. Assigned treatment was according to the EuroNet-PHL-C2 protocol. TL1 patients received 2Ұ�OEPA±1Ұ�COPDAC-28 
(CED-score à 0–1 g/m2), TL2 patients received 2Ұ�OEPA á 2Ұ�(DE)COPDAC (CED-score à 2–2.5 g/m2), TL3 patients received 2Ұ�OEPA á 4Ұ�(DE)COPDAC 
(CED-score 4–5 g/m2). OEPA, vincristine, etoposide, prednisone, doxorubicin; COPDAC-28, cyclophosphamide, vincristine, prednisone, and dacarbazine; 
DECOPDAC-21, doxorubicin, etoposide, cyclophosphamide, vincristine, prednisone, and dacarbazine. Additional explanation on how to read a 
cumulative distribution figure: each of the cumulative distribution figures illustrates the relationship between the respective assessed sperm 
parameter on the x-axis and the cumulative probability on the y-axis. Each point on the curve represents the cumulative probability of observing a 
value less than or equal to the corresponding value on the x-axis. For instance, consider figure A (semen concentration): for a sperm concentration of 
15 mil/ml on the x-axis, the cumulative probability is 90% for the red line (indicating the TL3-DECOPDAC-21 treatment arm). This implies that ⇠90% of 
the assessed sperm concentrations in this specific subgroup are 15ܓ mil/ml.
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ABSTRACT 

STUDY QUESTION: What is the impact of the EuroNet-PHL-C2 treatment for boys with classical Hodgkin lymphoma (cHL) on se-
men parameters?

SUMMARY ANSWER: More than half of the patients (52%, nà16/31) had oligozoospermia or azoospermia at 2 years from cHL diag-
nosis; particularly boys treated for advanced-stage cHL had low sperm counts and motility.

WHAT IS KNOWN ALREADY: Chemotherapy and radiotherapy to the inguinal region or testes can impair spermatogenesis and re-
sult in reduced fertility. The EuroNet-PHL-C2 trial aims to minimize radiotherapy in standard childhood cHL treatment, by intensify-
ing chemotherapy. The present study aims to assess the (gonadotoxic) impact of this treatment protocol on semen parameters and 
reproductive hormones in boys aged 18ܓ years.

STUDY DESIGN, SIZE, DURATION: This international, prospective, multi-centre cohort study was an add-on study to the random-
ized phase-3 EuroNet-PHL-C2 trial, where the efficacy of standard cHL treatment with OEPA-COPDAC-28 (OEPA: vincristine, etopo-
side, prednisone, and doxorubicin; COPDAC-28: cyclophosphamide, vincristine, prednisone, and dacarbazine) was compared to 
intensified OEPA-DECOPDAC-21 chemotherapy (DECOPDAC-21: COPDAC with additional doxorubicin and etoposide and 25% more 
cyclophosphamide). Patients were recruited between January 2017 and September 2021.

PARTICIPANTS/MATERIALS, SETTING, METHODS: Eligibility criteria included male patients, diagnosed with classical HL before or 
at the age of 18 years, and treated according to the EuroNet-PHL-C2 protocol in any of the 18 participating sites in the Netherlands, 
Germany, Belgium, Czech Republic, and Austria. Sperm parameters (sperm concentration, progressive motility, sperm volume, and 
calculated total motile sperm count) were assessed at diagnosis and 2 years after diagnosis in (post)pubertal boys. Laboratory meas-
urements (serum follicle-stimulating hormone (FSH) and inhibin B) were performed in samples drawn at diagnosis, during treatment 
(2–3 times), and at 2 years post-diagnosis, and (age-adjusted) analyses were conducted separately for pre-pubertal and (post)pubertal 
boys. Outcomes were compared between the treatment levels (TL1, TL2, and TL3) and consolidation treatment schemes (COPDAC-28 
and DECOPDAC-21).

MAIN RESULTS AND THE ROLE OF CHANCE: In total, 101 boys were included in the present analysis: 73 were (post)pubertal (median 
age 15.4 years, (IQR 14.4; 16.6), 10 TL1, 29 TL2, 34 TL3, 62% of TL2/3 patients received COPDAC-28) and 28 boys were pre-pubertal (me-
dian age 9.6 years (IQR 6.6; 11.4), 4 TL1, 7 TL2, 17 TL3, 38% of TL2/3 patients received COPDAC-28). The study included six boys who 
had received pelvic radiotherapy; none were irradiated in the inguinal or testicular area. At diagnosis, 48 (post)pubertal boys deliv-
ered semen for cryopreservation; 19 (40%) semen samples were oligospermic and 4 (8%) were azoospermic. Low sperm concentration 
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ABSTRACT 

STUDY QUESTION: What is the impact of the EuroNet-PHL-C2 treatment protocol for children with classical Hodgkin lymphoma 
(cHL) on gonadal function in girls, based on assessment of serum anti-M�ullerian hormone (AMH)?

SUMMARY ANSWER: Serum AMH levels decreased after induction chemotherapy and increased during subsequent treatment and 
2 years of follow-up, with lowest levels in patients treated for advanced stage cHL.

WHAT IS KNOWN ALREADY: Treatment for cHL, particularly alkylating agents and pelvic irradiation, can be gonadotoxic and result 
in premature reduction of primordial follicles in females. The current EuroNet-PHL-C2 trial aims to reduce the use of radiotherapy in 
standard childhood cHL treatment, by intensifying chemotherapy. This study aims to assess the gonadotoxic effect of the EuroNet- 
PHL-C2 protocol.

STUDY DESIGN, SIZE, DURATION: This international, prospective, multicenter cohort study is embedded in the EuroNet-PHL-C2 
trial, an European phase-3 treatment study evaluating the efficacy of standard cHL treatment with OEPA-COPDAC-28 (OEPA: vincris-
tine, etoposide, prednisone, and doxorubicin; COPDAC-28: cyclophosphamide, vincristine, prednisone, and dacarbazine) versus in-
tensified OEPA-DECOPDAC-21 (DECOPDAC-21: COPDAC with additional doxorubicin and etoposide and 25% more cyclophosphamide) 
in a randomized setting. Participants were recruited between January 2017 and September 2021.

