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A B S T R A C T

Purpose
Patients who receive combined modality treatment for stage I and II Hodgkin lymphoma (HL) have
an excellent outcome. Early response evaluationwith positron emission tomography (PET) scanmay
improve selection of patients who need reduced or more intensive treatments.

Methods
We performed a randomized trial to evaluate treatment adaptation on the basis of early PET (ePET)
after two cycles of doxorubicin, bleomycin, vinblastine, and dacarbazine (ABVD) in previously
untreated—according to European Organisation for Research and Treatment of Cancer criteria
favorable (F) and unfavorable (U)—stage I and II HL. The standard arm consisted of ABVD followed
by involved-node radiotherapy (INRT), regardless of ePET result. In the experimental arm, ePET-
negative patients received ABVD only (noninferiority design), whereas ePET-positive patients
switched to two cycles of bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine,
procarbazine, and prednisone (BEACOPPesc) and INRT (superiority design). Primary end point was
progression-free survival (PFS).

Results
Of 1,950 randomly assigned patients, 1,925 received an ePET—361 patients (18.8%) were positive.
In ePET-positive patients, 5-year PFS improved from 77.4% for standard ABVD + INRT to 90.6% for
intensification to BEACOPPesc + INRT (hazard ratio [HR], 0.42; 95% CI, 0.23 to 0.74; P = .002). In
ePET-negative patients, 5-year PFS rates in the F group were 99.0% versus 87.1% (HR, 15.8; 95%
CI, 3.8 to 66.1) in favor of ABVD + INRT; the U group, 92.1% versus 89.6% (HR, 1.45; 95%CI, 0.8 to
2.5) in favor of ABVD + INRT. For both F and U groups, noninferiority of ABVD only compared with
combined modality treatment could not be demonstrated.

Conclusion
In stage I and II HL, PET response after two cycles of ABVD allows for early treatment adaptation.
When ePET is positive after two cycles of ABVD, switching to BEACOPPesc + INRT significantly
improved 5-year PFS. In ePET-negative patients, noninferiority of ABVD only could not be dem-
onstrated: risk of relapse is increased when INRT is omitted, especially in patients in the F group.

J Clin Oncol 35:1786-1794. © 2017 by American Society of Clinical Oncology

INTRODUCTION

Treatment of early-stage Hodgkin lymphoma (HL)
is extremely successful, with a more than 90% cure
rate. The backbone of these results is a combination
of chemotherapy and radiotherapy (RT)1,2; how-
ever, late toxicities—mainly second malignancies3,4

and cardiovascular events—are ofmajor concern.5,6

Extended RT fields and alkylating agents are
held responsible, and avoidance of RT has been
tested in several randomized trials but is asso-
ciated with an increased risk of early relapse.7

Conversely, a small, clinically relevant subgroup
of patients experience failure with standard
combined modality treatment (CMT) treatment.
A sensitive tool to identify early those patients who
have a high cure rate with current standards and
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those who should switch to other treatment is a clear unmet
need.

A positron emission tomography (PET) scan performed early
during treatment, after two cycles of chemotherapy, predicts
outcome when the preplanned treatment is continued: patients
with a negative early PET (ePET) scan have the greatest chance of
achieving cure (. 90%), whereas outcomes for those with
a positive ePET scan is significantly worse.8-10 It is tempting to
consider the ePETscan as the missing tool in selecting patients who
can be treated less intensively, without RT, and those who need
early intensified therapy; therefore, we designed a randomized trial
in which patients with stage I and II HLwere randomly assigned to
either a standard CMT program, regardless of the result of the
ePET, or to an experimental arm in which patients with a negative
ePET scan were treated with chemotherapy alone and those with
a positive ePET scan changed from conventional chemotherapy to
an intensified schedule. This H10 Intergroup trial (European
Organisation of Research and Treatment of Cancer [EORTC],
Lymphoma Study Association, and Fondazione Italiana Linfomi) is
the first and only trial, to our knowledge, to incorporate a ran-
domized ePET response-adapted treatment strategy for both the
ePET-negative and the ePET-positive patients with stage I and II
HL. Results of the preplanned interim analysis of the ePET-
negative groups of patients have been published.11 Here, we re-
port the final analysis of all patients.

METHODS

Eligibility
Previously untreated patients, age 15 to 70 years, with classic

supradiaphragmatic stage I and II HLwere eligible. Both favorable (F) and
unfavorable (U) patients, according to EORTC criteria,1 were included
(U: at least one of the following criteria: age$ 50 years or more than three
nodal areas or mediastinal-thoracic ratio $ 0.35 or no B symptoms and
erythrocyte sedimentation rate [ESR]$ 50 or B symptoms and ESR$ 30;
F: all others). Staging was based on conventional computed tomography
scanning12; a baseline PETwas recommended. The study was approved by
the scientific and ethical committees and all patients gave written informed
consent (full protocol in the Appendix SA1, online only).

Study Design
In this multicenter, phase III trial, patients were randomly assigned

upfront in a 1:1 ratio to either standard CMT or experimental ePET
response–adapted treatment. A minimization technique was used for
treatment allocation in the F and U groups separately, stratifying by in-
stitution, Ann Arbor stage (I v II), and availability of baseline PET. All
patients received two cycles of doxorubicin, bleomycin, vinblastine, and
dacarbazine (ABVD), after which an ePET was performed.

