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Abstract

The international, randomized phase 3 HD15 trial established 6xeBEACOPP as standard therapy for patients with newly diagnosed
advanced-stage Hodgkin lymphoma (HL) within the German Hodgkin Study Group (GHSG). We performed a follow-up analysis to
assess long-term efficacy and safety of this approach. Between 2003 and 2008, 2182 patients aged 18 to 60 years were recruited
and randomized in a 1:1:1 ratio between 8 or 6 cycles of eEBEACOPP or 8 cycles of the dose-dense BEACOPP-14 regimen, each
followed by 30 Gy radiotherapy in case of positron emission tomography (PET)-positive residual lesions >2.5cm. The study aimed at
demonstrating non-inferiority regarding efficacy of the 2 experimental arms on a significance level of 2.5% each. The intention-to-treat
analysis comprised 2126 patients with a median follow-up of 102 months. Ten-year progression-free survival was 81% (97.5% Cl 77—
85) with 8xeBEACOPP, 84% (80-87) with 6xeBEACOPP, and 84% (80-87) with 8xBEACOPP-14; the non-inferiority margin of 1.51
for the hazard ratio (HR) could be excluded for both comparisons (6xeBEACOPP, HR=0.7, 97.5% Cl 0.5-1.0; 8xBEACOPP-14,
HR=0.9, 97.5% Cl 0.7-1.2). Overall survival at 10 years was 88% (85-91), 90% (88-93), and 92% (89-94), respectively. A total of
142 second malignancies corresponding to 10-year cumulative incidences of 10%, 7%, and 7% and standardized incidence ratios of
4.3, 2.5, and 2.8 were reported for 8xeBEACOPP, 6xeBEACOPP, and 8XxBEACOPP-14, respectively. This updated analysis of the
HD15 trial thus confirms the efficacy and reports on the long-term safety of a shortened first-line chemotherapy consisting of
6xeBEACOPP followed by PET-guided radiotherapy in advanced-stage HL.
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Introduction

The prognosis of patients with Hodgkin lymphoma (HL) has
improved with the introduction of multiagent chemotherapy
such as MOPP (mechlorethamine, vincristine, procarbazine, and
prednisone) or ABVD (doxorubicin, bleomycin, vinblastine, and
dacarbazine), resulting in a 5-year tumor control of about 65%
and an overall survival of 75% at 5 years."* In an attempt to
further improve the prognosis of this patient cohort, the German
Hodgkin Study Group (GHSG) developed a more intensive
protocol termed escalated BEACOPP (eBEACOPP; bleomycin,
etoposide, doxorubicin, cyclophosphamide, vincristine, procar-
bazine, and prednisone in escalated dose). In the randomized
HDO trial, this regimen was compared with the GHSG standard
at that time, 8xCOPP/ABVD (cyclophosphamide, vincristine,
procarbazine, prednisone, doxorubicin, bleomycin, vinblastine,
dacarbazine), and a lower intensity BEACOPP variant termed
baseline BEACOPP (bBEACOPP). Freedom from treatment
failure (FFTF) at § years was 69% for COPP/ABVD, 76% for
bBEACOPP, and 87% for eBEACOPP, respectively.® Conse-
quently, 8 cycles of eBEACOPP were established as standard of
care for advanced-stage HL in the following GHSG trial HD12.*
In this trial, a dose reduction to 4 cycles of e BEACOPP followed
by 4 cycles of bBEACOPP did not result in a meaningful
reduction of treatment-associated toxicity. The subsequent
randomized phase 3 HD135 trial showed the noninferiority of
6 cycles of e BEACOPP in terms of tumor control as compared to
8 cycles of eBEACOPP, with 5-year FFTF of 89% and 84%,
respectively.® As a consequence of HD135, the GHSG standard of
care for advanced-stage HL changed to 6 cycles of e BEACOPP
followed by positron emission tomography (PET)-guided
radiotherapy. The original report of the HD15 trial had a
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median follow-up of 48 months with 2126 patients included. To
better understand the long-term outcomes and late side effects
of treatment, we performed an update analysis on HD15 with
substantially longer follow-up of 102 months.