PARTICIPANTS/MATERIALS, SETTING, METHODS: Female patients aged 18ܓ years, treated according to the EuroNet-PHL-C2 proto-
col for cHL were recruited across 18 sites in the Netherlands, Belgium, Germany, Austria, and Czech Republic. All parents and 
patients (aged 12ܔ years old) provided written informed consent. Serum AMH levels and menstrual cycle characteristics were evalu-
ated over time (at diagnosis, one to three times during treatment and 2 up to 5 years post-diagnosis) and compared between 
treatment-levels (TL1, TL2, and TL3) and treatment-arms (OEPA-COPDAC-28 and OEPA-DECOPDAC-21). Serum samples obtained 
from patients after receiving pelvic radiotherapy were excluded from the main analyses.

MAIN RESULTS AND THE ROLE OF CHANCE: A total of 104 females, with median age at diagnosis of 15.6 years (IQR 13.7; 17.0), were 
included in the analysis. Ninety-nine were (post)pubertal. Eighteen girls were diagnosed with an early stage of cHL (TL1) and 86 with 
intermediate or advanced stage disease (50 TL2 and 36 TL3, 66% received COPDAC-28 and 34% DECOPDAC-21). Five patients received 
pelvic radiotherapy. Median AMH level at diagnosis was 1.7 mg/l (IQR 0.9; 2.7). After two courses of OEPA chemotherapy, AMH levels 
decreased substantially in all patients (98% <0.5 mg/l), followed by a significant increase during the consolidation treatment and 
follow-up. After 2 years, 68% of patients reached their baseline AMH value, with overall median recovery of 129% (IQR 75.0; 208.9) 
compared to baseline measurement. Five patients (7%) had AMH <0.5 mg/l. In patients treated for advanced stage disease, AMH levels 
remained significantly lower compared to early- or intermediate stage disease, with median serum AMH of 1.3 mg/l (IQR 0.8; 2.1) after 
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treatment levels (intercept T4: estimated effect for TL3 versus 
TL2 GMR 0.40 (95% CI 0.22; 0.73), Pà0.003, estimated effect for 
TL3 versus TL1 GMR 0.36 (95% CI 0.16; 0.77), Pà 0.009).

When considering AMH recovery, 68% of all patients reached 
their baseline AMH (nà 46/68), with an overall median observed 
recovery of 129% (IQR 75.0; 208.9). More specifically, in the ad-
vanced stage TL3 group, 10 out of 20 patients (50%) achieved 
their baseline AMH value and median recovery was 94% (IQR 
34.0; 168.6), compared to 24 out of 33 patients (73%) and a me-
dian recovery of 139% (IQR 99.5; 225.0) in the TL2 group (Pà0.17 
reached baseline, Pà0.06 median recovery, respectively) 
(Supplementary Table S1). Furthermore, after 2 years, there were 
no significant differences in median AMH levels and the observed 
recovery rates between the COPDAC-28 and DECOPDAC-21 
schemes (AMH: T4 estimated effect for DECOPDAC-21 GMR 1.14 
(95% CI 0.65; 1.99), Pà 0.654, median recovery COPDAC-28 136% 
(IQR 99.9; 209.3) versus DECOPDAC-21 117% (IQR 63.5; 207.4), 
Pà 0.16 respectively). Unadjusted median AMH after 2 years was 
lower among the patients who had received pelvic radiotherapy 
compared to those who were not irradiated (in the pelvic area) 
(median AMH 0.5 mg/l, IQR 0.3; 0.8, nà4 versus 2.1 mg/l (1.1; 3.8) 
nà73, Pà 0.011). However, the irradiated patients also had re-
markably low AMH levels before treatment (AMH 0.3 mg/l, IQR 
0.2; 0.5, versus 1.6 mg/l, IQR 1.0; 2.8, Pà 0.003). The patients who 
received pelvic radiotherapy all had advanced stage cHL (all TL3 
with inadequate treatment response).

A total of 12 T5 samples were included in the analyses, with a 
median time since diagnosis of 3.0 years (range 2.3–5.2 years). 
The observed median AMH T5 level appeared lower in patients of 

the DECOPDAC-21 scheme, when compared to those treated with 
COPDAC-28 (2.2 mg/l (1.2; 4.6) in five patients receiving 
DECOPDAC-21 and 4.0 mg/l (1.9; 9.8) in five patients receiving 
COPDAC-28, respectively). However, the sample size was fairly 
limited and no statistically significant differences were observed 
in the linear mixed models (intercept T5: estimated effect for 
DECOPDAC-21 versus COPDAC-28 GMR 1.00 (95% CI 0.33; 
3.01), Pà 0.994).

Menstrual cycle characteristics and hormonal 
co-treatment
Data on the menstrual cycle characteristics at diagnosis and dur-
ing follow-up are presented in Supplementary Table S2. 
Contraceptives and GnRH-analogues were prescribed to 38 (44%) 
and 17 (20%) post-menarchal girls during treatment, respectively. 
Out of the 35 post-menarchal girls who were not taking any con-
traceptives or GnRH-analogues, 19 (54%) experienced treatment- 
induced amenorrhea. Self-reported regularity of the menstrual 
cycle at 2 years post-diagnosis was known in 89 girls. The men-
strual cycle was regular in 33 girls, irregular in 14 girls and absent 
in 2 girls (i.e. nà 1 TL3-COPDAC-28 and nà 1 TL3-DECOPDAC- 
21). Thirty-four girls used hormonal contraceptives, and the 
remaining six had not yet experienced their menarche. There 
were no statistically significant differences in the occurrence of 
treatment-induced amenorrhea and regularity of the menstrual 
cycle during follow-up between the COPDAC-28 and DECOPDAC- 
21 treatment schemes.

Discussion
This study prospectively assessed markers of gonadal function 
among girls treated for newly diagnosed cHL according to the 

Figure 2. Serum anti-M�ullerian hormone (AMH) during treatment for 
childhood classical Hodgkin lymphoma and follow-up, compared 
between treatment levels. Boxplots depicting the distribution of 
uncorrected serum AMH levels from diagnosis up to 5 years post- 
diagnosis, including the median (centerline), interquartile range (end of 
the box) and range (end of the whiskers). Separate dots are outliers. 
Patients within TL1 are shown in green, TL2 in purple and TL3 in red. TL, 
treatment level; N, number. Timing sampling: T0, at diagnosis; T1, after 
2Ұ�OEPA; T1b, after 1Ұ�COPDAC-28; T2, after 2Ұ�(DE)COPDAC; T3, after 
4Ұ�(DE)COPDAC; T4, 2 years post-diagnosis; T5, 5 years post-diagnosis or 
as soon as the patient turned 18 years old. Assigned treatment was 
according to the EuroNet-PHL-C2 protocol (see treatment-flow in 
Supplementary Fig. S1). TL1 patients received 2 Ұ�OEPA ± 1Ұ�COPDAC, 
TL2 patients received 2 Ұ�OEPA á 2 Ұ�(DE)COPDAC, TL3 patients received 
2 Ұ�OEPA á 4Ұ�(DE)COPDAC. OEPA, vincristine, etoposide, prednisone, 
doxorubicin; COPDAC-28, cyclophosphamide, vincristine, prednisone 
and dacarbazine; DECOPDAC-21, doxorubicin, etoposide, 
cyclophosphamide, vincristine, prednisone and dacarbazine. A total of 
five patients in the TL3 group received pelvic radiotherapy. Samples 
drawn in these patients after receiving radiotherapy (nà 4 T4 samples 
and nà 1 T5 sample) were excluded from the analyses.