The primary objective of the study was to evaluate whether involved-
node RT (INRT) could be omitted without loss of efficacy in ePET-negative
patients after two cycles of ABVD. In the standard arm, ePET-negative
patients received one (for F) or two (for U) additional ABVD cycles,
followed by INRT. In the experimental arm, ePET-negative patients re-
ceived two (for F) or four (for U) additional ABVD cycles but no ra-
diotherapy (Fig 1).11 This primary objective was evaluated in F and U
patients separately.

The secondary objective was to evaluate whether intensification with
escalated doses of bleomycin, etoposide, doxorubicin, cyclophosphamide,
vincristine, procarbazine and prednisone (BEACOPPesc) after two cycles
of ABVD would improve outcome in ePET-positive patients. In the

standard arm, ePET-positive patients received one (for F) or two (for U)
additional ABVD cycles, followed by INRT, whereas in the experimental
arm, ePET-positive patients (both F and U) switched to two cycles of
BEACOPPesc followed by INRT (Fig 1). For this objective, ePET-positive F
and U patients were pooled because of their presumed common poor
prognosis.

Treatment
ABVD and BEACOPPesc were administered as described previously.13

RT was delivered according to the EORTC INRT concept: only initially
involved nodes were irradiated instead of whole areas.14,15 Training sessions
were organized before the start of the trial in all participating countries,
and a nonmandatory prospective quality assurance program was per-
formed in France.

PET Scanning
ePET was scheduled between days 22 and 25 of the second cycle of

ABVD. Images were scored according to International Harmonization
Project criteria.16 According to these criteria, mediastinal blood pool
activity is recommended as reference background activity to define PET
positivity of a residual mass $ 2 cm in greatest transverse diameter, re-
gardless of its location. A smaller residual mass or a normal-sized lymph
node is considered positive if its activity is above that of the surrounding
background. A prospective central review of ePET was planned. For the
Lymphoma Study Association, central review was performed online from
the start of the trial in 2006.17 For EORTC and Fondazione Italiana
Linfomi, central review started 2 years later as a result of information
technology system incompatibility problems. In the absence of a timely
centralized reading, local ePET reports decided further treatment in the
experimental arm.

Statistical Design
Primary end point was progression-free survival (PFS), defined—

from the date of random assignement to date of progression—as expe-
riencing relapse after previous complete remission or progression after
reaching partial remission (50% decrease and resolution of B symptoms
and no new lesions); progressive disease (50% increase from nadir of any
previous partial remission lesions or appearance of new lesions) on
computed tomography scan measurements during protocol treatment; or
death from any cause, whichever occurred first. This objective was assessed
via noninferiority test using a log-rank test stratified by stage (I v II) and
availability of baseline PET, with a one-sided significance level of .025.
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2 BEACOPPesc + INRT
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2 ABVD
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Fig 1. Study design. ABVD, doxorubicin, bleomycin, vinblastine, and dacarba-
zine; BEACOPPesc, bleomycin, etoposide, doxorubicin, cyclophosphamide, vin-
cristine, procarbazine and prednisone; F, favorable; INRT, involved-node radiotherapy;
PET, positron emission tomography; U, unfavorable.
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Assuming a 5-year PFS in the ePET-negative standard arm of 95% for
F group and 90% for U group, as well as allowing for a decrease of 10%, the
resulting noninferiority margins for the hazard ratios (HRs) were 3.2 and
2.1 for F and U groups, respectively. As a result of the good prognosis of
these patients, the absolute difference of 10% translates into noninferiority
margins that are markedly higher than the noninferiority margins for HRs.
Noninferiority is concluded if the upper bound of the 95% CI for the
estimated HR does not exceed the noninferiority margin. A total of 26 and
63 events (progressions or deaths) for F and U groups, respectively, were
required for 80% power. The original protocol estimated that a total of 248
ePET-positive patients and a total of 77 events would be obtained si-
multaneously. This would give 77% power to detect a 20% improvement in
5-year PFS (from 50% to 70%) using a two-sided log-rank test (a = .05).

The interim futility analysis of ePET-negative patients was previously
reported and a safety amendment to close the ABVD only arms was issued
in August 2010.11 At the same time, an interim efficacy analysis was
performed on ePET-positive patients and the target accrual for ePET-
positive patients was increased to 355 to reach the expected number of
events in a reasonable timeframe. The study was closed without any in-
terruption in recruitment in June 2011. In 2013, the independent data
monitoring committee recommended that the final analysis be performed
at least 3 years after the last patient was enrolled.

Statistical Analysis
Primary efficacy analyses were conducted on the intention-to-treat

(ITT) principle in all patients with ePET result after the first two cycles of
ABVD. Preplanned sensitivity analyses, including a per-protocol analysis,
were also performed. The present noninferiority analysis on ePET-negative
patients includes 900 patients who were included in the interim analysis11

as well as additional patients who were randomly assigned between the
interim analysis and the safety amendment (overruns). ePET-negative
patients included after the safety amendment and all who were treated with

CMT are not included in this final analysis. A Cox proportional hazards
regression model was used to estimate treatment effect HRs and their 95%
CIs. Survival curves were estimated on the basis of the Kaplan–Meier
method and 5-year survival estimates were provided, together with their
95% CI. In ePET-positive patients, a two-sided superiority test for PFS was
used with a significance level of .037 to account for the type I error spent at
the interim analysis for early superiority.