Material and methods
Study design and patients

This open-label, multicenter, international, randomized phase 3
non-inferiority trial was conducted in more than 400 hospitals
and private practices in Germany, the Czech Republic,
Switzerland, the Netherlands, and Austria. We recruited patients
aged 18 to 60 years with newly diagnosed, histology-proven,
classical, or nodular lymphocyte-predominant HL in advanced
stages (ie, clinical stage III-IV or stage II with B symptoms and
1 or both risk factors of large mediastinal mass [>1/3 of the
maximal thoracic diameter] or extranodal lesions). All patients
provided written informed consent before study entry according
to the Good Clinical Practice guidelines of the International
Conference on Harmonisation and national regulations. The trial
was designed by the GHSG steering committee, approved by the
ethics committees of all participating countries and centers, and
registered with Current Controlled Trials (IRCTN32443041).
Patients were randomly assigned to receive either 8 cycles of
eBEACOPP, 6 cycles of e BEACOPP, or 8 cycles of the more dose-
dense BEACOPP-14 in a 1:1:1 ratio. In all 3 groups, radiotherapy
was recommended in case of lesions of at least 2.5cm in the
largest diameter with residual FDG uptake after chemotherapy.
Follow-up examinations were performed and documented at
increasing intervals after therapy completion, with computed

2182 patients randomized

728 allocated to 8xeBEACOPP 726 allocated to 6xeBEACOPP

728 allocated to 8xBEACOPP-14

56 excluded:
44 with disconfirmed Hodgkin ‘s lymphoma diagnosis

3 withdrew consent
9 changed to a parallel study before start of treatment

705 included in ITT analysis 711 included in ITT analysis

710 included in ITT analysis

a)
385 excluded :
30 violated inclusion or exclusion criteria
33 changed treatment arms

300 terminated treatment prematurely or had a major
treatment deviation
22 insufficiently documented

556 included in PP analysis 610 included in PP analysis

575 included in PP analysis

Figure 1. Trial profile. ITT is defined as the set of all patients except for those with disconfirmed diagnosis of Hodgkin lymphoma, withdrawal of consent or revision of
staging and participation in another study before start of treatment. PP contains all ITT patients without severe protocol deviation, having complete therapy
documentation or progressive disease or death during therapy. BEACOPP-14 =bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine,
and prednisone in dose-dense variant, eBEACOPP =bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone in
escalated dose, ITT =intention-to-treat, PP =per-protocol. (a) Analysis set definition based on data from final analysis.
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tomography only performed at the investigators’ discretion.
Relapse of HL or occurrence of a second malignancy was
confirmed by biopsy locally, and reports were verified by GHSG
trial physicians before database entry. Details of inclusion
criteria, procedures and statistics as well as final results of the trial
have been published.’

Statistical analysis

In order to assess long-term treatment outcome, we used
progression-free survival (PFS), defined as the time from
completion of staging until progressive disease, relapse, or death
from any cause. If none of these events had occurred, PFS was
censored at the date of last information on the disease status.
Overall survival was defined as time from completion of staging
until death from any cause, or censored at the date of last
information on the patient being alive. In cases of an information
lag of more than 1 year, information on survival status was
obtained from residents’ registration offices wherever possible.
To assess the long-term outcome of patients with progression or
relapse, within this subgroup we report second PFS, defined as
time from first progression or relapse to further relapse or death

www.hemaspherejournal.com

from any cause, or censored at the date of last information on the
disease status. Survival outcomes were analyzed according to
Kaplan-Meier and compared between treatment groups using
hazard ratios (HR) with CIs obtained from Cox regression
models, whereby models for PFS and overall survival were
adjusted for the stratification factors age (<50 years vs >50 years),
sex, Ann Arbor stage (IIB or IIIA vs IIIB or IV), international
prognostic score (IPS, <3 vs >3) and hemoglobin level (>12 vs
<12g/dL). Cumulative incidences of second malignancies were
estimated according to Kaplan-Meier accounting for death as a
competing risk, and compared between treatment groups using
subdistribution Hazard Ratios (sHR) and Cls obtained from Cox
regression models. We estimated standardized incidence ratios
(SIR) for second malignancies by dividing observed by expected
event numbers with respect to age- and sex-specific reference values
for the German population,® taking into account the observed
person years in each sex/age group throughout the total study and
follow-up period. Standardized mortality ratios (SMR) were
estimated accordingly.” In addition, we restricted mortality
analyses to the long-term follow-up period starting 5 years after
first diagnosis (SMRjong-term), including only patients having
survived and being observed for at least 5 years. Patient