Figure 3. Serum anti-M�ullerian hormone (AMH) during treatment for 
childhood classical Hodgkin lymphoma and follow-up, compared 
between COPDAC-28 and DECOPDAC-21 treatment schemes. Boxplots 
depicting the distribution of uncorrected serum AMH levels from 
diagnosis up to 5 years post-diagnosis, including the median (centerline), 
interquartile range (end of the box) and range (end of the whiskers). 
Separate dots are outliers. TL2/TL3 Patients who received COPDAC-28 
consolidation are shown in blue and DECOPDAC-21 patients in orange. 
TL, treatment level; N, number. Timing sampling: T0, at diagnosis; T1, 
after 2 Ұ�OEPA; T2, after 2 Ұ�(DE)COPDAC; T3, after 4 Ұ�(DE)COPDAC; T4, 
2 years post-diagnosis; T5, 5 years post-diagnosis or as soon as the 
patient turned 18 years old. Assigned treatment was according to the 
EuroNet-PHL-C2 protocol (see treatment-flow in Supplementary Fig. S1). 
TL2 patients received 2 Ұ�OEPA á 2Ұ�(DE)COPDAC, TL3 received 2Ұ�OEPA 
á 4Ұ�(DE)COPDAC. OEPA, vincristine, etoposide, prednisone, 
doxorubicin; COPDAC-28, cyclophosphamide, vincristine, prednisone 
and dacarbazine; DECOPDAC-21, doxorubicin, etoposide, 
cyclophosphamide, vincristine, prednisone and dacarbazine. A total of 
five patients in the TL3 group received pelvic radiotherapy. Samples 
drawn in these patients after receiving radiotherapy (nà 4 T4 samples 
and nà 1 T5 sample) were excluded from the analyses.
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Serum AMH levels decreased after induction chemotherapy and
increased during subsequent treatment and 2 years of follow-up, with
lowest levels in patients treated for advanced stage cHL.



Frontline clinical trials design for ped AYA cHL
before and after the introduction of novel IT agents 

vinblastine, and dacarbazine (ABVD), which was not previ-
ously used in pediatrics because of suboptimal efficacy for
disease control in the intermediate- and high-risk setting.

However, the ease of administration of ABVD is an important
consideration for optimal care delivery, and the widely used
regimen has been acceptable in real-world studies of patients
with both early- and advanced-stage diseases.15-17

Over the past decade, efforts to intensify therapy among
pediatric patients with intermediate- and high-risk cHLs and
among those with PET-defined slow-responding disease
have been less successful and continued todepend onRT, thus
highlighting the need for new approaches. For pediatric pa-
tients with advanced-stage or high-risk disease in North
America, recent frontline trials have demonstrated the safety
and efficacy of conventional chemotherapy in conjunction
with the CD30-directed antibody drug conjugate brentuximab
vedotin (Bv)18,19 or with the PD-1 blockade with checkpoint
inhibitors.20,21 In regimens that include these novel agents,
bleomycin is now omitted and there is a substantial reduction
in RT exposure. Ongoing trials are evaluating these agents in
response-adapted regimens for early-stage disease.22-24

In 2021, the National Comprehensive Cancer Network
(NCCN) published the first pediatric specific guidelines for
management of HL,8 with updates in 2023 to reflect the
rapidly evolving landscape of immune-oncologic (I-O)
therapy and tailored RT approaches. The guidelines em-
phasize the importance of offering patients clinical trials. In
cHL, current trials for initial diagnosis aim to (1) reduce the
dose and fields for RT, thereby decreasing the exposure to
normal tissue; (2) limit exposure to cardiotoxic chemo-
therapy; (3) expedite inclusion of novel agents for younger
patients through collaborations across the National Cancer
Institute (NCI) National Clinical Trials Network (NCTN)17 and
internationally; (4) incorporate and address patient-
reported symptoms and quality-of-life concerns in real

PRACTICAL APPLICATIONS

• High curative potential with multiple standard and
emerging therapies makes pediatric and adolescent
classic Hodgkin lymphomas (HLs) an optimal setting
for shared decision making (SDM).

• SDM reflects a collaboration between providers, pa-
tients, and caregivers as they identify treatment op-
tions, supportive care plans, and follow-up goals that
align with the patient’s life stage, values, and
expectations.

• Frontline and relapse therapy inclusive of novel
agents such as the CD30-targeted antibody drug
conjugate, brentuximab vedotin, and the checkpoint
inhibitors, nivolumab and pembrolizumab, is safe and
efficacious for children and adolescents with classic
HL. Over time, this will lead to decreased reliance on
conventional chemotherapy and radiotherapy. How-
ever, efforts to expand access globally are needed.

• Receipt of survivorship care for mitigating late effects
associated with conventional chemotherapy and ra-
diation therapy is integral to health-related quality of
life and to overall survival after the completion of
treatment.

FIG 1. Frontline clinical trials for pediatric and adolescent classic Hodgkin lymphomas before and after the introduction of novel immune-oncology
agents. ABVE-PC, doxorubicin, bleomycin, vincristine, etoposide, prednisone, and cyclophosphamide; AEPA-CAPDAC, adcetris (brentuximab-
vedotin [Bv]), etoposide, prednisone, and doxorubicin/cyclophosphamide, adcetris, prednisone, and dacarbazine; AVD, doxorubicin, vinblastine, and
dacarbazine; Bv-AVE-PC, brentuximab vedotin, doxorubicin, vincristine, etoposide, prednisone, and cyclophosphamide; COPDAC, cyclophospha-
mide, vincristine, prednisone, and dacarbazine; OEPA, vincristine, etoposide, prednisone, and doxorubicin.

