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A B S T R A C T

Purpose
Combined-modality treatment is widely considered the standard of care in early-stage Hodgkin
lymphoma (HL), and treatment intensity has been reduced over the last years. Long-term follow-up
is important to judge both efficacy and safety of the different therapies used.

Patients and Methods
We analyzed updated follow-up data on 4,276 patients treated within the German Hodgkin Study
Group trials HD7 and HD10 for early-stage favorable HL and HD8 and HD11 for early-stage un-
favorable HL between 1993 and 2003.

Results
In HD7 (N = 627; median follow-up, 120 months), combined-modality treatment was superior to
extended-field radiotherapy (RT), with 15-year progression-free survival (PFS) of 73% versus
52% (hazard ratio [HR], 0.5; 95% CI, 0.3 to 0.6; P , .001), without differences in overall survival
(OS). In HD10 (N = 1,190; median follow-up, 98 months), noninferiority of two cycles of
doxorubicin, bleomycin, vinblastine, dacarbazine (ABVD) plus 20 Gy involved-field (IF)–RT to
more intensive four cycles of ABVD plus 30 Gy IF-RT was confirmed with 10-year PFS of 87%
each (HR, 1.0; 95%, 0.6 to 1.5) and OS of 94% each (HR, 0.9; 95% CI, 0.5 to 1.6), respectively. In
both trials, no differences in second neoplasias were observed. In HD8 (N = 1,064; median
follow-up, 153 months), noninferiority of involved-field RT to extended-field RT regarding PFS
was confirmed (HR, 1.0; 95%CI, 0.8 to 1.2). In HD11 (N = 1,395; median follow-up, 106months),
superiority of bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine,
and prednisone at baseline over ABVD was not observed. After BEACOPPbaseline, 20 Gy IF-RT
was noninferior to 30 Gy (10-year PFS, 84% v 84%; HR, 1.0; 95% CI, 0.7 to 1.5). In contrast, PFS
was inferior in ABVD-treated patients receiving 20 Gy instead of 30 Gy IF-RT (10-year PFS, 76% v
84%; HR, 1.5; 95% CI, 1.0 to 2.1). No differences in OS or second neoplasias were observed in
in both trials.

Conclusion
Long-term follow-up data of the four randomized trials largely support the current risk-adapted
therapeutic strategies in early-stage HL. Nevertheless, continued follow-up is necessary to assess
the long-term safety of currently applied therapeutic strategies.
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INTRODUCTION

In patients with early-stage Hodgkin lymphoma
(HL), combined-modality treatment (CMT) is
widely considered the standard of care because of
better tumor control compared with radiotherapy
(RT).1,2 Despite high cure rates, treatment-related
toxicity is a major concern in this rather young
patient population. Depending on the intensity of

chemotherapy and RT, the risk of late events, such
as second neoplasias (SN) and organ toxicity,
might be increased.3-8 These potentially treatment-
related morbidities might have an effect on long-
term treatment outcome and significantly con-
tribute to late mortality.7,9 Therefore, subsequent
trials evaluated a reduction of the RT field size and
dose, as well as chemotherapy intensity, aiming at
achieving sufficient tumor control while poten-
tially reducing treatment-associated toxicity.
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In early-stage favorable HL, two cycles of doxorubicin,
bleomycin, vinblastine, dacarbazine (ABVD) followed by 20 Gy IF-
RT is widely considered the standard of care on the basis of the
German Hodgkin Study Group (GHSG) HD10 trial showing
noninferiority compared with more intensive therapy.10 On the
basis of the results of the European Organisation for Research and
Treatment of Cancer (EORTC) H8U and the GHSGHD8 trial, four
cycles of chemotherapy followed by 30 Gy IF-RTare being regarded
as the standard of care in patients with early-stage unfavorable
HL.11,12 In HD8, noninferiority of IF-RT compared with extended
field (EF)–RTwas confirmed with 10-year follow-up.13 Amoderate
increase of chemotherapy intensity using bleomycin, etoposide,
doxorubicin, cyclophosphamide, vincristine, procarbazine, and
prednisone at baseline dosage (BEACOPPbaseline) compared with
ABVD did not improve outcomes in the GHSG HD11 trial.14

So far, long-term data in HL is limited to retrospective,
database-driven analyses or smaller prospective trials. To learn
more on the long-term safety and efficacy of currently applied
risk-adapted CMT strategies in early-stage HL, we updated our
relevant GHSG phase III trials with 10 and 15 years of follow-up,
respectively.

PATIENTS AND METHODS

Patients and Study Design
Between February 1, 1993, and January 13, 2003, 4,794 patients ages

16 to 75 years with newly diagnosed, biopsy-proven, early-stage HL were
included in the GHSG trials HD7, HD8, HD10, and HD12 (Data Sup-
plement). The studies were carried out in accordance with the Declaration
of Helsinki and the International Conference on Harmonization guidelines
for Good Clinical Practice. All patients provided written informed consent
before study entry. The more recent HD10 and HD11 trials were registered
at ClinicalTrials.gov (NCT00265018, NCT00264953).