Baseline Characteristics of the Intention-to-Treat Set

8xeBEACOPP (N =705)

6xeBEACOPP (N=711)

8XBEACOPP-14 (N=710) Total (N=2126)

Age
Median (range) 33 (18-60)
Sex
Female 277 (39%)
Male 428 (61%)
Ann Arbor stage
A" 1 (<1%)
IIB 8 (17%)
A 153 (22%)
B 192 (27%)
IVA 65 (9%)
VB 176 (25%)
GHSG risk factors
Large mediastinal mass 210 (30%)
Extranodal involvement 136 (19%)
Involvement of 3 or more nodal areas 602 (85%)
Elevated erythrocyte sedimentation rate 463 (66%)
ECOG performance status
0 358 (51%)
1 316 (45%)
2 30 (4%)
3 1 (<1%)
IPS
0-1 222 (31%)
2-3 380 (54%)
4-7 103 (15%)

Histologic subtype
Nodular sclerosis cHL
Mixed cellularity cHL
Lymphocyte-rich cHL
Lymphocyte-depleted cHL
cHL, not further specified
Nodular lymphocyte predominant HL

367/614 (60%)
147/614 (24%)
15/614 (2%)
5/614 (1%)
59/614 (10%)
21/614 (3%)

34 (18-60) 33 (18-60) 33 (18-60)
280 (39%) 281 (40%) 838 (39%)
431 (61%) 429 (60%) 1288 (61%)
2 (<1%) 0 3 (<1%)
104 (15%) 109 (15%) 331 (16%)
178 (25%) 159 (22%) 490 (23%)
179( 5%) 204( 9%) 575 (27%)
78 (11%) 67 (9%) 210 (10%)
170 (24%) 171 (24%) 517 (24%)
209 (29%) 212 (30%) 631 (30%)
133 (19%) 143 (20%) 412 (19%)
597 (84%) 614 (87%) 1813 (85%)
448 (63%) 481 (68%) 1392 (65%)
369 (52%) 376 (53%) 1103 (52%)
304 (43%) 301 (42%) 921 (43%)
37 (5%) 33 (5%) 100 (5%)
1 (<1%) 0 2 (<1%)
237 (33%) 223 (31%) 682 (32%)
367 (52%) 368 (52%) 1115 (52%)
107 (15%) 119 (17%) 329 (15%)
356/628 (57%) 353/616 (57%) 1076/1858 (58%)
170/628 (27%) 138/616 (22%) 455/1858 (24%)
13/628 (2%) 16/616 (3%) 44/1858 (2%)
3/628 (<1%) 7/616 (1%) 15/1858 (1%)
67/628 (11%) 76/616 (12%) 202/1858 (11%)
19/628 (3%) 26/616 (4%) 66/1858 (4%)

Data are n (%) or n/total (%), unless otherwise indicated.

eBEACOPP =bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone in escalated dose. BEACOPP-14 =bleomycin, etoposide, doxorubicin, cyclophosphamide,
vincristine, procarbazine, and prednisone in dose-dense variant. GHSG = German Hodgkin Study Group. ECOG =Eastern Cooperative Oncology Group. IPS=International Prognostic Score. cHL =classical

Hodgkin lymphoma.
Violation of inclusion criteria detected after study entry.
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characteristics were analyzed descriptively. All analyses were
performed according to the intention-to-treat (ITT) principle and
on a per-protocol analysis set, which was based on data from the
final analysis. The significance level was set to 5% for single
comparisons and adjusted to 2.5% in case of 2 parallel tests
(8xeBEACOPP vs 6xeBEACOPP and 8xeBEACOPP vs 8xBEA-
COPP-14). We used SAS version 9.4 (SAS Institute Inc., Cary, NC,
USA) for all analyses.