2 | © 2024 by American Society of Clinical Oncology
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KEYNOTE-667 Study Design (NCT03407144)

• modified involved-site RT to late PET-positive residual nodes
• 66 % of SER patients had a PET-negative response at end of chemotherapy and spared RT.

• In EuroNet-C2 trial, 55% TL3 pts treated with COPDAC and ERA-AR spared RT.  

New drugs (Pembro) in 1^ line PED  cHL combine with standard CT,  to  better spare RT

Group 2 

Courtesy L Vinti, KM Koerholz

New drugs in 1^ line PEDIATRIC  HL: AHOD1331



Key Points: 
§ < 1% of patients in the trial received end-of-treatment radiotherapy.

§ Zero steroid or cyclophosphamide, … but Doxorubicin dose 300mg/mq.
§ Nivo and Bv eliminated the predictive value of the interim PET.

New drugs in 1^ line PEDIATRIC HL: SWOG S1826

A.F. Herrera, M. LeBlanc, S.M. Castellino, H. Li, S.C. Rutherford, et al. NEJM  391, 15, October 17, 2024

N-AVD 2y EFS 92%

Bv-AVD 2y EFS 83%

2 years EFS



Response prior to auto-HCT in pediatric adolescent pts is a strong predictor of favorable outcomes

Adult patients who are PET negative prior to auto-HCT have better outcomes
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interventions were supportive and palliative care, and these
patients were not considered for any further intervention.
With subsequent failures, those who were offered only sup-
portive and palliative care are shown in Table 6.

We also evaluated the impact of various prognostic factors
on OS at post-HDC auto-SCT failure (Table 7, Figure 2). The
median OS post-HDC auto-SCT failure was 23.6 months. A pre-
vious study by our group identified stage III-IV, failure at <12

months, tumor size >5 cm, B symptoms, and low albumin as
negative risk factors [26]. The 5-point risk factor-based model
applied to 101 patients clearly showed highly significant (P <

.001) OS in patients with 1 risk factor (152 months), 2 risk fac-
tors (30.9 months), and 3 to 5 risk factors (9.45 months).
Another clinically relevant observation was the treatment type
offered to clinically fit patients. The median OS of patients
treated with either brentuximab or second SCT (14 with

Figure 1. Kaplan-Meier estimate of survival outcome with various risk factors prior to the start of salvage chemotherapy. (A) Overall and progression free survival,
whole group. (B) With various risk scores. (C) With and without B symptoms. (D) With and without mediastinal involvement. (E) With HL-IPS groups. (F) With stage
groups. (G) With and without extranodal involvement. (H) With and without CR after salvage chemotherapy.
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A B S T R A C T
Patients with primary refractory Hodgkin lymphoma (ref-HL) can still be salvaged with high-dose chemotherapy (HDC)
and autologous stem cell transplantation (auto-SCT). Outcomes of patients with ref-HL is poorer than those with
relapsed HL, but most studies have included patients with both relapsed and refractory diseases, and separate analyses
or studies on patients with ref-HL are limited. This study aimed to evaluate the outcomes of HDC auto-SCT and impact
of various prognostic factors in patients with ref-HL at the time of primary treatment failure and subsequent survival at
the time of failure post-HDC auto-SCT. This retrospective single-institution cohort analysis using an HDC and auto-SCT
database was approved by the Institutional Research Advisory Counsel and Ethics Committee for identifying patients.
We used the Fine and Gray competing risk analysis method, a regression model for outcome analysis, and the Kaplan-
Meier (KM) method for survival analysis. The study cohort comprised 200 consecutive ref-HL patients who underwent
HDC auto-SCT between 1996 and 2019. The median patient age was 22.75 years, and median follow-up was 106
months. Post-auto-SCT disease status was complete remission (CR) in 122 patients (61%), partial remission in 22 (11%),
and progressive disease in 47 (23.5%). KM median progression-free survival (PFS) after auto-SCT was 43.9 months
(5 years, 49.3%; 10 years, 45.5%). Median overall survival (OS) was 168.6 months (5 years, 61.2%: 10 years, 56.2%).
Eighty-five patients (44.5%) died, 69 (34.5%) due to disease. Multivariate analysis identified similar adverse factors for
both PFS and OS. For PFS, these adverse factors included stage III-IV at relapse (hazard ratio [HR], 1.65; P = .045), medias-
tinal involvement (HR, 2.01; P = .009), and absence of CR after salvage chemotherapy (HR, 2.2; P = .001). PFS with 0 or 1
adverse factors (not reached), 2 adverse factors (40.8 months), and 3 adverse factors (5.4 months) was significant (P <

.001). For OS, significant adverse factors included stage III-IV at relapse (HR, 1.68; P = .045), mediastinal involvement
(HR, 2.52; P = .007), and no CR after salvage chemotherapy (HR, 2.15; P = .004) were significant. OS with 0 or 1 adverse
factors (not reached), 2 adverse factors (148.5 months), and 3 adverse factors (34.4 months) was significant (P < .001).
The median OS after auto-SCT failure was 23.6 months; patients received post auto-SCT brentuximab/second SCT (not
reached), other treatments (22.5 months), and supportive care (8.4 months) (P < .001). OS with 5 risk factors present at
HDC auto-SCT failure— stage III-IV, failure at <12 months, tumor >5 cm, B symptoms, and low serum albumin—was
152 months for 0 or 1 risk factors, 30.9 months with 2 risk factors, and 9.45 months with 3 to 5 risk factors (P < .001).
Ref-HL patients have encouraging survival after HDC auto-SCT and can even be salvaged after auto-SCT failure. Based on
prognostic factors, survival prediction is possible. Patients who fail to respond to HDC auto-SCT may benefit from newer
treatments strategies and may qualify for enrollment in clinical trials.

© 2023 The American Society for Transplantation and Cellular Therapy. Published by Elsevier Inc. All rights reserved.
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Autologous stem cell
transplantation
Hodgkin lymphoma
Refractory Hodgkin lymphoma
Adolescent and young adults
Prognostic model

INTRODUCTION
Based on individual risk factors, primary multiagent

anthracycline-based chemotherapy alone or with radiation
therapy (RT) can cure >80% of patients with Hodgkin lym-
phoma (HL) [1]. Many patients with relapsed or refractory HL
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time to relapse ≤3 months, ECOG performance status ≥1, bulk
≥5 cm, and less than PR (on computed tomography) to salvage
chemotherapy, that were prognostic of survival in patients with
relapsed or refractory cHL undergoing auto-HCT. However, the
study did not use FDG-PET–based disease assessment. Several

studies subsequently showed the prognostic relevance of FDG-
PET–based CR before auto-HCT16-25 including in primary refrac-
tory patients. However, none of these studies accounted for the
other high-risk cHL categories such as PR/SD or ER cohorts or era
of diagnosis. We found that the disease status at auto-HCT (less
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Figure 1. PFS for patients with PTF undergoing auto-HCT. (A) All patients. (B) Based on the disease status at auto-HCT. (C) Based on the category of PTF. NR, not

reached.
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Key Points

• The study shows the
safety and long-term
efficacy of auto-HCT,
even in patients with
high-risk cHL who are
traditionally considered
chemotherapy
refractory.