Patients were assigned to trials for early-stage favorable (HD7, HD10)
or unfavorable (HD8, HD11) disease, depending on the presence of the
following risk factors: (a) large mediastinal mass, (b) extranodal disease,
(c) elevated erythrocyte sedimentation rate, (d) three or more lymph node
areas, and (e) massive spleen involvement as follows: HD7 – clinical stage
(CS) I or II without (a)-(e); HD8— CS IA, IB, or IIA and one or more of
(a)-(e), CS IIB and (c) and/or (d) only, or CS IIIAwithout any risk factors;
HD10—CSI-II without (a)-(d); HD11—CS IA, IB, or IIA and one or more
of (a)-(d), or CS IIB and (c) and/or (d), but not (a) or (b).

Patients received risk-adapted treatment. In HD7, patients were
randomly assigned to receive 30 Gy EF-RT plus 10 Gy IF-RTeither without
(EF-RT group) or with (CMT-group) preceding chemotherapy of two
cycles of doxorubicin, bleomycin, vinblastine, and dacarbazine (ABVD). In
HD8, patients were randomly assigned to receive 30 Gy of either EF-RTor
IF-RT after two alternating cycles of cyclophosphamide, vincristine,
procarbazine, and prednisone (COPP) and ABVD. In HD10, patients were
randomly assigned to receive either four or two cycles of ABVD, followed
by either 30 or 20 Gy IF-RT in a 2 3 2 factorial design. In HD11, pa-
tients were randomly assigned to receive four cycles of either ABVD or
BEACOPPbaseline, followed by either 30 or 20 Gy IF-RT in a 23 2 factorial
design.

Final results of the trials and a first follow-up analysis of HD8 have
been published.1,10,11,13,14 Follow-up assessment was similar across trials,
with appointments at increasing intervals after therapy completion and
computed tomography (CT) only performed at the investigators’ dis-
cretion. Relapse of HL or occurrence of SN were confirmed by biopsy
locally, and reports were verified by GHSG trial physicians before database
entry. Our present analyses are based on all patients included in the most

recent analysis of each respective study. To present results comparable with
those of more recent trials, main analyses were also conducted within the
subgroup of patients with classical HL (all patients with
nodular lymphocyte-predominant HL and missing reference histology
were excluded; Data Supplement).

Statistical Analysis
To assess long-term treatment outcome, we report progression-free

survival (PFS; time from first diagnosis to progressive disease, relapse, or
death from any cause or censored at the date of last information on disease
status) and overall survival (OS; time from first diagnosis to death from any
cause or censored at the date of last information; in cases of information lag
of more than 12 months, information on survival status was obtained from
residents’ registration offices wherever possible). Survival outcomes were
analyzed according to Kaplan-Meier and compared between treatment
groups using log-rank test for the superiority objectives in HD7 (EF-RT v
CMT) and HD11 (ABVD v BEACOPPbaseline) and hazard ratios (HRs) with
95% CIs obtained from Cox regression models. Because margins for the
noninferiority objectives in HD8 (EF-RT v IF-RT), HD10 (four v two
cycles of ABVD and 30 v 20 Gy IF-RT), and HD11 (30 v 20 Gy IF-RT) were
defined as absolute differences in 5-year estimates in the trial protocols, we
calculated margins for the HR using the currently observed 5-year estimate
for PFS and subtracted the original margin. In the factorially designed
HD10 trial, analyses of the chemotherapy comparison were stratified by RT
group and vice versa. In HD11, treatment arms were analyzed separately
because of the interaction between chemotherapy regimen and IF-RT dose
observed in the 5-year analysis.

Cumulative incidence of SN was estimated according to Kaplan-
Meier, accounting for death without preceding SN as a competing risk, and
compared between treatment groups using subdistribution HRs and 95%
CIs obtained from Cox regression models. We estimated standardized
incidence ratios (SIRs) for SN using age- and sex-specific reference values
for the German population.15 Patient characteristics and therapies were
analyzed descriptively. Statistical computations were performed with SAS
(version 9.4; SAS Institute, Cary, NC).

RESULTS

Early-Stage Favorable HL
A total of 650 and 1,370 patients with early-stage favorable HL

had been assigned to the GHSGHD7 and HD10 trials from 1993 to
1998 and 1998 to 2001, respectively; 627 and 1,190 of them could
be included in the present analysis (Table 1; Data Supplement).
Updated follow-up data beyond the previous analysis (in De-
cember 2005 and June 2009, respectively) were available for 56%
and 44% of patients alive by the time of this last analysis and
obtained from residents’ registries in 26% and 11% of these pa-
tients. The median follow-up time for OSwas 136 and 113 months,
respectively, and did not differ between trial arms.

HD7 Long-Term Follow-Up
With 15-year PFS estimates of 52% and 73% and an HR of 0.5

(95%CI, 0.3 to 0.6), superiority of CMT compared with EF-RTwas
confirmed (P, .001). OS did not differ significantly between trial
arms (P = .3), with 15-year estimates of 77% versus 80% and an
HR of 0.8 (95% CI, 0.6 to 1.2; Figs 1A and 1B). As depicted in
Table 2 and the Data Supplement, 15-year estimates for the cu-
mulative incidence of any SN were 16% and 14%, respectively, with
a comparable distribution of solid and hematologic malignancies
and SIRs of 2.7 (95% CI, 1.9 to 3.6) and 3.0 (95% CI, 2.2 to 4.0).
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Only a minority of deaths was HL-related (2% of analyzed patients
in each arm) but instead attributed to SN (5% v 6%), cardio-
vascular disease (3% each), or respiratory disease (2% v 1%;
Table 2)