Results

Out of 2182 patients enrolled between January 28, 2003 and
April 18,2008, 56 were excluded from the ITT analysis due to
disconfirmation of their HL diagnosis (n=44), withdrawal of
consent (n=3) or revision of staging and participation in another
study before start of treatment (n=9), resulting in 2126 patients
finally analyzed (Fig. 1). Baseline characteristics are presented in

Reduced-Intensity Chemotherapy in Patients With Advanced-Stage HL

Table 1 and were similar between randomized treatment groups.
The median age was 33 years (range 18-60), 61% were male, and
84% had stage III or IV disease.

Among 1987 patients who were alive at the time of the last
analysis published in 2012, updated follow-up information was
available for 89%. The last information was obtained from
residents’ registries in 17% of patients. Median follow-up was
112 months for survival and 102 months for disease status,
respectively, and did not differ between trial arms.

With 10-year PFS estimates of 81% (97.5% CI 77%-85%),
84% (80%-87%), and 84% (80%-87%) for 8xeBEACOPP,
6xeBEACOPP, and 8xBEACOPP-14, respectively, noninferiority
of both experimental treatment regimens could be confirmed with
longer follow-up (Fig. 2A): the HR and respective 97.5% Cl were
0.7 (0.5-1.01) for 6xeBEACOPP and 0.9 (0.7-1.2) for
8xBEACOPP-14, respectively, versus 8xeBEACOPP, and both
excluded the noninferiority margin of 1.51. In the per-protocol

P 0.6
= 0.5
e - 10-year estimate [97.5%-Cl] HR [97.5%-CI]? HR [97.5%-CI] 2
o
0.4 vs. 8xeBEACOPP  vs. 6xeBEACOPP
0.3 ] 8xeBEACOPP 80.9% [77.3% to 84.6%]
02 6xeBEACOPP 83.7% [79.9% to 87.4%] 0.7 [0.5to 1.01]
0.1
0.0 Median observation time 102 months
0 12 24 36 48 60 72 84 96 108 120 132 144
Time [months]
number at risk
705 634 594 559 538 496 436 386 323 268 195 119 64
711 658 620 589 559 515 456 391 332 271 187 112 66
A 710 653 608 575 525 478 431 375 321 256 174 106 54
1.0
o M
0.8
o 0.7
[
T 0.6
2
E 0.5
7 10-year estimate [97.5%-Cl] HR [97.5%-ClI] 2 HR [97.5%-Cl] 2
£ 044 vs. 8xeBEACOPP  vs. 6xeBEACOPP
3 0.3 ] 8xeBEACOPP 87.6% [84.6% to 90.6%]
02 ] 6xeBEACOPP 90.4% [87.5% to 93.2%] 0.7 [0.5 to 0.999]
0.1
0.0 Median observation time 112 months
T T T T T T T T T T T T T
0 12 24 36 48 60 72 84 96 108 120 132 144
Time [months]
number at risk
705 676 660 646 627 598 560 500 427 347 249 145 69
B 711 691 685 671 660 640 601 545 450 357 247 146 79
710 693 682 671 651 616 583 519 443 350 240 148 70

Figure 2. Kaplan-Meier estimates for the intention-to-treat set. (A) Progression-free survival. (B) Overall survival. BEACOPP-14 =bleomycin, etoposide,
doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone in dose-dense variant, eBEACOPP =bleomycin, etoposide, doxorubicin,
cyclophosphamide, vincristine, procarbazine, and prednisone in escalated dose, HR=hazard ratio, PFS = progression-free survival. (a) Hazard ratios adjusted
for stratification factors age, sex, Ann Arbor stage, international prognostic score and hemoglobin level.
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094

0.8

0.7
0.6

05 10-year estimate [97.5%-Cl] HR [97.5%-CI] 2

0.4+ vs. 8xeBEACOPP
0.3- 8xeBEACOPP 79.9% [75.7% to 84.1%)