• The study shows the
long-term efficacy of
auto-HCT, even in
patients with high-risk
cHL who are
traditionally considered
chemo refractory.

There are limited data assessing the risk scores for primary treatment failure (PTF) in

patients with classical Hodgkin lymphoma (cHL; PTF-cHL) undergoing autologous

hematopoietic cell transplantation (auto-HCT). ECLIPSE (Evaluation of Classical Hodgkin

Lymphoma patients wIth Primary treatment failure and analySis of outcomEs) is a

multicenter retrospective cohort of patients with PTF-cHL (aged ≥15 years) diagnosed on or

after 1 January 2005, at 15 US medical centers. PTF was defined as 1 of the following

patterns of failure: (1) progressive disease by imaging during or within 6 weeks of

completion of frontline chemotherapy (primary progression [PP]); (2) partial response (PR)

or stable disease (SD) by imaging after completion of frontline treatment (PR/SD);

(3) progression of disease by imaging (and confirmed by biopsy) within 12 months of

frontline therapy completion after prior documentation of complete response (CR; early

relapse [ER]). A total of 478 patients were included in the analysis. Among these, 217 (45%)

were PP, 86 (18%) were PR/SD, and 175 (37%) were ER. The 6-month and 1-year cumulative

incidence of nonrelapse mortality after auto-HCT were 0.9% and 1.1%, respectively. The

median progression-free survival (PFS) and overall survival (OS) after auto-HCT were 4.33

and 10.09 years, respectively. Although those not in CR at the time of auto-HCT were

associated with inferior PFS and OS, advanced age and diagnosis before 2011 were

associated with inferior OS. This study showcases the safety and long-term efficacy of auto-

HCT, even in patients with high-risk disease who are traditionally considered chemotherapy

refractory, and will serve as a benchmark for the ongoing transplant vs no transplant trials.
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hematopoietic cell transplantation (auto-HCT). ECLIPSE (Evaluation of Classical Hodgkin

Lymphoma patients wIth Primary treatment failure and analySis of outcomEs) is a

multicenter retrospective cohort of patients with PTF-cHL (aged ≥15 years) diagnosed on or
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patterns of failure: (1) progressive disease by imaging during or within 6 weeks of

completion of frontline chemotherapy (primary progression [PP]); (2) partial response (PR)

or stable disease (SD) by imaging after completion of frontline treatment (PR/SD);

(3) progression of disease by imaging (and confirmed by biopsy) within 12 months of

frontline therapy completion after prior documentation of complete response (CR; early

relapse [ER]). A total of 478 patients were included in the analysis. Among these, 217 (45%)

were PP, 86 (18%) were PR/SD, and 175 (37%) were ER. The 6-month and 1-year cumulative

incidence of nonrelapse mortality after auto-HCT were 0.9% and 1.1%, respectively. The

median progression-free survival (PFS) and overall survival (OS) after auto-HCT were 4.33

and 10.09 years, respectively. Although those not in CR at the time of auto-HCT were

associated with inferior PFS and OS, advanced age and diagnosis before 2011 were

associated with inferior OS. This study showcases the safety and long-term efficacy of auto-

HCT, even in patients with high-risk disease who are traditionally considered chemotherapy
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Transplant and Nontransplant Salvage Therapy
in Pediatric Relapsed or Refractory Hodgkin Lymphoma
The EuroNet-PHL-R1 Phase 3 Nonrandomized Clinical Trial
Stephen Daw, MD; Alexander Claviez, MD; Lars Kurch, MD; Dietrich Stoevesandt, MD; Andishe Attarbaschi, MD;
Walentyna Balwierz, MD; Auke Beishuizen, MD; Michaela Cepelova, MD; Francesco Ceppi, MD;
Ana Fernandez-Teijeiro, MD; Alexander Fosså, MD; Thomas W. Georgi, MD; Lisa Lyngsie Hjalgrim, PhD;
Andrea Hraskova, MD; Thierry Leblanc, MD; Maurizio Mascarin, MD; Jane Pears, MD; Judith Landman-Parker, MD;
Tomaž Prelog, MD; Wolfram Klapper, MD; Alan Ramsay, DM; Regine Kluge, MD; Karin Dieckmann, MD;
Tanja Pelz, MD; Dirk Vordermark, MD; Dieter Körholz, MD; Dirk Hasenclever, PhD; Christine Mauz-Körholz, MD

IMPORTANCE The current standard-of-care salvage therapy in relapsed/refractory classic
Hodgkin lymphoma (cHL) includes consolidation high-dose chemotherapy (HDCT)/
autologous stem cell transplant (aSCT).

OBJECTIVE To investigate whether presalvage risk factors and fludeoxyglucose-18 (FDG)
positron emission tomography (PET) response to reinduction chemotherapy can guide
escalation or de-escalation between HDCT/aSCT or transplant-free consolidation with
radiotherapy to minimize toxic effects while maintaining high cure rates.

DESIGN, SETTING, AND PARTICIPANTS EuroNet-PHL-R1 was a nonrandomized clinical trial that
enrolled patients younger than 18 years with first relapsed/refractory cHL across 68 sites
in 13 countries in Europe between January 2007 and January 2013. Data were analyzed
between September 2022 and July 2024.

INTERVENTION Reinduction chemotherapy consisted of alternating IEP (ifosfamide,
etoposide, prednisolone) and ABVD (adriamycin, bleomycin, vinblastine, dacarbazine).
Patients with low-risk disease (late relapse after 2 cycles of first-line chemotherapy and any
relapse with an adequate response after 1 IEP/ABVD defined as complete metabolic response
on FDG-PET and at least 50% volume reduction) received a second IEP/ABVD cycle and
radiotherapy (RT) to all sites involved at relapse. Patients with high-risk disease (all primary
progressions and relapses with inadequate response after 1 IEP/ABVD cycle) received
a second IEP/ABVD cycle plus HDCT/aSCT with or without RT.