RESULTS

Patients
From November 2006 to June 2011, 1,950 patients were

enrolled (Fig 2). Clinical characteristics of 361 ePET-positive
patients, 1,059 ePET-negative patients who were treated per the
initial protocol, and 505 ePET-negative patients who were enrolled
after the safety amendment are listed in Table 1. Twenty-five
patients who were included did not receive ePET after two cy-
cles of ABVD. Baseline recommended PET was performed in
96% of patients. Seventy-five percent of ePET scans were cen-
trally reviewed, with 93% concordance with local assessment
(Cohen’s k = 0.78; 95% CI, 0.74 to 0.82). ePET positivity was
reported in 18.8% of patients: 13.0% and 22.4% in F and U groups,
respectively.

Outcome of ePET-Positive Patients
In the overall ePET-positive group (n = 361), after a median

follow-up of 4.5 years, a total of 57 events for PFS occurred: 41—36
relapses and 5 deaths not related to HL—in the ABVD + INRTarm

Patients were randomly assigned (N = 1,950)

Did not start, complete
first 2 cycles ABVD,

or no PET scan 
(n = 25)

Not eligible
(n = 30)

4 3 14 4

Unfavorable
(n = 1,196)

Favorable
(n = 754)

227 assigned to 3 ABVD+INRT 238 assigned to 4 ABVD 292 assigned to 4 ABVD + INRT 302 assigned to 6 ABVD

Standard
(n = 371)

Experimental
(n = 376)

Standard
(n = 583)

Experimental
(n = 595)

90 assigned to 3 ABVD+INRT 95 assigned to 3 ABVD + INRT 153 assigned to 4 ABVD + INRT 167assigned to 4 ABVD + INRT

53: 3 ABVD + INRT
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30: 2ABVD + 2 BEACOPP + INRT
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    7: 4-6 ABVD + INRT
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    1: 2 ABVD + INRT
    1: 4 ABVD
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    1: 2 ABVD + 2 BEACOPP + INRT
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    1: 2 ABVD + 2 BEACOPP + INRT

301: 6 ABVD
    1: 2 ABVD + 2 BEACOPP + INRT

89: 3 ABVD + INRT
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95: 3 ABVD + INRT 153: 3 ABVD + INRT 164: 4 ABVD + INRT
    2: 2 ABVD + 2 BEACOPP + INRT
    1: 4 ABVD

361 ePET positive

1,059 ePET negative  treated

as per initial protocol 
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after safety amendment

(all treated with ABVD + INRT)

Fig 2. CONSORT diagram. ABVD, doxorubicin, bleomycin, vinblastine, and dacarbazine; BEACOPPesc, bleomycin, etoposide, doxorubicin, cyclophosphamide,
vincristine, procarbazine, and prednisone; INRT, involved-node radiotherapy; PET, positron emission tomography.
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André et al

Downloaded from ascopubs.org by 155.185.104.243 on April 15, 2021 from 155.185.104.243
Copyright © 2021 American Society of Clinical Oncology. All rights reserved. 



Ta
bl
e
1.

P
at
ie
nt

C
ha

ra
ct
er
is
tic

s

C
ha

ra
ct
er
is
tic

Tr
ea

tm
en

t
A
rm

eP
E
T
P
os

iti
ve

(n
=
36

1)

eP
E
T
N
eg

at
iv
e

Tr
ea

te
d
pe

r
In
iti
al

P
ro
to
co

l
(n

=
1,
05

9)
Tr
ea

te
d
pe

r
S
af
et
y
A
m
en

dm
en

t
(n

=
50

5)

Fa
vo

ra
bl
e
(n

=
97

)
an

d
U
nf
av
or
ab

le
*

(n
=
26

4)
Fa

vo
ra
bl
e
(n

=
46

5)
U
nf
av

or
ab

le
*
(n

=
59

4)
Fa

vo
ra
bl
e

(n
=
18

5)
U
nf
av
or
ab

le
*

(n
=
32

0)

3
or

4
A
B
V
D
+
IN
R
T

(n
=
19

2)

2
A
B
V
D
+
2

B
E
A
C
O
P
P
es

c
+
IN
R
T

(n
=
16

9)
3
A
B
V
D

+
IN
R
T

(n
=
22

7)
4
A
B
V
D

(n
=
23

8)
4
A
B
V
D

+
IN
R
T

(n
=
29

2)
6
A
B
V
D

(n
=
30

2)
3
A
B
V
D

+
IN
R
T†

4
A
B
V
D

+
IN
R
T†

A
ge

,
ye

ar
s

M
ed

ia
n

30
30

31
30

32
31

28
31

R
an

ge
15

-6
6

15
-7
0

15
-4
9

15
-4
9

15
-7
0

16
-7
0

17
-4
9

16
-6
8

Fe
m
al
e
se

x
94

(4
9.
0)

74
(4
3.
8)

96
(4
2.
3)

12
4
(5
2.
1)

15
1
(5
1.
7)

16
5
(5
4.
6)

10
1
(5
4.
6)

18
1
(5
6.
6)

A
nn

A
rb
or

st
ag

e
I

47
(2
4.
5)

31
(1
8.
3)

65
(2
8.
6)

76
(3
1.
9)

56
(1
9.
2)

59
(1
9.
5)

50
(2
7.
0)

44
(1
3.
8)

B
sy

m
pt
om

s
67

(3
4.
9)

63
(3
7.
3)

18
(7
.9
)

20
(8
.4
)

10
8
(3
7.
0)

12
1
(4
0.
1)

19
(1
0.
3)

12
9
(4
0.
3)

B
ul
ky

m
ed

ia
st
in
um

‡
71

(3
7.
0)

69
(4
0.
8)

1
(0
.4
)

1
(0
.4
)