HR [97.5%-CI] @
vs. 6xeBEACOPP

PFS rate

024 6xeBEACOPP 85.1% [81.1% to 89.0%] 0.7[0.5t00.9]
0.1
0.0 Median observation time 103 months
T T T T T T T T T T T T T
0 12 24 36 48 60 72 84 96 108 120 132 144
Time [months]
number at risk
556 505 472 447 430 396 348 307 256 209 151 102 52
610 569 538 515 493 454 401 342 292 237 167 929 58
A 575 533 495 468 429 390 354 309 264 1 145 89 47

Pl

0.9

0.8+
0.7
0.6

057 10-year estimate [97.5%-Cl] HR [97.5%-Cl] 2

04 vs. 8xeBEACOPP
03 8xeBEACOPP 87.2% [83.7% t0 90.7%]
6xeBEACOPP 91.9% [89.0% to 94.8%]

HR [97.5%-Cl] @
vs. 6xeBEACOPP

Overall Survival rate

024 0.6[0.4t0 0.9]

0.1

Median observation time 113 months

0.0

T T T T T
0 12 24 36 48 60 72 84 96 108 120 132 144

Time [months]
number at risk
556 533 521 511 497 475 445 400 343 273 191 124 56
B 610 595 591 580 573 558 524 479 395 314 222 131 70
575 563 554 547 532 505 482 429 365 292 201 123 59

Figure 3. Kaplan-Meier estimates for the per-protocol set. (A) Progression-
free survival. (B) Overall survival. BEACOPP-14=bleomycin, etoposide,
doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone
in dose-dense variant, eBEACOPP =bleomycin, etoposide, doxorubicin,
cyclophosphamide, vincristine, procarbazine, and prednisone in escalated
dose, HR=hazard ratio, PFS=progression-free survival. (a) Hazard ratios
adjusted for stratification factors age, sex, Ann Arbor stage, international
prognostic score and hemoglobin level.

analysis comprising 1741 patients (Fig. 3A), 6xeBEACOPP
proved to be significantly superior to 8xeBEACOPP, with a HR
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of 0.7 (97.5% CI 0.5-0.9). PFES according to response to
chemotherapy is displayed in Figure 4; 10-year estimates were
85% for those with complete remission, 88% for those with
partial remission including residues of at least 2.5cm in the
largest diameter and a negative PET, and 85% for those receiving
consolidating radiotherapy due to partial remission including
residues of at least 2.5cm in the largest diameter and a positive
PET.

Among 209 patients with progression or relapse (Table 2),
second PFS at 5 years was 54% (95% CI 47%-61%, Fig. 5),
without differences between treatment groups (data not shown).
With a median follow-up of 87 months after first progression or
relapse, 84 (40%) of these patients died, including 51 deaths
attributed to HL and 9 to toxicity of salvage therapy.

In total, 202 patients died within the follow-up period
(Table 2). The SMR ranged from 4.5 (6xeBEACOPP) to 7.1
(8xeBEACOPP) and thus indicates an increased risk of death with
respect to age- and sex-specific German reference data among all
groups.” When restricting the analysis to the long-term follow-up
period starting 5 years after initial diagnosis, the most frequent
cause of death was second malignancy (34 of 72 events), while at
the time of the final analysis, most deaths had been attributed to
HL. SMRong-term, ranging from 3.2 to 4.0 (Table 2), was lower
compared with the total study period, but still significantly
elevated compared to the reference data.

Ten-year estimates for overall survival were 88% (97.5% CI
85%-91%), 90% (88%-93%), and 92% (89%-94%) with
8xeBEACOPP, 6xeBEACOPP and 8xBEACOPP-14, respective-
ly, with a significant superiority of 6xeBEACOPP over
8xeBEACOPP (HR 0.7, 97.5% CI 0.5-0.999, P=0.0245) and
a trend toward superiority of 8xBEACOPP-14 over 8xeBEA-
COPP (HR 0.7, 97.5% CI 0.5 to 1.04, P=0.05, Fig. 2B; per-
protocol analysis: Fig. 3B).