MAIN OUTCOMES AND MEASURES The primary end point was 5-year event-free survival.
Secondary end points were overall survival (OS) and progression-free survival (PFS). PFS was
identical to event-free survival because no secondary cancers were observed. PFS data alone
are presented for simplicity.

RESULTS Of 118 patients analyzed, 58 (49.2%) were female, and the median (IQR) age
was 16.3 () years. The median (IQR) follow-up was 67.5 (58.5-77.0) months. The overall
5-year PFS was 71.3% (95% CI, 63.5%-80.1%), and OS was 82.7% (95% CI, 75.8%-90.1%).
For patients in the low-risk group (n = 59), 41 received nontransplant salvage with a 5-year
PFS of 89.7% (95% CI, 80.7%-99.8%) and OS of 97.4% (95% CI, 92.6%-100%). In contrast,
18 received HDCT/aSCT off protocol, with a 5-year PFS of 88.9% (95% CI, 75.5%-100%) and
OS of 100%. All 59 patients with high-risk disease received HDCT/aSCT (and 23 received
post-HDCT/aSCT RT) with a 5-year PFS of 53.3% (95% CI, 41.8%-67.9%) and OS of 66.5%
(95% CI, 54.9%-80.5%).

CONCLUSION AND RELEVANCE In this nonrandomized clinical trial, FDG-PET response-guided
salvage in relapsed cHL may identify patients in whom transplant-free salvage achieves
excellent outcomes. HDCT/aSCT may be reserved for primary progression and relapsed cHL
with inadequate response.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT00433459

JAMA Oncol. doi:10.1001/jamaoncol.2024.5636
Published online January 2, 2025.
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Conclusions

The results of the EuroNet-PHL-R1 nonrandomized clinical
trial suggest that early FDG-PET adequate response identifies

patients with low-risk early or late relapse cHL in whom trans-
plant-free chemoradiotherapy is efficacious. In contrast, early
FDG-PET inadequate response identifies patients with high-
risk disease requiring intensification to achieve a metabolic
remission prior to HDCT/aSCT to improve outcomes.

Figure 4. Kaplan-Meier Plot for Progression-Free Survival (PFS) and Overall Survival (OS)
of Different Risk Groups
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Of 118 patients analyzed, all were stratified into 3 groups: relapse group 1,
patients with late relapse after 2 cycles of first-line treatment; relapse group 2,
any other relapse; relapse group 3, patients with primary progressive disease.
All patients with an inadequate response in risk groups 2 and 3 were considered
high risk and received BEAM, (carmustine, etoposide, cytarabine, melphalan).

All patients in risk group 1 and any patients in risk group 2 with adequate
response were considered low risk and treated with radiotherapy (RT) per
protocol. Eighteen patients in RG-2 with an adequate response (AR) were
treated with BEAM (carmustine, etoposide, cytarabine, melphalan) and
autologous stem cell transplant off protocol.

Figure 3. Progression-Free Survival (PFS) of Distinct Subgroups in a Forest Plot
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Of 118 patients analyzed, all were stratified into 3 groups: relapse group 1 (RG-1),
patients with late relapse after 2 cycles of first-line treatment; relapse group 2
(RG-2), any other relapse; relapse group 3 (RG-3), patients with primary
progressive disease. PFS rates at 5 years with 95% CIs are illustrated in the
forest plot. All patients with an inadequate response (IR) in RG-3 and RG-2 were
considered high risk and received BEAM, (carmustine, etoposide, cytarabine,

melphalan). All patients in RG-1 and any patients in RG-2 with AR were
considered low risk and treated with radiotherapy (RT) per protocol. Eighteen
patients in RG-2 with an adequate response (AR) were treated with BEAM
(carmustine, etoposide, cytarabine, melphalan) and autologous stem cell
transplant off protocol. LRA indicates late response assessment.
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118 relapsed pts (0-18 y,  86%> 13 y)

Transplant-Free Approach in Relapsed Hodgkin Lymphoma
in Children, Adolescents, and Young Adults
A Nonrandomized Clinical Trial
Stephen Daw, MD; Peter D. Cole, MD; Bradford S. Hoppe, MD, MPH; David Hodgson, MPH; Auke Beishuizen, MD;
Nathalie Garnier, MD; Salvatore Buffardi, MD; Maurizio Mascarin, MD; Andrej Lissat, MD;
Christine Mauz-Körholz, MD; Jennifer Krajewski, MD; Alev Akyol, MD; Russell Crowe, MA; Bailey Anderson, MPH;
Yan Xu, MS; Richard A. Drachtman, MD; Kara M. Kelly, MD; Thierry Leblanc, MD; Paul Harker-Murray, MD, PhD

IMPORTANCE Retrieval strategies for children, adolescents, and young adults with relapsed
classic Hodgkin lymphoma (cHL) aim to maintain efficacy while minimizing long-term toxic
effects. Children, adolescents, and young adults with low-risk, relapsed cHL may benefit from
replacing high-dose chemotherapy and autologous stem cell transplant with less intensive
involved-site radiotherapy (ISRT).

OBJECTIVE To evaluate a risk-stratified, response-adapted, transplant-free approach for
treatment of children, adolescents, and young adults with low-risk relapsed cHL with
nivolumab plus brentuximab vedotin (BV) followed by BV plus bendamustine for patients
with suboptimal response and ISRT (30.0 to 30.6 Gy).

DESIGN, SETTING, AND PARTICIPANTS CheckMate 744 (R1 cohort) was a phase 2,
nonrandomized, single-arm study enrolling children, adolescents, and young adults aged 5
to 30 years with low-risk cHL between September 25, 2017, and December 16, 2020, across
the US, Canada, and Europe. Data were analyzed from September 2017 to November 2022.

EXPOSURES Patients received 4 cycles of nivolumab plus BV induction; patients with
complete metabolic response (CMR) received an additional 2 cycles of nivolumab plus BV
while patients with suboptimal response received 2 cycles of BV plus bendamustine
intensification. Patients with CMR after induction or intensification received ISRT
consolidation.

MAIN OUTCOMES AND MEASURES Prespecified coprimary end points were CMR rate (Lugano
2014 classification) any time before ISRT and 3-year event-free survival (EFS) rate, per
blinded independent central review (BICR).