HD10 Long-Term Follow-Up
Comparison of pooled chemotherapy and RT groups did not

reveal any differences in terms of efficacy (data not shown).
Noninferiority of the least intensive (two cycles of ABVD plus 20
Gy) to the most intensive (four cycles of ABVD plus 30 Gy) arm
was confirmed with 10-year PFS estimates of 87% each and an HR
of 1.0 (95% CI, 0.6 to 1.5 within the calculated margin for
noninferiority of 2.2). The 10-year OS estimates were excellent,
with 94% each and an HR of 0.9 (95% CI, 0.5 to 1.6; Fig 1C and
1D). With SIRs of 2.1 each and a 10-year cumulative incidence of
8% and 9% in arms A and D, respectively, no difference in terms of
incidence and type of SN was observed (Table 2; Data Supple-
ment). SN accounted for the majority of deaths (2% of analyzed
patients), whereas HL-related death was reported in 1% of patients
(Table 2).

Early-Stage Unfavorable HL
From 1993 to 1998 and 1998 to 2003, a total of 1,204 and

1,570 patients with early-stage unfavorable HL had been enrolled

in the GHSG HD8 and HD11 trials, respectively, and 1,064 and
1,395 of them were analyzed (Table 1; Data Supplement). For 41%
and 47% of patients alive at the time of the previous analysis (in
January 2011 and July 2009, respectively), updated follow-up data,
obtained from residents’ registries in 28% and 12% of these pa-
tients, were available, resulting in a median follow-up for OS of 174
and 117 months, respectively, without differences between trial
arms.

HD8 Long-Term Follow-Up
In terms of both PFS and OS, noninferiority of IF-RT versus

EF-RTwas confirmed, with an HR of 1.0 (95% CI, 0.8 to 1.2 within
the calculated noninferiority margin of 1.6) and 0.9 (95%CI, 0.7 to
1.2), respectively (Figs 3A and 3B). Overall, a nonsignificant trend
toward more SN after EF-RT versus IF-RT was observed, with
15-year cumulative incidence estimates of 17% versus 14% (P = .3;
Data Supplement). This trend is more pronounced when exam-
ining only the incidence of acute myeloid leukemia or myelo-
dysplastic syndromes (2.4% v 0.8%; P = .1), but not in non-
Hodgkin lymphoma (2.6% v 2.9%; P = 1.0). In solid SN, the trend
became more pronounced with longer follow-up but did not meet
statistical significance (12% v 10.4%; P = .7, Table 2; Data Sup-
plement). In both arms, SN accounted for the majority of deaths
(6% v 5% of patients), followed by HL (3% each) and cardio-
vascular disease (2% v 3%; Table 2).

Table 1. Characteristics of Patients in the German Hodgkin Study Group Trials HD7, HD10, HD8, and HD11 in Early-Stage Hodgkin Lymphoma

Characteristic

Early-Stage Favorable HL Early-Stage Unfavorable HL

HD7 (N = 627) HD10 (N = 1,190) HD8 (N = 1,064) HD11 (N = 1,395)

Age
Median (range), years 36 (16-75) 36 (16-75) 30 (16-75) 33 (16-75)
$ 60 63 (10) 138 (12) 89 (8) 101 (7)

Male sex 373 (59) 726 (61) 524 (49) 684 (49)
Ann Arbor stage
IA 262 (42) 361/1,189 (30) 54 (5) 47 (3)
IB 19 (3) 24/1,189 (2) 32 (3) 38 (3)
IIA 327 (52) 738/1,189 (62) 713 (67) 942 (68)
IIB 19 (3) 66/1,189 (6) 240 (23) 368 (26)
IIIA 25 (2)

Risk factors
Large mediastinal mass 0 (0) 0 (0) 195 (18) 274 (20)
Extranodal involvement 0 (0) 0 (0) 78 (7) 142 (10)
$3 nodal areas 0 (0) 0 (0) 692 (65) 943 (68)
Elevated ESR 0 (0) 0 (0) 517/1061 (49) 714/1,393 (51)
Massive spleen involvement 0 (0) n.d. 4 (, 1) n.d.

Infradiaphragmatic disease present 55 (9) 96/1187 (8) 107 (10) 106 (8)
Performance status
ECOG = 0 n.d. 1,073/1,184 (91) n.d. 1,021/1,392 (73)
ECOG = 1 n.d. 110/1,184 (9) n.d. 356/1,392 (26)
ECOG = 2 n.d. 1/1,184 (, 1) n.d. 15/1,392 (1)
Karnofsky index, median (range) 10 (7-10)* n.d. 10 (7-10)† n.d.