A total of 142 patients were diagnosed with a second
malignancy within the observed follow-up period (Table 2),
including 40 patients with therapy-related acute myeloid
leukemia or myelodysplastic syndrome (MDS), 3 with acute
lymphoblastic leukemia (ALL), 29 with non-Hodgkin lymphoma

1.0 _?_
091 s
0.8 fay — S
0.7
o 061
s
» 0.5-
a
0.4 10-year estimate [95%-Cl] HR [95%-Cl]
0.3 Complete remission 85.2% [82.4% to 87.9%]
0.2-] PET-negative partial remission  88.1% [85.0% to 91.2%] 0.8[0.6to 1.1]
0.1
0.0 Median observation time 102 months
T T T T T T T T T T T T T
0 12 24 36 48 60 72 84 96 108 120 132 144
Time [months]
number at risk
884 848 798 749 702 641 560 494 415 333 229 133 71
548 526 495 470 445 407 373 326 281 234 169 111 71
191 171 162 157 149 139 126 114 95 77 56 35 16

Figure 4. Progression-free survival by outcome after chemotherapy. Analysis includes patients with complete remission after chemotherapy and those with a
partial remission, residual lesions of at least 2.5cm in the largest diameter and centrally reviewed PET available. Radiotherapy was recommended in case of a

positive PET scan. HR=hazard ratio, PFS =progression-free survival.
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Long-Term Outcomes of the Intention-to-Treat Set

8xeBEACOPP (N =705)

6xeBEACOPP (N=711) 8xBEACOPP-14 (N=710) Total (N=2126)

Observation time

Observation time for disease status, median 104 months

Observation time for survival status, median 113 months
Tumor events

Progression 25 (4%)

Early relapse (within 1 year after end of treatment) 15 (2%)

Late relapse 32 (5%)

Any tumor event 72 (10%)
Causes of death

Second malignancy 24 (3%

HL 17 2%
Toxicity of study treatment

(

(

(
Toxicity of salvage therapy 5 (1%,
Other disease” 10 (1%)
Accident or suicide 1 (<1%)
Unclear 11 2%)
Any event 83 (12%)
SMR (95% CI) 7.1 (5.6-8.7)
SMRiong-term (95% Cl) 4.0 (2.6-5.9)

Second malignancies

Leukemia or myelodysplastic syndrome 28 (4%)
Non-Hodgkin lymphoma 9 (1%)
Solid tumor 22 (3%)
Any malignancy 59 (8%)
SIR (95% Cl) 4.3 (3.2-5.5)

102 months 101 months 102 months
112 months 112 months 112 months
18 (3%) 0 (3%) 63 (3%)
16 (2%) 9 (3%) 50 (2%)
24 (3%) 0 (6%) 96 (5%)
58 (8%) 9 (11%) 209 (10%)
16 (2%) 19 (3%) 59 (3%)
16 (2%) 18 (3%) 51 (2%)
6 (1%) 7 (1%) 28 (1%)
2 (<1%) 2 (<1%) 9 (<1%)
8 (1%) 4 (1%) 22 (1%)
3 (<1%) 2 (<1%) 6 (<1%)
8 (1%) 8 (1%) 7 (1%)
59 (8%) 60 (8%) 202 (10%)
4.5 (3.4-5.8) 5.0 (3.8-6.5) 5 (4.8-6.3)
3.2 (2.0-4.7) 3.3 (2.1-5.0) 5 (2.7-4.4)
3 (<1%) 12 (2%) 43 (2%)
13 (2%) 7 (1%) 29 (1%)
26 (4%) 23 (3%) 71 (3%)
42 (6%) 417 (6%) 142 (7%)
2.5 (1.8-3.4) 2.8 (2.0-3.9) 3.2 (2.7-3.7)

Data are median or n (%) unless otherwise indicated. eBEACOPP = bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone in escalated dose.
§EACOPP—14= bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone in dose-dense variant. SMR = Standardized mortality ratio. SIR = Standardized incidence ratio.
“Including cardiovascular disease (n="5), pulmonary disease (n=5), non-therapy-related infection (n=4), liver disease (n=1), brain disease (n=1), alcohol abuse (n=1) and unknown disease (n=5).

TIncluding 1 patient diagnosed with secondary leukemia and solid tumor.