RESULTS Of 28 included patients treated in the low-risk cohort, 18 (64%) were female, and
the median (range) age was 17 (6-27) years. At a median (range) follow-up of 31.9 (2.2-55.3)
months, CMR per BICR any time before ISRT was 93% (26 of 28; 90% CI, 79.2-98.7; objective
response rate [ORR], 100%), and 23 of 28 (82%) achieved CMR per BICR after 4 cycles of
nivolumab plus BV (ORR, 96.4%). Kaplan-Meier estimates of EFS and progression-free
survival rates at 3 years were 87% (3 of 18; 90% CI, 69.5-94.7) and 95% (1 of 18; 90% CI,
76.7-99.0), respectively. During induction, 22 patients (79%) had treatment-related adverse
events, including 7 with grade 3 or 4 adverse events, 2 with anemia, 1 with neutropenia, and
6 with immune-mediated adverse events. Serious adverse events leading to discontinuation
occurred in 2 patients.

CONCLUSIONS AND RELEVANCE This nonrandomized clinical trial found that for children,
adolescents, and young adults with low-risk, relapsed cHL, a transplant-free, risk-adapted,
response-based approach with nivolumab plus BV and ISRT offered high CMR rates and high
3-year EFS rate, with a safety profile consistent with that of each agent used.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT02927769
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28 relapsed R1 pts (0-27y,  36%> 18 y)

CheckMate 744 

aging outcomes for BV plus conventional chemotherapy
in children, adolescents, and young adults with relapsed/
refractory cHL. In a phase 1/2 study evaluating BV plus
gemcitabine for young adults with relapsed/refractory cHL, CRR
was 67%.32

Checkpoint inhibitors have also demonstrated promising
results in adult patients with relapsed/refractory cHL. Re-
sponse-adapted retrieval therapy with nivolumab alone or
combined with ifosfamide, carboplatin, and etoposide in pa-
tients with suboptimal response yielded ORR and CRR of 93%
and 91%, respectively.33 Addition of an anti–programmed cell
death 1 protein checkpoint inhibitor (pembrolizumab) to ifos-
famide, carboplatin, and etoposide also showed 2-year PFS and
OS rates of 87.2% and 95.1%, respectively.34 Pembrolizumab

plus gemcitabine, vinorelbine, and doxorubicin as second-
line therapy demonstrated 100% ORR and 95% CRR, with 95%
of patients proceeding to transplant.31 The high CMR (greater
than 80%) and ORR (greater than 90%) rates observed with
nivolumab plus BV induction in CheckMate 744 suggest that
this is a potentially beneficial option for risk-adapted re-
trieval therapy in children, adolescents, and young adults with
relapsed/refractory cHL.

Few prior studies have evaluated long-term survival in pe-
diatric patients with relapsed/refractory cHL treated without
autologous HCT. The ST-HD-86 trial evaluated retrieval che-
motherapy and RT in patients with relapsed/refractory HL af-
ter primary treatment in the DAL/GPOH studies and reported
10-year EFS and OS rates of 57% and 75%, respectively, with

Figure 2. Event-Free Survival (EFS), Progression-Free Survival (PFS), and Best Reduction From Baseline in Sum of Products of Diameter (SPD)
of Target Lesions
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A, EFS per blinded independent central review (BICR). The plot shows time
from first treatment to the earliest occurrence of high-dose chemotherapy
followed with radiotherapy, disease progression per Lugano 2014 classification,
failure to achieve complete metabolic response (CMR) after 6 cycles of
treatment, secondary malignant neoplasm, and death due to any cause.
B, PFS per BICR. The plot shows time from first treatment to the earliest
occurrence of progression per BICR or death, whichever occurred first. Patients

who neither progressed nor died were censored at the last adequate tumor
assessment. C, PFS per BICR among patients with CMR. The plot shows time
from first treatment to the earliest occurrence of progression per BICR or
death, whichever occurred first. Patients who neither progressed nor died
were censored at the last adequate tumor assessment. D, Best reduction
from baseline in SPD of target lesions. PMR indicates partial metabolic
response.
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3-yPFS rate 95%
5-yPFS rate Low Risk RT+, 89,7%

A total of 5 patients (18%) had 1 or more serious TRAEs during
induction, including grade 3 or 4 rash, urticaria, and febrile
neutropenia (1 each) 

Relapsed Ped-AYA cHL (R1 cohort)

R1: 
• Stage IA/IIA
• Time 3-12 m, < 3 cycles
• >12 m IB/IIB/IIIB
• No B symptoms; 
• No E disease
• No extensive RT. 



Good News and Bad News

Good 
News

Bad 
News

There are “BAD PLAYERS” and “BAD 
of BAD PLAYERS”

DS5 at ERA and at LRA

The hospitalization rate is generally 
considered high for pts with HL.
The cumulative dose of Doxo and Eto are 
not-negligible.

DECOPDAC

The effect of  IT and IT+CT cannot be 
view at ERA, but at the end of therapy. 
CPI based strategy is efficacy only if 
applied to all pts. 

Modulation factors

RT is still necessary in some patients. The 
results of ERA-IR pts treated with 
COPDAC+RT are slightly better than  
DECOPDAC alone.

Radiotherapy

A subgroup of DS1 and D2 pts at 
ERA, who do extremely well:

de-escalation  is feasible

C1 an C2 trial

Easy to administer;  
but steroid doses are high.

COPDAC

In C2 trial the indication to RT has 
been reduced to combination to 

22% of pts.

Radiotherapy

The effect of CT can be  largely 
view at ERA 

Modulation factors

The combination of IT+CT is 
better than IT alone.
IT alone is not probably the 
definitive solution.

Combination  IT+CT
The combination of Bv and 
Nivo + CT is highly effective 
in HL

Combination IT+CT



41 Centri hanno aderito (tutti i centri EuroNet + INTMi

Registrati 88 pazienti in 4 anni !!

Inviate schede di registrazione da 17 centri:
Ancona, Aviano*, Bergamo, Bologna, Firenze, Genova*, INT 
Milano, Modena*, Napoli UNI*, Parma*, Pavia, Pisa*, Reggio 
Calabria, Rimini, Taranto, Torino, Verona*. 