Histology
NS 198/432 (46) 420/1,079 (39) 586/807 (73) 870/1,265 (69)
MC 141/432 (33) 434/1,079 (40) 146/807 (18) 241/1,265 (19)
NLPHL 63/432 (15) 81/1,079 (8) 15/807 (2) 37/1,265 (3)
Other 30/432 (7) 144/1,079 (13) 60/807 (7) 117/1,265 (9)

NOTE. Data given as No. (%) or No./total (%) unless otherwise indicated.
Abbreviations: ECOG, Eastern Cooperative Oncology Group; ESR, erythrocyte sedimentation rate; HL, Hodgkin lymphoma; MC, mixed cellularity; n.d., not done;
NLPHL, nodular lymphocyte-predominant HL; NS, nodular sclerosis.
*Information missing in 31 patients.
†Information missing in 22 patients.
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HD11 Long-Term Follow-Up
With prolonged follow-up, no difference in PFSwas found with

BEACOPPbaseline compared with standard ABVDwhen consolidated
with 30 Gy (HR, 1.1; 95% CI, 0.7 to 1.5; P = .8; Fig 2A to 2E). In
contrast to the 5-year analysis, BEACOPPbaseline was no longer found
to be significantly superior when followed by 20 Gy IF-RT (HR, 0.8;
95% CI, 0.6 to 1.1; P = .1; Fig 2B). When examining RT dose, there
was a difference of 28.3% (215.2% to 21.3%) in 10-year PFS for
ABVD-treated patients receiving 20 Gy instead of 30 Gy IF-RT, with
an HR of 1.5 (95% CI, 1.0 to 2.1, exceeding the calculated non-
inferiority margin of 1.6; Fig 2C). After BEACOPPbaseline, 20 Gy IF-
RTwas found to be noninferior to 30 Gy IF-RT, with an HR of 1.0
(95% CI, 0.7 to 1.5 within the calculated noninferiority margin of
1.7) for PFS (Fig 2D). In terms of OS (Fig 2E) or SN (Table 2; Data
Supplement), no significant differences or relevant trends could be
observed between trial arms. Most frequent causes of death were HL
(3%), SN (2%), and cardiovascular disease (1%; Table 2).

DISCUSSION

Multiagent chemotherapy followed by RT has significantly
improved the outcome of patients with early-stage HL.1,2,10-12

Nevertheless, SN and organ toxicity especially contribute to
long-term morbidity and mortality,5-7,9 and one aim of current
research in early-stage HL is to reduce treatment-associated
toxicity. Despite the HD.6 trial reporting 10-year median
follow-up comparing mantle-field RT-containing treatment
with ABVD alone,16 long-term follow-up analyses of large
randomized prospective trials evaluating current treatment
strategies with regard to long-term efficacy and safety have not
been published thus far. Here, we report the updated results of
HD7 and HD10 in early-stage favorable HL and HD8 and HD11
in early-stage unfavorable HL, with a follow-up of 10 to 15
years.
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Fig 1. Long-term efficacy data for the German Hodgkin Study Group HD7 and HD10 trials in early-stage favorable Hodgkin lymphoma. (A) PFS in the HD7 trial; (B) overall
survival in the HD7 trial; (C) PFS of arms A and D of the HD10 trial (analysis set for chemotherapy comparison); (D) overall survival of arms A and D of the HD10 trial (analysis
set for chemotherapy comparison). Abbreviations: 2ABVD, two cycles of doxorubicin, bleomycin, vinblastine, and dacarbazine; 4ABVD, four cycles of doxorubicin,
bleomycin, vinblastine and dacarbazine; CMT, combined-modality treatment; EF-RT, extended-field radiotherapy; HR, hazard ratio; PFS, progression-free survival.

2002 © 2017 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY

Sasse et al

Downloaded from ascopubs.org by Johns Hopkins University School of Medicine on June 13, 2021 from 128.220.008.015
Copyright © 2021 American Society of Clinical Oncology. All rights reserved. 



Ta
bl
e
2.

S
ec

on
d
N
eo

pl
as

ia
s
an

d
C
au

se
s
of

D
ea

th
A
ft
er

Tr
ea

tm
en

t
fo
r
E
ar
ly
-S
ta
ge

H
od

gk
in

Ly
m
ph

om
a
in

th
e
G
er
m
an

H
od

gk
in

S
tu
dy

G
ro
up

Tr
ia
ls

H
D
7,

H
D
10

,
H
D
8,

an
d
H
D
11

V
ar
ia
bl
e

E
ar
ly
-S
ta
ge

Fa
vo

ra
bl
e
H
L

E
ar
ly
-S
ta
ge

U
nf
av
or
ab

le
H
L

H
D
7

H
D
10

H
D
8

H
D
11

E
F-
R
T

C
M
T

4A
B
V
D

+
30

G
y

4A
B
V
D

+
20

G
y

2A
B
V
D

+
30

G
y

2A
B
V
D

+
20

G
y

C
O
P
P
/A
B
V
D

+
E
F-
R
T

C
O
P
P
/A
B
V
D

+
IF
-R
T

A
B
V
D

+
30

G
y

A
B
V
D

+
20

G
y

B
E
A
C
O
P
P
b
+

30
G
y

B
E
A
C
O
P
P
b
+

20
G
y

N
=
31

1
N

=
31

6
N

=
29

8
N

=
29

8
N

=
29

5
N

=
29

9
N

=
53

2
N

=
53

2
N

=
35

6
N

=
34

7
N

=
34

1
N

=
35

1

M
ed

ia
n
fo
llo
w
-u
p

di
se

as
e
st
at
us

,
m
on

th
s

12
3

11
8

10
1

92
99

99
16

3
14

4
10

7
10

1
11

1
10

5

M
ed

ia
n
fo
llo
w
-u
p

su
rv
iv
al
,
m
on

th
s

14
4

13
2

11
7

11
3

11
5

11
1

17
7

17
2

11
8

11
5

11
8

11
7

S
ec

on
d
ne

op
la
si
a

A
M
L/
M
D
S
/A
LL

1
(,

1)
3
(1
)

