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ABSTRACT

BACKGROUND

Five-year follow-up in a trial involving patients with previously untreated stage III
or IV classic Hodgkin’s lymphoma showed long-term progression-free survival
benefits with first-line therapy with brentuximab vedotin, a CD30-directed anti-
body-drug conjugate, plus doxorubicin, vinblastine, and dacarbazine (A+AVD), as
compared with doxorubicin, bleomycin, vinblastine, and dacarbazine (ABVD). A
planned interim analysis indicated a potential benefit with regard to overall sur-
vival; data from a median of 6 years of follow-up are now available.

METHODS

We randomly assigned patients in a 1:1 ratio to receive up to six cycles of A+AVD
or ABVD. The primary end point, modified progression-free survival, has been
reported previously. The key secondary end point was overall survival in the inten-
tion-to-treat population. Safety was also assessed.

RESULTS
A total of 664 patients were assigned to receive A+AVD and 670 to receive ABVD.
At a median follow-up of 73.0 months, 39 patients in the A+AVD group and 64 in
the ABVD group had died (hazard ratio, 0.59; 95% confidence interval [CI], 0.40 to
0.88; P=0.009). The 6-year overall survival estimates were 93.9% (95% CI, 91.6 to 95.5)
in the A+AVD group and 89.4% (95% CI, 86.6 to 91.7) in the ABVD group. Pro-
gression-free survival was longer with A+AVD than with ABVD (hazard ratio for
disease progression or death, 0.68; 95% CI, 0.53 to 0.86). Fewer patients in the
A+AVD group than in the ABVD group received subsequent therapy, including trans-
plantation, and fewer second cancers were reported with A+AVD (in 23 vs. 32 pa-
tients). Primary prophylaxis with granulocyte colony-stimulating factor was rec-
ommended after an increased incidence of febrile neutropenia was observed with
A+AVD. More patients had peripheral neuropathy with A+AVD than with ABVD,
but most patients in the two groups had resolution or amelioration of the event by
the last follow-up.

CONCLUSIONS
Patients who received A+AVD for the treatment of stage III or IV Hodgkin’s lym-
phoma had a survival advantage over those who received ABVD. (Funded by Takeda
Development Center Americas and Seagen; ECHELON-1 ClinicalTrials.gov number,
NCT01712490; EudraCT number, 2011-005450-60.)
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OR DECADES, FIRST-LINE TREATMENT

with doxorubicin, bleomycin, vinblastine,

and dacarbazine (ABVD) has been the
standard of care for the treatment of advanced-
stage classic Hodgkin’s lymphoma.! However, a
substantial proportion of patients with stage III
or IV disease have a relapse or disease that is
refractory to ABVD."?

Trials involving patients with advanced dis-
ease have not shown an overall survival advantage
with various therapies and treatment strategies as
compared with ABVD alone.*!! In an effort to
maintain or improve disease control while limit-
ing toxic effects, several response-adapted strat-
egies that have been based on positron-emission
tomography status at end of the second cycle of
treatment (PET2) have been studied. Although
various treatment strategies have succeeded in
improving the side-effect profile or progression-
free survival, as compared with ABVD, an overall
survival advantage has not been observed.>”! In
a post hoc analysis, the HD9 trial® showed an
overall survival advantage at 10 years with esca-
lated bleomycin, etoposide, doxorubicin, cyclo-
phosphamide, vincristine, procarbazine, and
prednisone (BEACOPP) as compared with cyclo-
phosphamide, vincristine, procarbazine, and
prednisone alternating with doxorubicin, bleo-
mycin, vinblastine, and dacarbazine (COPP-ABVD).
However, BEACOPP-based regimens are toxic and
have not been shown to prolong overall survival
as compared with ABVD alone. This finding may
be due to the improved ability to provide salvage
therapy to patients who have a relapse after ABVD
therapy as well as due to treatment-related
deaths associated with BEACOPP.*'? In addition,
BEACOPP-based regimens can have an adverse
effect on fertility and are associated with an in-
creased risk of second cancers.’>!