(NHL) and 71 with solid tumors (1 patient was diagnosed with
secondary acute myeloid leukemia and then had a solid tumor).
Of the 75 solid tumors diagnosed (4 patients had multiple
tumors), most were in the lung (n=20), digestive organs (n=17),
and skin (n=14). Patients diagnosed with a second malignancy
were significantly older compared with those without a second
cancer diagnosis; the median age at study entry was 48 and
32 vyears, respectively (P<0.001). The SIR ranged from 2.5
(6xeBEACOPP) to 4.3 (8xeBEACOPP) and was significantly
elevated with respect to age- and sex-specific German reference
data in all 3 groups (Table 2). In total, 59 of the 142 affected
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Figure 5. Second PFS for patients with progression or relapse. PFS=
progression-free survival.

patients (42%) died from their malignancy, with the highest
proportion among those diagnosed with secondary leukemia or
MDS (26 of 43 patients, 60%). Cumulative incidences of second
malignancies after 10 years were 10% (97.5% CIL7%-13%), 7%
(4%-9%), and 7% (4%-10%) with 8xeBEACOPP, 6xeBEA-
COPP and 8xBEACOPP-14, respectively, suggesting a possible
trend toward higher incidence in the standard arm (Fig. 6A).
Particularly, there were significantly more cases of secondary
leukemia or MDS after treatment with 8xeBEACOPP, with 10-
year cumulative incidences of 5% (97.5% CI3%~7%), 1% (0%—
1%), and 2% (1%—4%), respectively (Fig. 6B). There were also
no differences between treatment arms regarding the occurrence
of NHL or solid tumors (Table 2). There were also no differences
regarding the occurrence of second malignancies between those
225 patients receiving consolidating radiotherapy and those
1901 patients who did not (Fig. 6C). Of the 3 solid tumors that
occurred in patients who had received radiotherapy within our
trial, only 1 was located within the radiotherapy field.

Discussion

The prospective randomized HD135 trial enrolled a total of 2182
patients with advanced-stage HL from 5 European countries
and is the largest trial performed in this malignancy so far. With
10-year overall survival estimates of 88% and 90%, respectively,
a significant benefit of 6xeBEACOPP over 8xeBEACOPP
was detected. In addition, there were more cases of secondary
leukemia/MDS with 10-year cumulative incidences of 5% with
8xeBEACOPP and 1% with 6xeBEACOPP, respectively; the
proportion of patients diagnosed with solid tumors was 3%.
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Figure 6. Cumulative incidence of second malignancies accounting for death as a competing risk. (A) Cumulative incidence of any second malignancy by treatment
arm. (B) Cumulative incidence of secondary leukemia and myelodysplastic syndrome by treatment arm. (C) Cumulative incidence of any second malignancy by
radiotherapy group (radiotherapy was recommended in case of partial remission including residual lesions of at least 2.5cm in the largest diameter and a positive
PET after chemotherapy). BEACOPP-14 =bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone in dose-dense
variant, CIF=cumulative incidence function, eBEACOPP =bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone in
escalated dose, MDS =myelodysplastic syndrome, sHR = subdistribution hazard ratio.

The key objective in the treatment of HL, particularly
regarding the first line of therapy, is to find the optimal balance
between tumor control and treatment intensity. The HD135 trial
can serve as an example, showing that 6 cycles of eBEACOPP are
at least equally effective and at the same time less toxic as
compared to the prior standard of 8 cycles.’ Following HD15, 6
cycles of eBEACOPP became the new standard in advanced-stage
HL. In addition, radiation could be confined to PET-positive
residues measuring 2.5 cm or more. The favorable long-term PFS
of patients with a PET-negative partial remission after chemo-
therapy demonstrated in the current update supports this PET-
guided radiation strategy.