2
(1
)

0
(0
)

0
(0
)

0
(0
)

12
(2
)

4
(1
)

0
(0
)

1
(,

1)
1
(,

1)
2
(1
)

N
H
L/
m
ye

lo
m
a

12
(4
)

7
(2
)

8
(3
)

5
(2
)

5
(2
)

8
(3
)

12
(2
)

12
(2
)

4
(1
)

5
(1
)

6
(2
)

0
(0
)

S
ol
id

tu
m
or

28
(9
)

32
(1
0)

17
(6
)

12
(4
)

14
(5
)

16
(5
)

57
(1
1)

41
(8
)

11
(3
)

16
(5
)

17
(5
)

18
(5
)

To
ta
l

41
(1
3)

42
(1
3)

27
(9
)

17
(6
)

19
(6
)

24
(8
)

81
(1
5)

57
(1
1)

15
(4
)

22
(6
)

24
(7
)

20
(6
)

10
-y
ea

r
cu

m
ul
at
iv
e

in
ci
de

nc
e,

%
(9
5%

C
I)

n.
d.

n.
d.

8
(5
-1
2)

6
(3
-1
0)

8
(4
-1
1)

9
(5
-1
3)

n.
d.

n.
d.

6
(3
-9
)

7
(4
-9
)

7
(4
-1
0)

5
(3
-8
)

15
-y
ea

r
cu

m
ul
at
iv
e

in
ci
de

nc
e,

%
(9
5%

-C
I)

16
(1
1-
22

)
14

(9
-1
9)

n.
d.

n.
d.

n.
d.

n.
d.

17
(1
3-
21

)
14

(1
0-
18

)
n.
d.

n.
d.

n.
d.

n.
d.

S
IR

(9
5%

C
I)

2.
7
(1
.9
-3
.6
)

3.
0
(2
.2
-4
.0
)

2.
1
(1
.4
-3
.1
)

1.
5
(0
.9
-2
.3
)

1.
6
(1
.0
-2
.5
)

2.
1
(1
.4
-3
.2
)

3.
6
(2
.9
-4
.5
)

2.
6
(2
.0
-3
.3
)

1.
4
(0
.8
-2
.3
)

2.
4
(1
.5
-3
.7
)

2.
2
(1
.4
-3
.3
)

1.
7
(1
.0
-2
.6
)

S
ec

on
d
ne

op
la
si
a

w
ith

ou
t
pr
io
r

pr
og

re
ss

io
n
or

re
la
ps

e
of

H
L

34
(1
1)

41
(1
3)

24
(8
)

14
(5
)

17
(6
)

22
(7
)

75
(1
4)

48
(9
)

13
(4
)

19
(5
)

22
(6
)

19
(5
)

C
au

se
s
of

de
at
h

H
od

gk
in

ly
m
ph

om
a

6
(2
)

5
(2
)

3
(1
)

2
(1
)

3
(1
)

2
(1
)

17
(3
)

18
(3
)

9
(3
)

10
(3
)

10
(3
)

12
(3
)

S
ec

on
d
ne

op
la
si
a

16
(5
)

18
(6
)

6
(2
)

4
(1
)

6
(2
)

4
(1
)

34
(6
)

24
(5
)

5
(1
)

8
(2
)

8
(2
)

6
(2
)

C
ar
di
ov

as
cu

la
r

di
se

as
e

9
(3
)

9
(3
)

4
(1
)

3
(1
)

0
(0
)

3
(1
)

13
(2
)

18
(3
)

6
(2
)

3
(1
)

5
(1
)

3
(1
)

P
ul
m
on

ar
y
di
se

as
e

6
(2
)

3
(1
)

1
(,

1)
2
(1
)

0
(0
)

1
(,

1)
6
(1
)

1
(,

1)
1
(,

1)
0
(0
)

0
(0
)

1
(,

1)
O
th
er

di
se

as
e

4
(1
)

4
(1
)

0
(0
)

2
(1
)

2
(1
)

3
(1
)

9
(2
)

3
(1
)

1
(,

1)
3
(1
)

1
(,

1)
2
(1
)

Fi
rs
t-l
in
e
to
xi
ci
ty

3
(1
)

1
(,

1)
3
(1
)

3
(1
)

1
(,

1)
0
(0
)

2
(,

1)
0
(0
)

3
(1
)

1
(,

1)
2
(1
)

1
(,

1)
S
al
va
ge

to
xi
ci
ty

4
(1
)

1
(,

1)
0
(0
)

0
(0
)

4
(1
)

1
(,

1)
3
(1
)

5
(1
)

2
(1
)

1
(,

1)
3
(1
)

2
(1
)

A
cc
id
en

t/S
ui
ci
de

0
(0
)

1
(,

1)
0
(0
)

3
(1
)

0
(0
)

0
(0
)

3
(1
)

1
(,

1)
2
(1
)

1
(,

1)
0
(0
)

1
(,

1)
U
nc

le
ar

13
(4
)

9
(3
)

4
(1
)

1
(,

1)
5
(2
)

3
(1
)

18
(3
)

20
(4
)

3
(1
)

7
(2
)

3
(1
)

5
(1
)

To
ta
l

61
(2
0)

51
(1
6)

21
(7
)

20
(7
)

21
(7
)

17
(6
)

10
5
(2
0)

90
(1
7)

32
(9
)

34
(1
0)

32
(9
)

33
(9
)

N
O
TE

.
D
at
a
gi
ve

n
as

N
o.