12
1
(4
1.
4)

11
9
(3
9.
4)

0
(0
.0
)

13
5
(4
2.
2)

U
nf
av
or
ab

le
pr
og

no
st
ic

fa
ct
or
s*

13
5
(7
0.
3)

12
2
(7
2.
2)

3
(1
.3
)

3
(1
.3
)

28
0
(9
6.
0)

29
0
(9
6.
0)

0
(0
.0
)

32
0
(1
00

)

N
od

ul
ar

sc
le
ro
si
s
hi
st
ol
og

y
14

8
(7
7.
1)

13
5
(7
9.
9)

17
5
(7
7.
1)

17
5
(7
3.
5)

25
2
(8
6.
3)

24
9
(8
2.
5)

14
9
(8
0.
5)

28
5
(8
9.
1)

B
as

el
in
e
P
E
T
sc

an
17

8
(9
2.
7)

16
0
(9
4.
7)

21
9
(9
6.
5)

22
7
(9
5.
4)

27
8
(9
5.
2)

28
7
(9
5.
0)

18
0
97

.3
)

31
0
(9
6.
9)

Fo
llo
w
-u
p,

ye
ar
s

M
ed

ia
n
(ra

ng
e)

4.
6
(0
.5
-6
.9
)

4.
4
(0
.2
-7
.2
)

5.
0
(0
.5
-7
.3
)

5.
0
(1
.0
-7
.1
)

5.
1
(0
.7
-7
.1
)

5.
1
(0
.2
-7
.4
)

3.
3
(0
.5
-4
.2
)

3.
5
(0
.8
-4
.3
)

5-
Y
ea

r
P
FS

,
%

(9
5%

C
I)

77
.4

(7
0.
4
to

82
.9
)

90
.6

(8
4.
7
to

94
.3
)

99
.0

(9
5.
9
to

99
.7
)

87
.1

(8
2.
1
to

90
.8
)

92
.1

(8
8.
0
to

94
.8
)

89
.6

(8
5.
5
to

92
.6
)

98
.9
§
(9
5.
6
to

99
.7
)

95
.5
§
(9
2.
5
to

97
.3
)

5-
Y
ea

r
O
S
,
%

(9
5%

C
I)

89
.3

(8
3.
4
to

93
.2
)

96
.0

(9
1.
1
to

98
.2
)

10
0.
0
(n
a)

99
.6

(9
7.
0
to

99
.9
)

96
.7

(9
3.
7
to

98
.3
)

98
.3

(9
6.
0
to

99
.3
)

10
0§

(n
a)

99
.7
§
(9
7.
7
to

10
0.
0)

N
O
TE

.
D
at
a
gi
ve

n
as

N
o.

(%
)
un

le
ss

ot
he

rw
is
e
no

te
d.

A
bb

re
vi
at
io
ns

:
A
B
V
D
,
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;

B
E
A
C
O
P
P
es

c,
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
;
IN
R
T,

in
vo

lv
ed

-n
od

e
ra
di
ot
he

ra
py

;
na

,
no

t
ap

pl
ic
ab

le
;
O
S
,
ov

er
al
ls

ur
vi
va
l;
P
E
T,

po
si
tr
on

em
is
si
on

to
m
og

ra
ph

y;
P
FS

,
pr
og

re
ss
io
n-
fr
ee

su
rv
iv
al
.

*U
nf
av
or
ab

le
:a
tl
ea

st
on

e
of

th
e
fo
llo
w
in
g
cr
ite

ria
:a
ge

$
50

ye
ar
s
or

.
3
no

da
la
re
as

or
m
ed

ia
st
in
al
-th

or
ac

ic
ra
tio

$
0.
35

or
no

B
sy

m
pt
om

s
an

d
er
yt
hr
oc

yt
e
se

di
m
en

ta
tio

n
ra
te

(E
S
R
)$

50
or

B
sy

m
pt
om

s
an

d
E
S
R
$

30
.

Fa
vo

ra
bl
e:

al
lo

th
er
s

†
A
ll
ea

rly
P
E
T-
ne

ga
tiv

e
pa

tie
nt
s
w
ho

w
er
e
in
cl
ud

ed
af
te
r
th
e
sa

fe
ty

am
en

dm
en

t
re
ce

iv
ed

tr
ea

tm
en

t
w
ith

A
B
V
D

+
IN
R
T,

as
th
e
in
de

pe
nd

en
t
da

ta
m
on

ito
rin

g
co

m
m
itt
ee

re
co

m
m
en

de
d
to

cl
os

e
th
e
A
B
V
D

on
ly
ar
m
.

‡
B
ul
ky

m
ed

ia
st
in
um

is
de

fi
ne

d
as

a
m
ed

ia
st
in
al
-th

or
ac
ic

ra
tio

$
0.
35

.
§A

s
th
e
m
ed

ia
n
fo
llo
w
-u
p
is

sh
or
te
r
in

th
es

e
gr
ou

ps
th
at

w
er
e
in
cl
ud

ed
af
te
r
th
e
sa

fe
ty

am
en

dm
en

t,
P
FS

an
d
O
S
ar
e
gi
ve

n
at

3
ye

ar
s.

jco.org © 2017 by American Society of Clinical Oncology 1789

Early PET-Adapted Treatment in Stage I and II HL

Downloaded from ascopubs.org by 155.185.104.243 on April 15, 2021 from 155.185.104.243
Copyright © 2021 American Society of Clinical Oncology. All rights reserved. 

http://jco.org


and 16—13 relapses and 3 deaths not related to HL—in the
BEACOPPesc + INRTarm. ITT 5-year PFS rates were 77.4% (95%
CI, 70.4 to 82.9) and 90.6% (95% CI, 84.7 to 94.3) in the ABVD +
INRT and BEACOPPesc + INRT arms, respectively, with HR, 0.42
(95%CI, 0.23 to 0.74; P = .002) in favor of BEACOPPesc + INRT
(Fig 3A).