*anche terapia e FUP 

AIEOP PHL-2021 Osservazionale



segreteria dello studio: lhpl.aieop@gmail.com data manager: dott.ssa Maria Teresa Loiotine

Linfoma di Hodgkin a Prevalenza Linfocitaria: 

studio osservazionale “LH-PL rev AIEOP-2004”

titolo dello studio: “Studio retrospettivo sul linfoma di Hodgkin a predominanza linfocitaria 
(LHPL) in età pediatrica completamento della revisione dello studio AIEOP LH-2004

CHIUSURA DELLO STUDIO 01.01.2025

“Studio AIEOP LHPL – 2019” (studio attivo, in corso)



segreteria dello studio: lhpl.aieop@gmail.com data manager: dott.ssa Maria Teresa Loiotine

Studio AIEOP – LHPL – 2019
ATTIVITA’ in corso
1. analisi dei dati raccolti fino al marzo 2024 con stesura del manoscritto

2. collaborazione con IFOM (Istituto Fondazione di Oncologia Molecolare) di Milano, 
dott. Claudio Tripodo per studio di PROTEOMICA SPAZIALE (tecnologia che permette di 
studiare contemporaneamente un numero elevato di espressioni proteiche con 
elaborazione ed interpretazione informatica digitale) con tecnica di MICROARRAY per il 
quale sarà inviato emendamento al protocollo

3. collaborazione con FIL (dott. Manuel Gotti, PAVIA) per analisi dei dati FIL-AIEOP

4. proposta ad AIFA per inserimento del RITUXIMAB in 648/1996 per la rimborsabilità 
nel paz pediatrico con LHPL (come già possibile nel paz adulto)

5. richiesta report a Studi Clinici AIEOP per nuovi pazienti registrati nello studio Mod. 
1.01 dal 2024 ad oggi.

Linfoma di Hodgkin Prevalenza Linfocitaria: “Studio AIEOP – LHPL – 2019”



5 paz

11 paz

4 paz

2 paz

3 paz

1 paz

PROTOCOLLO APERTO IN 28 
CENTRI 

DIAGNOSTICATI 90 PAZIENTI 
(7 da aprile 2024 ad oggi)    
in 28 CENTRI da 16 Regioni

1 paz

14 paz

15 paz

9 paz

1 paz

8 paz

1 paz

3 paz

9 paz

3 paz

Dei 7 pazienti del 2024-25 solo 3 sono 
stati segnalati al centro coordinatore
tutti inviati per centralizzazione anatomo-
patologica.
altri pazienti non ancora segnalati?

Linfoma di Hodgkin Prevalenza Linfocitaria: “Studio AIEOP – LHPL – 2019”



centralizzati per revisione 82.2%

CENTRALIZZAZIONE ANATOMIA PATOLOGICA
dott.ssa Elena SABATTINI emolinfopatologia IRCCS Bologna

58/90
64.5%

16/90
17.7%

16/90
17.7%

RISULTATI

58/90 casi centralizzati a dott.ssa Sabattini (Bologna)
16/90 casi riferiti al dott. D’Amore (Vicenza)
16/90 casi non centralizzati



segreteria dello studio: lhpl.aieop@gmail.com data manager: dott.ssa Maria Teresa Loiotine

Linfoma di Hodgkin Prevalenza Linfocitaria: “Studio AIEOP – LHPL – 2019”

Concludendo:
• casistica attuale rilevante: 90 paz diagnosticati, il reclutamento continua
• le caratteristiche cliniche confermano la prevalenza di stadi I-IIA (80%), del sesso maschile 

(81.2% M), dell’età adolescenziale (80% >10aa)
• possibile risparmio di terapia in stadi senza fattori di rischio, probabilmente allungando i tempi di 

terapia

• alla diagnosi inviare CRF per registrazione del paziente o segnalare tramite mail/wa
alla mail LHPL.AIEOP@gmail.com

• inviare il caso per revisione centralizzata anatomo-patologica
alla dott.ssa Sabattini - Bologna al seguente indirizzo: 
SD di Emolinfopatologia
IRCCS - Azienda Ospedaliero-Universitaria di Bologna, 
Via Massarenti 9, 40138 Bologna    
tel 0039 51 214 4562

per qualsiasi dubbio o comunicazione, contattateci!



Biology: Exosomes

Courtesy: L MussolinMolecular Cancer, 2018 



Courtesy: L Mussolin



miR-122-5p has a prognostic potential, based on into miR-122 low and miR-122 high (medianexpressionvalues).

miR-122-5p targets are involved in Tyrosine kinase receptors signaling

Biology: extracellular vesicle miR-122-5p in cHL

P=0.0009

Courtesy: L Mussolin

Small-RNAseq analysis was conducted on:
• 7 Healthy donors (HD)
• 36 pediatric Hodgkin lymphomas (HL)

REL
14

p-value: 0.0002,AOC=0.8065



Thymus and activation Regulated chemokine (TARC)/CCL17 in ped HL

In adult higher TARC levels correlate with :

ü the extent of the disease
ü higher disease stage
ü presence of B-symptoms

ü bulky disease
ü metabolic tumor volume

ü treatment response.

Produced by HRS cells and antigen presenting cells
Attracts T-helper type 2 cells

Courtesy: L Mussolin

TARC levels increased
progressively even
before PET became
positive at relapse.

Farina L, et al; Clinical Res 2015

Molecular Cancer, 2018 

-8  ml of peripheral blood in Na-citrate at 
diagnosis. 

-4 ml of peripheral blood in Na-citrate  at 
end of therapy (aemendament proposal).



Attività formative
27 febbraio 2025 25 marzo 2025

11-12 NOVEMBRE 2024

CORSO IN MEDICINA 
NUCLEARE PEDIATRICA

Corso Residenziale

ROMA, CENTRO STUDI CARDELLO

11-12 novembre 202411 aprile 2024

1st June 2025
Submission
Deadline



and  to all  members of  the “AIEOP ped-HL centers”

Thank you

Mascarin Maurizio
mascarin@cro.it

GdL AIEOP linfoma di Hodgkin:

Bianchi Maurizio 

Buffardi Salvatore

Farruggia Piero 

Garaventa Alberto 

Sala Alessandra 

Vinti Luciana 

Muggeo Paola  (protocollo NLPHL)

Lopci Egesta (Medicina Nucleare)

Mussolin Lara  (Biologia)

Bianchi Simona (Discovery)

EURONET
Dieter Koerholz (C2)
Christine Mautz Koerholz (C2)
Dirk Hasenclever (Data management C2)
Stephen Daw (Relapse strategy)
Tierry Leblanc (Relapse strategy)

Elena Sabattini, Clara Bertuzzi (Anatomia Patologica NLPHL)

Marco Pizzi (Anatomia Patologica cHL)

Caterina Elia (Data management)

Valli De Re, Ombretta Repetto, (Biologia CRO)

GdL Linfoma di Hodgkin