(%
)
un

le
ss

ot
he

rw
is
e
in
di
ca

te
d.

A
bb

re
vi
at
io
ns

:2
A
B
V
D
,t
w
o
cy

cl
es

of
do

xo
ru
bi
ci
n,

bl
eo

m
yc

in
,v

in
bl
as

tin
e
an

d
da

ca
rb
az
in
e;

4A
B
V
D
,f
ou

rc
yc

le
s
of

do
xo

ru
bi
ci
n,

bl
eo

m
yc

in
,v

in
bl
as

tin
e
an

d
da

ca
rb
az
in
e;

A
LL

,a
cu

te
ly
m
ph

ob
la
st
ic
le
uk

em
ia
;A

M
L,

ac
ut
e

m
ye

lo
id

le
uk

em
ia
;
B
E
A
C
O
P
P
b
,
bl
eo

m
yc

in
,
et
op

os
id
e,

do
xo

ru
bi
ci
n,

cy
cl
op

ho
sp

ha
m
id
e,

vi
nc

ris
tin

e,
pr
oc

ar
ba

zi
ne

an
d
pr
ed

ni
so

ne
at

ba
se

lin
e
do

sa
ge

;
C
M
T,

co
m
bi
ne

d-
m
od

al
ity

tr
ea

tm
en

t;
C
O
P
P
/A
B
V
D
,
cy

cl
op

ho
s-

ph
am

id
e,

vi
nc

ris
tin

e,
pr
oc

ar
ba

zi
ne

,
pr
ed

ni
so

ne
,
do

xo
ru
bi
ci
n,

bl
eo

m
yc

in
,
vi
nb

la
st
in
e,

an
d
da

ca
rb
az
in
e;

E
F-
R
T,

ex
te
nd

ed
-fi
el
d
ra
di
ot
he

ra
py

;
H
L,

H
od

gk
in

ly
m
ph

om
a
IF
-R
T,

in
vo

lv
ed

-fi
el
d
ra
di
ot
he

ra
py

;
M
D
S
,
m
ye

lo
-

dy
sp

la
st
ic

sy
nd

ro
m
e;

n.
d.
,
no

t
do

ne
;
N
H
L,

no
n-
H
od

gk
in

ly
m
ph

om
a;

S
IR
,
st
an

da
rd
iz
ed

in
ci
de

nc
e
ra
tio

co
m
pa

re
d
w
ith

th
e
ag

e-
an

d
se

x-
m
at
ch

ed
ge

ne
ra
lG

er
m
an

po
pu

la
tio

n.

jco.org © 2017 by American Society of Clinical Oncology 2003

Long-Term Follow-Up in Early-Stage Hodgkin Lymphoma

Downloaded from ascopubs.org by Johns Hopkins University School of Medicine on June 13, 2021 from 128.220.008.015
Copyright © 2021 American Society of Clinical Oncology. All rights reserved. 

http://jco.org


0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

10-year estimate (95% CI)

ABVD + 20 Gy 74.6% (69.3% to 79.9%)

BEACOPPb + 20 Gy 81.9% (77.3% to 86.5%)

Difference 7.3% (0.3% to 14.4%)

HR, 0.8 (0.6 to 1.1); log-rank P = .1

Median observation time, 103 months

347 321 293 283 272 253 216 180 144 120 85 70 57 38 27 11356 340 317 303 282 266 237 204 174 148 114 88 60 38 25 15

351 326 307 297 286 261 232 186 161 140 113 87 72 52 31 15341 318 298 284 280 257 232 198 163 144 120 96 78 54 33 17

No. at risk No. at risk

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 1800 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180

Time (months)Time (months)

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

10-year estimate (95% CI)

ABVD + 30 Gy 83.3% (78.9% to 87.6%)

BEACOPPb + 30 Gy 82.9% (78.4% to 87.3%)

Difference –0.4% (–6.6% to 5.8%)

HR, 1.1 (0.7 to 1.5); log-rank P = .8

Median observation time, 108 months

A B

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

10-year estimate (95% CI)

BEACOPPb + 30 Gy 84.0% (79.6% to 88.4%)

BEACOPPb + 20 Gy 83.7% (79.2% to 88.3%)

Difference –0.3% (–6.6% to 6.0%)

HR, 1.0 (0.7 to 1.5)

Median observation time, 108 months

332 315 296 282 278 255 230 196 161 143 120 96 78 54 33 17343 332 309 295 274 259 233 200 171 145 111 85 59 38 25 15

337 320 301 291 280 256 227 183 158 138 111 87 72 52 31 15339 317 291 281 270 252 215 179 144 120 85 70 57 38 27 11

No. at risk No. at risk

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 1800 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180

Time (months)Time (months)

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

10-year estimate (95% CI)

ABVD + 30 Gy 83.9% (79.4% to 88.3%)

ABVD + 20 Gy 75.6% (70.3% to 80.9%)

Difference –8.3% (–15.2% to –1.3%)

HR, 1.5 (1.0 to 2.1)