In the ABVD + INRT arm, 23 patients experienced relapse
exclusively in previously involved nodes, eight in previously un-
involved nodes, and five in both, whereas in the BEACOPPesc +
INRT arm, seven patients experienced relapse exclusively in pre-
viously involved nodes, four in previously uninvolved nodes, and
two in both.

The 5-year overall survival (OS) rates were 89.3% versus
96.0% for ABVD + INRT and BEACOPPesc + INRT, respectively,
with HR, 0.45 (95% CI, 0.19 to 1.07; P = .062; Fig 3B).

Preplanned sensitivity analyses, including a per-protocol
analysis, were performed and led to similar conclusions (Appendix
Table A1, online only).

Outcome of ePET-Negative Patients
In the F group (n = 465), after a median follow-up of 5.0 years,

a total of 33 events for PFS occurred: two patients experienced
relapse in the ABVD + INRT arm versus 30 patients who expe-
rienced relapse and one patient who died from a cause not related
to HL in the ABVD only arm. ITT 5-year PFS rates were 99.0%
(95% CI, 95.9 to 99.7) and 87.1% (95% CI, 82.1 to 90.8) in the
ABVD + INRT and ABVD only arms, respectively, with HR, 15.8
(95% CI, 3.8 to 66.1) in favor of ABVD + INRT (Fig 4A).
Noninferiority could not be demonstrated as the upper bound of
the 95% CI for the estimated HR (66.07) exceeded the prespecified
noninferiority margin (3.2).

In the ABVD + INRT arm, no patient experienced relapse
exclusively in previously involved nodes, one in previously un-
involved nodes, and one in both, whereas in the ABVD only arm,
22 patients experienced relapse exclusively in previously involved
nodes, five in previously uninvolved nodes, and three in both.

Table 2 lists the causes of death. The 5-year OS rates were
100.0% versus 99.6% for ABVD + INRT and ABVD only arms,
respectively (Appendix Fig A1A, online only).

In the U group (n = 594), after a median follow-up of 5.1
years, a total of 54 events for PFS occurred: 16 patients expe-
rienced relapse and six died from causes not related to HL in the
ABVD + INRTarm, whereas 30 patients experienced relapse and
two died from causes not related to HL in the ABVD only arm.
ITT 5-year PFS rates were 92.1% (95% CI, 88.0 to 94.8) and
89.6% (95% CI, 85.5 to 92.6) in the ABVD + INRT and ABVD
only arms, respectively, with HR, 1.45 (95% CI, 0.8 to 2.5) in
favor of ABVD + INRT (Fig 4B). Noninferiority could not be
demonstrated as the upper bound of the 95% CI for the esti-
mated HR (2.50) exceeded the prespecified noninferiority
margin (2.10).

In the ABVD + INRT arm, five patients experienced relapse
exclusively in previously involved nodes, four in previously un-
involved nodes, and six in both, with one unknown, whereas in the
ABVD only arm, 20 patients experienced relapse exclusively in
previously involved nodes, four in previously uninvolved nodes,
and six in both.

Causes of death are listed in Table 2. The 5-year OS rates were
96.7% versus 98.3% for ABVD + INRT and ABVD only arms,
respectively (Appendix Fig A1B). Preplanned sensitivity analyses,
including a per-protocol analysis, were performed and led to
similar conclusions (Appendix Table A1).

The outcomes of the 505 ePET-negative patients who were
included after the safety amendment and all treated with CMT did
not differ from those of the standard CMT in the randomized
setting (Table 2).

Treatment Compliance and Toxicity
No unexpected toxicities were observed in ePET-negative

patients in either arm.
In ePET-positive patients, overall, 8.6% did not start the

allocated chemotherapy after ePET: four patients in the ABVD +
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Fig 3. Progression-free and overall survival of early positron emission tomography (PET)–positive patients. Shown are the rates of (A) progression-free and (B) overall
survival of early PET-positive patients who were randomly assigned to treatment with either standard doxorubicin, bleomycin, vinblastine, and dacarbazine (ABVD) +
involved-node radiotherapy (INRT; n = 192) or experimental bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone
(BEACOPPesc) + INRT (n = 169). HR, hazard ratio, O observed; n, number of patients.
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André et al

Downloaded from ascopubs.org by 155.185.104.243 on April 15, 2021 from 155.185.104.243
Copyright © 2021 American Society of Clinical Oncology. All rights reserved. 



INRT arm and 27 patients in the BEACOPPesc + INRT arm—two
thirds of the latter because of patient and/or investigator decision.
Eleven percent of those who were allocated to the ABVD + INRT
did not receive INRT, mainly because of progression after che-
motherapy but before the start of INRT. Only 1.8% in the BEA-
COPPesc arm did not receive INRT.

More grade 3 and 4 hematologic toxicities were observed
in the BEACOPPesc + INRT arm compared with the ABVD +
INRT arm: neutropenia (53.5% v 30.3%), anemia (4.9% v
0.0%), and thrombocytopenia (19.7% v 0.0%). Grade 3 and 4
febrile neutropenia episodes occurred in 23.9% versus 1.1% of
patients, whereas infections without neutropenia were reported
in 5.6% versus 1.1%, respectively. Four months after the end
of CMT, one patient died of pneumonitis in the BEACOPPesc
arm. Altogether, 42 second malignancies were reported
(Table 2).