More recently, PET in advanced-stage HL has been used to
discriminate low-risk from high-risk patients.® The UK RATHL
trial showed that after 2 cycles of ABVD, PET-negative HL
patients can be safely spared from additional bleomycin.” The
GHSG was also able to further reduce the intensity of treatment
in advanced-stage HL: The randomized phase 3 HD18 trial
demonstrated that patients with a negative PET after 2 cycles of
eBEACOPP need only 2 more cycles, rendering 4 cycles of
eBEACOPP the new standard of care in early-responding
patients.'® Thus, treatment with 6xeBEACOPP as established
in the HD135 trial are still considered standard of care in patients
with advanced-stage HL and a positive PET after 2 cycles of
eBEACOPP."!

With an intensified front-line treatment particularly in
advanced-stage patients, the number of relapses has been

substantially reduced over time.*>!%!!" Long-term follow-up
reports in HL are rare but particularly relevant in order to better
understand risk factors for late relapses and how to better avoid
long-term toxicity in this group of young cancer patients. As far
as long-term results are concerned, only smaller case series with
rather few patients who relapsed after 5 years in remission have
been reported to date.'*™* The GHSG retrospectively analyzed
patients included in the HD7 to HD12 trials with a median
observation period of 10 years.'>'® Patients who experienced a
relapse after more than § years in remission were compared with
those in continued remission for more than 5 years. From a total
of 4953 patients who had achieved CR after first-line treatment
and were relapse-free for at least 5 years, 141 patients with late-
relapsed HL were identified. Interestingly, the cumulative
incidence of late HL relapses rose in a linear fashion with no
plateau observed and an estimate of 6.9% late relapses at 20
years after initial diagnosis. More importantly, the risk for
developing HL after being free for at least 5 years was about 85-
fold increased as compared to an age- and sex-matched general
population. On the other hand, more than half of the patients
could still be salvaged even if they had received an intensive
combination as initial therapy.

Despite the fact that the majority of HL patients achieve lasting
complete remission upon first-line treatment, there still is a
considerable risk of late events such as second malignancies,'”~>°
organ damage to lung,>! heart,”* as well as infertility>> and
fatigue.”*** In this update analysis of HD1S, there were
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significantly more cases of secondary leukemia/MDS after
treatment with 8xeBEACOPP, with 10-year cumulative inciden-
ces of 5% as compared to 1% with 6xeBEACOPP and 2% with
8xBEACOPP-14, respectively. Most secondary leukemia/MDS
occurred in the 5-year observation period (n=29)*° as compared
to 14 new cases in years 5 to 10, respectively. In contrast, the
number of patients diagnosed with solid tumor rose from a total
of 24 (1.2%) at 5 years of follow-up to 71 (3%) at the present 10-
year analysis, implying the particular relevance of keeping track
of the development of second cancer even beyond this 10-year
follow-up report.

As shown in this update of the HD13 trial, HL patients are at
increased risk of death compared with an age- and sex-matched
general population: the reported SMRs were 7.1 for 8 cycles of
eBEACOPP and 4.5 for 6 cycles of eBEACOPP, respectively.
With longer follow-up, death from HL has become less common;
on the other hand, other causes of death such as second cancers
were diagnosed more frequently. Importantly, when the
mortality analysis was restricted to the long-term follow-up
period, SMRs still implied a significantly elevated risk of death
also in patients who survived the first 5 years after their HL
diagnosis. Thus, there is clearly a need for more specific new
drugs particularly for this young patient population. In addition,
the response rates to checkpoint inhibitors such as nivolumab or
pembrolizumab in very heavily pretreated HL patients indicate
that the Hodgkin and Reed-Sternberg cells are highly susceptible
to the blockade of the PD1-PD ligand axis.>’*® These agents
might therefore be used to further decrease the intensity of
conventional chemo- and or radiotherapy in HL.

The major limitation of the current analysis is the uncertainty
related to the number of events to be observed with even longer
follow-up. Here, in particular the number of second cancers and
their outcomes will be extremely relevant. In addition, we have no
comprehensive long-term data on cardiovascular complications
such as heart failure. The major strength of this analysis is the
large data set and the extended observation period allowing
reasonable conclusions. In particular, we gained updated
information from nearly 90% of our patients.

The current follow-up analysis of the GHSG HD135 trial clearly
underscores the relevance of comprehensive long-term outcome
analyses in HL patients and adds relevant data on both, tumor
control and safety.
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