Median observation time, 105 months

C D

0.1

0.2
0.3

0.4
0.5
0.6

0.7
0.8

0.9

1.0

10-year estimate (95% CI)

ABVD + 30 Gy 83.3% (78.9% to 87.6%)

ABVD + 20 Gy 74.6% (69.3% to 79.9%)

BEACOPPb + 30 Gy 82.9% (78.4% to 87.3%)

BEACOPPb + 20 Gy

ABVD + 30 Gy 

ABVD + 20 Gy

BEACOPPb + 30 Gy

BEACOPPb + 20 Gy81.9% (77.3% to 86.5%)

Median observation time, 106 months

356 340 317 303 282 266 237 204 174 148 114 88 60 38 25 15 356 350 344 336 331 322 305 264 226 190 150 113 78 55 40 26

347 321 293 283 272 253 216 180 144 120 85 70 57 38 27 11 347 340 334 328 322 317 293 256 218 179 131 106 88 63 43 17

341 318 298 284 280 257 232 198 163 144 120 96 78 54 33 17 341 335 325 321 318 306 293 260 224 191 149 115 95 67 39 21

351 326 307 297 286 261 232 186 161 140 113 87 72 52 31 15 351 344 339 332 331 319 303 259 221 185 146 113 94 67 43 22

No. at risk No. at risk

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180

Time (months) Time (months)

0.1

0.2
0.3

0.4
0.5
0.6

0.7
0.8

0.9
1.0

10-year estimate (95% CI)

90.9% (87.5% to 94.2%)

89.5% (86.1% to 93.0%) 1.2 (0.7 to 1.9)

90.5% (87.2% to 93.9%) 1.0 (0.6 to 1.7)

91.4% (88.2% to 94.7%) 1.0 (0.6 to 1.7)

Median observation time, 117 months

E F

Hazard ratio (95% CI)

1.5 (1.1 to 2.2)

1.1 (0.7 to 1.6)

1.2 (0.8 to 1.7)

Hazard ratio (95% CI)

PF
S 

Ra
te

PF
S 

Ra
te

PF
S 

Ra
te

PF
S 

Ra
te

PF
S 

Ra
te

Ov
er

al
l S

ur
vi

va
l R

at
e

Fig 2. Long-term efficacy data for the German Hodgkin Study Group HD11 trial in early-stage unfavorable Hodgkin lymphoma. (A) Chemotherapy comparison: PFS for
ABVD versus BEACOPPbwith consolidative 30 Gy IF-RT. (B) Chemotherapy comparison: PFS for ABVD versus BEACOPPbwith consolidative 20 Gy IF-RT. (C) Radiotherapy
comparison: PFS for ABVD either followed by 30 or 20Gy IF-RT. (D) Radiotherapy comparison: PFS for BEACOPPb either followed by 30 or 20 Gy IF-RT. (E) PFS for all four
trial arms of the HD11 trial (analysis set for chemotherapy comparison). (F) OS for all four trial arms of the HD11 trial (analysis set for chemotherapy comparison).
Abbreviations: ABVD, doxorubicin, bleomycin, vinblastine, and dacarbazine; BEACOPPb, bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine,
and prednisone at baseline dosage; HR, hazard ratio; IF-RT, involved-field radiotherapy; OS, overall survival; PFS, progression-free survival.
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The presented analyses strongly support the current risk-
adapted treatment strategy in early-stage favorable HL: the 15-
year follow-up analysis of our HD7 trial confirmed the superiority
of CMT, with a 15-year PFS difference of 21% over EF-RT (73% v
52%). A relevant OS difference could not be detected, either in the
7-year analysis1 or in the present update, indicating a reasonable
chance of a second long-term remission in case of relapse. With
prolonged follow-up, OS rates decreased from over 90% after 7
years to 80% and 77% after 15 years. Only a minority of deaths was
related to HL; instead, SN, cardiovascular, and respiratory events
accounted for most deaths, underlining the prognostic relevance of
treatment-associated long-term toxicity.7,9

Retrospective analyses indicate that both RT dose8,17,18 and
field size, as well as intensity of chemotherapy—particularly
alkylating agents and etoposide—correlate with an increased in-
cidence of SN.19 Subsequently, less intensive CMTapproaches have
been evaluated in HD10. In terms of disease control, the present
analysis confirmed noninferiority of two cycles of ABVD followed
by 20 Gy IF-RT to more intensive approaches, with excellent
10-year PFS and OS estimates of 87% and 94%, respectively.10 A
further reduction of chemotherapy intensity by omission of
dacarbazine and/or bleomycin from ABVD cannot be generally
recommended because of poorer tumor control observed in the
GHSG HD13 trial.20

In early-stage unfavorable HL, four cycles of chemotherapy
followed by 30 Gy IF-RT are regarded as standard treatment.11,12

Our long-term HD8 analysis confirms noninferiority of 30 Gy
IF-RT to 30 Gy EF-RTafter two cycles of COPP/ABVD, but 15-year
PFS and OS rates of 74% and 82%, respectively, leave room for
improvement. In the long-term analyses of the subsequent HD11
trial, no significant superiority of BEACOPPbaseline over ABVD was
observed when combined with 30 or 20 Gy IF-RT. Regarding RT,
initial and long-term analyses strongly suggest that moderately
increased chemotherapy allows a dose reduction of IF-RT, with
noninferiority of 20 Gy compared with 30 Gy observed after
BEACOPPbaseline. A further intensification of chemotherapy in

early-stage unfavorable HLwas evaluated in the more recent HD14
trial; here, the combination of two cycles of BEACOPPescalated and
two cycles of ABVD resulted in a significant PFS advantage
compared with four cycles of ABVD at 5 years. Although there has
been more acute toxicity and no improvement in OS so far, the
improved tumor control is a relevant outcome parameter for
patients.21,22 Furthermore, the intensified regimen might enable
positron emission tomography (PET)-guided RT and reduction of
RT dose.