DISCUSSION

The H10 trial was designed to evaluate an ePET response–based
adaptation of treatment in patients with stage I and II HL. If
ePET-positive patients could benefit from early intensification
of chemotherapy, failure rates could decrease. If ePET-negative
patients could be spared RT, long-term toxicity could be
reduced.

After two cycles of ABVD, 18.8% of patients had a positive
ePET. A significant improvement (13.2%) of 5-year PFS was
reached in the experimental BEACOPPesc + INRT arm com-
pared with continuation with ABVD + INRT. Even a benefit in
OS of 6.7%, with a trend toward statistical significance, was
observed. This finding is of immediate clinical relevance be-
cause on the basis of an ePET result, , 20% of patients needed

intensified chemotherapy to obtain superior PFS rates after
starting with ABVD. In the German Hodgkin Study Group HD
14 trial, patients with intermediate stage I and II HL were
randomly assigned to either two cycles of BEACOPPesc fol-
lowed by two cycles of ABVD versus four cycles of ABVD in
both arms followed by involved-field RT (IFRT).18 No ePETwas
included in this design. This resulted in a modestly but sig-
nificantly better PFS for BEACOPPesc + ABVD, but at the cost
of exposing all patients from the start to BEACOPPesc. The H10
results demonstrate that ePETresponse–adapted intensification
is as effective as the HD14 approach, but might spare 77.6% of
the U patients from treatment with BEACOPPesc. The rela-
tive dose intensity of the restricted number of two cycles of
BEACOPPesc was excellent and hematologic toxicities were
manageable. We do not yet have results on fertility in our trial,
but preliminary analysis of the HD 14 trial revealed no sig-
nificant differences in female fertility potential after two cycles
BEACOPPesc and two cycles of ABVD compared with four
cycles of ABVD.19 The gap in time between random assignment
and experimental intervention could be associated with a risk
of bias in the current study; however, clinical characteristics
and prognostic factors seem to be adequately balanced be-
tween both arms. In view of the significant reduction in the risk
of relapse, manageable toxicity, acceptable risk of female in-
fertility, and avoidance of second-line high-dose treatment with
autologous stem cell rescue for patients who experience relapse,
PET-adapted intensification in ePET-positive patients is a re-
alistic treatment option.

ePET-negative patients had excellent outcomes, but the
5-year risk difference in PFS was 11.9% and 2.5% in favor of CMT
in the F and U groups, respectively; however, for both the F and
U groups, noninferiority of ABVD only could not be declared as
the upper bound of the 95% CI of the estimated HRs exceeded

HR, 15.8 (95% CI, 3.79 to 66.07)
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Fig 4. Progression-free survival of 1,059 early positron emission tomography–negative patients who were treated per the initial protocol. Shown are the rates of
progression-free survival of the (A) favorable (F) groups of patients randomly assigned to doxorubicin, bleomycin, vinblastine, and dacarbazine (ABVD) + involved-node
radiotherapy (INRT; n = 227) or ABVD only (n = 238) and of the (B) unfavorable (U) groups randomly assigned to ABVD + INRT (n = 292) or ABVD only (n = 302). HR, hazard
ratio, O observed; n, number of patients.
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the preset noninferiority margins, which was in line with the
conclusions of the interim analysis.11 Our decision to consider
a 210% difference in 5-year PFS rates can be questioned. It
reflects our attempt to balance immediate high cure rates and the
risks of serious long-term toxicities.4,5 In the RAPID trial, which
was designed to evaluate whether IFRT could be omitted when
the PETscan after three cycles of ABVD was negative, comparable
assumptions (27% margin at 3 years) were adopted to balance
cure rates and toxicities.20

We observed some remarkable differences between the
F and the U groups. In the F group, INRT still improved disease
control even in ePET-negative patients, but the overall excellent
survival in both arms supports the consideration of INRT
omission for selected patients in the context of individualized
therapy. In the U group, 5-year PFS was only modestly impaired
after omission of INRT, mainly because of several events
after. 36 months in the standard arm. This finding challenges the

need for RTmore explicitly in the U group. The less prominent
role of INRT in patients in the U group compared with those in
the F group is not evident, but perhaps the number of additional
chemotherapy cycles after ePET negativity in the ABVD only
arms might have played a role—two additional cycles of ABVD
in the F group versus four in the U group. This assumption is
supported by the analysis of relapse patterns. For patients who
were treated in the experimental arms with ABVD only, relapses
occurred predominantly in previously involved nodes, mainly
early after end of treatment (# 2 years). In the standard CMT
arms, INRT seemed to be successful in preventing relapses in
initially involved nodes as only 15.6% of patients who experi-
enced relapse developed disease in these sites. However, in the U
group, which had more widespread disease than the F group, late
relapses (. 3 years after end of treatment) occurred more
frequently after CMT than after ABVD only, which possibly
reflects a suboptimal amount of chemotherapy in the CMTarm.