The role of RT in the treatment of early-stage HL has been
frequently addressed.16,23 To date, there are no conclusive data that
support a response-adapted, PET-guided RT approach; both the
the UK National Cancer Research Institute RAPID trial24 and the
EORTC/Group des Etudes des Lymphomes de l’Adulte (GELA)/
Fondazione Italiana Linfomi (FIL) H10 trial25 failed to demon-
strate noninferiority in patients who were PET negative after
chemotherapy and did not receive RT. Currently, the GHSG HD16
and HD17 trials are evaluating a similar PET-guided RTapproach.
The impact of consolidating RT on outcome is supported by
a National Cancer Database analysis of 20,600 patients with early-
stage HL and by a Cochrane analysis, both showing inferior tumor
control and OS with chemotherapy alone compared with
CMT.23,26 Thus, to date, two cycles of ABVD followed by 20 Gy IF-
RT are still considered standard of care in early-stage favorable
HL.2,23 Omission of RT in patients who are PET negative and have
a favorable risk profile can be justified only in selected individual
patients after weighing the risk-benefit ratio of tumor control and
toxicity.

The detailed analysis of incidence rates and subtypes of SN has
not shown any significant differences between treatment arms so
far. In line with prior reports,13,27,28 the 15-year analysis of HD8
shows a trend toward a higher incidence of solid SN and secondary
acute myeloid leukemia or myelodysplastic syndromes in patients
treated with EF-RT compared with IF-RT. With regard to the
latency of several years or even decades until manifestation of
SN—especially of potentially RT-associated secondary solid
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Fig 3. Long-term efficacy data for the German Hodgkin Study Group HD8 trial in early-stage unfavorable Hodgkin lymphoma. (A) PFS in the HD8 trial; (B) OS in the HD8
trial. Abbreviations: COPP/ABVD, cyclophosphamide, vincristine, procarbazine, prednisone, doxorubicin, bleomycin, vinblastine, and dacarbazine; EF-RT, extended-field
radiotherapy; HR, hazard ratio; IF-RT, involved-field radiotherapy; OS, overall survival; PFS, progression-free survival.
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tumors, as shown in the Data Supplement and as reported by
several retrospective analyses—the follow-up period of HD8,
HD10, and HD11 is probably still too short to confidentially assess
the risk of SN with reduced RT doses and a reduced field size,
respectively.29 With the current follow-up of HD10 and HD11, no
difference in cumulative incidence of SN was detected between
20 or 30 Gy IF-RT. Subsequent analyses with even longer follow-up
will have to confirm that the reduction of RT field size or dose
indeed translates into a reduced risk of SN.

The present data suggest a lower risk of smaller RT field size
on SN; however, there is no such benefit detectable yet in patients
who have received a lower RT dose. To what extent the increased
SIRs of SN, even after two cycles of ABVD and 20 Gy IF-RT, is
attributable to RT and/or chemotherapy remains unclear. A recent
EORTC analysis reported significantly increased cardiovascular
disease per 1 Gy increase of mean heart radiation dose and per
a 50-mg/m2 increase of cumulative anthracycline dose.30 Another
recent study focusing on serious cardiac events in younger HL
survivors found an increase of grade 3 to 5 events after cardiac RT
doses$ 35 Gy but not after doses of 15 to 35 Gy or with cumulative
anthracycline doses of $ 250 mg/m.2,6 These findings emphasize
the need for thorough and prolonged follow-up after initial HL
therapy and a critical re-evaluation of the available follow-up data.

The reported analyses are limited by the fact that updated
information beyond the last previous analysis has been provided
for only approximately half of the eligible patients. Lack of long-
term follow-up is an issue observed in many trials, particularly for
early-stage HL.Many years after successful therapy, patients tend to
continue follow-up with their general practitioners, and some do
not attend follow-up visits at all after a certain time. To ensure that
results of the main study objectives are not significantly biased by
this information lag, we compared patients with and without new
information and found no relevant differences in baseline char-
acteristics or allocation between treatment arms. We also found

only a few patients (, 1%) with the only new information being
the diagnosis of an adverse event, making over-reporting of re-
lapses, SN, or deaths unlikely. Hence, we feel that our analysis
contributes significantly to the understanding of the long-term
course of disease after contemporary first-line strategies in early-
stage HL.

In conclusion, our updated analyses confirm the excellent
efficacy of two cycles of ABVD followed by 20 Gy IF-RT in early-
favorable HL and support the approach to apply an intensified
chemotherapy regimen in early-unfavorable HL to improve tu-
mor control and to enable a reduction of RT intensity. The
documented impact of treatment-related SN and organ toxicity
on long-term survival in all four trials underlines the persistent
need to develop less toxic but equally effective approaches for the
treatment of HL.
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