Table 2. Second Malignancies and Deaths

Variable

Treatment Arm

ePET Positive (n = 361)

ePET NEGATIVE ePET NEGATIVE

Treated per Initial Protocol (n = 1,059)
Treated per Safety Amendment

(n = 505)

Favorable (n = 97) and Unfavorable
(n = 264) Favorable (n = 465) Unfavorable (n = 594)

Favorable
(n = 185)

Unfavorable
(n = 320)

3 or 4 ABVD + INRT
(n = 192)

2 ABVD + 2
BEACOPPesc

+ INRT
(n = 169)

3 ABVD + INRT
(n = 227)

4 ABVD
(n = 238)

4 ABVD + INRT
(n = 292)

6 ABVD
(n = 302)

3 ABVD + INRT
(n = 185)

4 ABVD + INRT
(n = 320)

Second malignancies 4a 4b 3c 7d 10e 9f 1g 4h

Deaths 18 7 0 3 10 6 0 1
Progression/relapse 11 3 0 0 3 3 0 0
Toxicity of protocol
treatment

1 1i 0 0 0 1i 0 0

Toxicity of second
line treatment

2j 0 0 1k 1l 0 0 0

Cardiovascular event 0 0 0 0 2m 0 0 0
Second malignancy 2n 1o 0 2p 2q 1r 0 0
Other/unknown 2s 2t 0 0 2u 1v 0 1

NOTE. Data given as No. unless otherwise noted.
Abbreviations: ABVD, doxorubicin, bleomycin, vinblastine, and dacarbazine; BEACOPPesc, bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, pro-
carbazine and prednisone; INRT, involved-node radiotherapy; PET, positron emission tomography.
a1 Non-Hodgkin lymphoma (NHL), 1 bone sarcoma, 1 pancreas, 1 myelodysplastic syndrome/acute myeloid leukemia (MDS/AML).
b2 lung, 1 colorectal, 1 kidney.
c1 testis, 1 thyroı̈d, 1 breast.
d2 skin, 2 NHL, 1 glioblastoma, 1 cervix, 1 bladder.
e2 head and neck cancer, 2 NHL, 1 skin, 1 colorectal, 1 prostate, 1 chronic myeloid leukemia, 1 breast, 1 unspecified.
f2 breast, 1 skin, 2 NHL, 1 bladder, 1 gastric, 2 MDS/AML.
g1 colorectal.
h2 skin, 1 bladder, 1 colorectal.
iPneumonitis.
j1 sepsis, 1 mycotic infection.
kGraft failure.
lUnknown.
m2 myocardial infarction.
n1 NHL,1 pancreatic cancer.
o1 small-cell lung cancer.
p1 NHL, 1 glioblastoma.
q1 NHL, unknown origin.
r1 MDS.
s1 fire, 1 unknown.
t1 suicide, 1 unknown.
u1 suicide, 1 unknown.
vUnknown.
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In the RAPID trial, including mostly favorable patients and
excluding mediastinal bulk, no additional chemotherapy was
administered to PET-negative patients after three cycles of
ABVD, and a comparison was made between no further treatment
and IFRT.20 Here, the difference in timing of relapse between pa-
tients who received CMT and those who received chemotherapy
only was not observed, which possibly reflects the influence of
additional cycles of chemotherapy in the H10 trial. Long-term
toxicities could not yet be incorporated in the interpretation of
the outcome. This hampers the actual clinical judgment of non-
inferiority of a new treatment approach but is inevitable in this
group of long-term survivors.

Prognostic factors, such as ESR, B symptoms, age, and bulky
mediastinum defined on a chest x-ray and used in the current
study, are clearly challenged in the current era of ePET-directed
therapy. The observation in the current study that 377 (72.9%) of
517 of the bulky mediastinum (mediastinal-thoracic ratio $
0.35) are PET negative after only two cycles of ABVD suggests that
ePET may overcome some classic prognostic factors in localized
HL as it overcomes the International Prognostic Score for ad-
vanced HL.9

In stage I and II HL, the outcome of patients is excellent
with CMT. To improve the balance between efficacy and tox-
icity, ePET helps in the treatment decision for individual pa-
tients. The H10 shows that when ePET is positive after two cycles of
ABVD, intensification with two cycles of BEACOPPesc + INRT
should be considered as the best treatment option. In ePET-negative
patients, the overall outcome is excellent: either after CMT or after
chemotherapy only. But statistically—on the basis of our preset
assumptions—noninferiority of leaving INRT out of the treatment
could not be demonstrated; a negative ePETseems not to be the ideal
tool to identify patients who do not need RT. In the F group,
CMT results in a better immediate disease control; however, in
the U group, benefit of CMT seems to be less clinically relevant,
and treatment with chemotherapy only is defensible in indi-
vidual patients.
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2. Engert A, Plütschow A, Eich HT, et al: Re-
duced treatment intensity in patients with early-stage
Hodgkin’s lymphoma. N Engl J Med 363:640-652,
2010

3. Brusamolino E, Anselmo AP, Klersy C, et al:
The risk of acute leukemia in patients treated for
Hodgkin’s disease is significantly higher aft [see
bined modality programs than after chemotherapy
alone and is correlated with the extent of radio-
therapy and type and duration of chemotherapy: A
case-control study. Haematologica 83:812-823,
1998

4. Schaapveld M, Aleman BM, van Eggermond
AM, et al: Second cancer risk up to 40 years after
treatment for Hodgkin’s lymphoma. N Engl J Med
373:2499-2511, 2015

5. Hancock SL, Tucker MA, Hoppe RT: Factors
affecting late mortality from heart disease after

treatment ofHodgkin’s disease. JAMA270:1949-1955,
1993

6. De Bruin ML, Dorresteijn LD, van’t Veer MB,
et al: Increased risk of stroke and transient ischemic
attack in 5-year survivors of Hodgkin lymphoma.
J Natl Cancer Inst 101:928-937, 2009

7. Meyer RM, Gospodarowicz MK, Connors JM,
et al: ABVD alone versus radiation-based therapy
in limited-stage Hodgkin’s lymphoma. N Engl J Med
366:399-408, 2012

8. Rigacci L, Puccini B, Zinzani PL, et al: The
prognostic value of positron emission tomography
performed after two courses (INTERIM-PET) of
standard therapy on treatment outcome in early
stage Hodgkin lymphoma: A multicentric study by
the Fondazione Italiana Linfomi (FIL). Am J Hematol
90:499-503, 2015

9. Gallamini A, Hutchings M, Rigacci L, et al:
Early interim 2-[18F]fluoro-2-deoxy-D-glucose posi-
tron emission tomography is prognostically superior
to international prognostic score in advanced-stage
Hodgkin’s lymphoma: A report from a joint Italian-
Danish study. J Clin Oncol 25:3746-3752, 2007

10. Hutchings M, Loft A, Hansen M, et al: FDG-
PET after two cycles of chemotherapy predicts

treatment failure and progression-free survival in
Hodgkin lymphoma. Blood 107:52-59, 2006

11. Raemaekers JM, André MP, FedericoM, et al:
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(APHP)–CHU Henri Mondor; M. Aoudjhane, APHP–Hôpital Saint Antoine; C. Fruchart, Centre Régional François Baclesse;
A. Stamatoullas-Bastard, Centre Henri Becquerel; F. Boue, APHP–Hôpital Antoine Beclere; C. Kelaidi, APHP–Hôpital Avicenne; A. Thyss,
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Fig A1. Overall survival of the 1,059 early positron emission tomography–negative patients (treated per initial protocol). Shown are the rates of (A) overall survival in the
favorable group of 227 patients who were treated with doxorubicin, bleomycin, vinblastine, and dacarbazine (ABVD) + involved-node radiotherapy (INRT) and 238 patients
who were treated with ABVD alone, and the rates of (B) overall survival in the unfavorable group of 292 patients who were treated with ABVD + INRT and 302 patients who
were treated with ABVD alone, O observed; n, number of patients.
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Table A1. Preplanned Sensitivity Analyses Performed for Early PET-Negative and -Positive Patients

End Point and Population

PET Positive PET Negative

Favorable and Unfavorable Favorable Unfavorable

3 or 4 ABVD + INRT
2 ABVD + 2

BEACOPPesc + INRT 3 ABVD + INRT 4 ABVD 4 ABVD + INRT 6 ABVD

PFS
Per-protocol
No. 172 159 221 232 268 289
% at 5 years
(95% CI)

75.9 (68.4 to 81.9) 91.9 (86 to 95.4) 98.9 (95.7 to 99.7) 88.6 (83.6 to 92.1) 91.7 (87.3 to 94.6) 89.8 (85.7 to 92.8)

HR* (95% CI) 0.33 (0.18 to 0.62) 13.7 (3.25 to 57.55) 1.32 (0.75 to 2.31)
P , .001 .976† .948†

Best scenario
No. 229 239 299 303
% at 5 years
(95% CI)

99.0 (95.9 to 99.7) 86.8 (81.7 to 90.5) 91.5 (87.5 to 94.3) 89.6 (85.6 to 92.6)

HR (95% CI) 16.4 (3.93 to 68.45) 1.34 (0.79 to 2.28)
P .988† .951†

Worst scenario
No. 203 171
% at 5 years
(95% CI)

76.9 (70.1 to 82.3) 90.1 (84.2 to 93.9)

HR (95% CI) 0.43 (0.24 to 0.75)
P .002

OS
Per-protocol
No. 172 159 221 232 292 302
% at 5 years
(95% CI)

89.3 (82.9 to 93.4) 95.7 (90.5 to 98.1) 100.0 99.6 (96.9 to 99.9) 96.7 (92.9 to 97.8) 98.3 (96.0 to 99.3)

HR* (95% CI) 0.48 (0.20 to 1.16) N/A 0.46 (0.16 to 1.35)
P .097 N/A N/A

Best scenario
No. 229 239 299 303
% at 5 years
(95% CI)

100.0 99.6 (97.0 to 99.9) 96.0 (92.9 to 97.8) 98.3 (96.0 to 99.3)

HR* (95% CI) N/A 0.48 (0.18 to 1.29)
P N/A N/A

Worst scenario
No. 203 171
% at 5 years
(95% CI)

88.7 (82.8 to 92.6) 96.0 (91.2 to 98.2)

HR* (95% CI) 0.41 (0.17 to 0.97)
P .035

NOTE. Per-protocol population: All study patients who were eligible for the trial. In addition, we excluded from this population patients who were later found to be in the
wrong risk group (favorable/unfavorable; positron emission tomography [PET] negative or positive). Best and worst scenario populations: Intent-to-treat population,
excluding patients who have not completed the first two cycles of doxorubicin, bleomycin, vinblastine, and dacarbazine (ABVD) cycles; patients who have completed
those two cycles but for whom no PET scan was performed are respectively classified as PET negative (best scenario) and PET positive (worst scenario).
Abbreviations: BEACOPPesc, bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine and prednisone; HR, hazard ratio; INRT, involved-node
radiotherapy; N/A, not applicable; OS, overall survival; PFS, progression-free survival.
*Experimental v standard arm.
†P value corresponding to noninferiority test.
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