Regimens that incorporate targeted agents,
such as brentuximab vedotin, an antibody-drug
conjugate (a CD30-directed monoclonal antibody
conjugated by protease-cleavable linker to the
microtubule-disrupting agent monomethyl au-
ristatin E), have also been studied. In the phase
3 ECHELON-1 trial, first-line treatment with
brentuximab vedotin plus doxorubicin, vinblas-
tine, and dacarbazine (A+AVD) significantly im-
proved modified progression-free survival (the
time to progression, death, or noncomplete re-
sponse and use of subsequent anticancer therapy),
as compared with ABVD, among patients with
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newly diagnosed stage III or IV Hodgkin’s lym-
phoma, and a planned interim analysis indicated
a potential benefit with regard to overall sur-
vival.® At 5 years, a long-term benefit with regard
to progression-free survival with A+AVD as com-
pared with ABVD was shown (hazard ratio for
disease progression or death, 0.68; 95% confi-
dence interval [CI], 0.53 to 0.87).1° Here, we report
the results of an overall survival analysis of A+AVD
as compared with ABVD from the ECHELON-1
trial, as well as long-term safety data, after ap-
proximately 6 years of follow-up.

METHODS

TRIAL DESIGN AND PROCEDURES

We conducted a multicenter, randomized, open-
label trial of A+AVD as compared with ABVD in
patients with stage III or IV Hodgkin’s lympho-
ma. The trial design and protocol (available with
the full text of this article at NEJM.org) have been
published previously.® Adult patients (>18 years
of age) with histologically confirmed advanced
Hodgkin’s lymphoma (Ann Arbor stage III or IV,
as determined on a 4-point scale, with higher
stages indicating more widespread disease) were
randomly assigned in a 1:1 ratio to receive A+AVD
or ABVD. The A+AVD regimen consisted of 1.2 mg
of brentuximab vedotin per kilogram of body
weight, 25 mg of doxorubicin per square meter of
body-surface area, 6 mg of vinblastine per square
meter, and 375 mg of dacarbazine per square
meter. The ABVD regimen consisted of 25 mg of
doxorubicin per square meter, 10 U of bleomycin
per square meter, 6 mg of vinblastine per square
meter, and 375 mg of dacarbazine per square
meter. In each regimen, drugs were administered
intravenously on days 1 and 15 of each 28-day
cycle for up to six cycles.

Randomization was stratified according to
geographic region and International Prognostic
Score (IPS) risk group (0 or 1 [low], 2 or 3 [in-
termediate], or >4 [high]). The IPS is a 7-point
scoring system in which 1 point represents the
presence of each poor prognostic factor; higher
scores indicate a poorer prognosis (higher risk).
The use of granulocyte colony-stimulating factor
(G-CSF), which was permitted according to in-
stitutional guidelines, was subsequently recom-
mended after an increased incidence of febrile
neutropenia was observed with A+AVD therapy
during an interim safety analysis."
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The protocol was approved by the institutional
review boards and ethics committees at individu-
al sites and adhered to Good Clinical Practice
guidelines (as defined by the International Coun-
cil for Harmonisation). All the patients provided
written informed consent.

The trial was designed by a committee con-
sisting of five of the authors, one of the investi-
gators who is not an author, and representatives
of the sponsors (Takeda Development Center
Americas and Seagen). Data were collected and
trial procedures overseen by the trial investiga-
tors. Data were verified by the sponsors, ana-
lyzed by statisticians employed by the sponsors,
and interpreted by academic authors and repre-
sentatives of the sponsors.”® The conduct of the
trial was overseen by an independent data and
safety monitoring committee and an independent
review committee.” The manuscript was prepared
by the authors with the assistance of medical
writers funded by Takeda Pharmaceuticals USA.
All the authors had full access to the data and
vouch for the completeness and accuracy of the
data and for the adherence of the trial to the
protocol.

END POINTS

The primary end point of the trial, modified
progression-free survival, has been reported pre-
viously.” The key secondary end point, overall
survival, was assessed in a prespecified, type I er-
ror—controlled, event-driven analysis. Additional
analyses of overall survival in prespecified sub-
groups and exploratory analyses involving pa-
tients who were PET2-negative (Deauville score,
1 to 3) or PET2-positive (Deauville score, 4 or 5)
were also performed. (The Deauville score is a
5-point scale on which higher scores indicate
greater uptake of *F-fluorodeoxyglucose at in-
volved sites on PET."” A score of 1 indicates no
uptake, a score of 2 uptake at an initial site that
is less than or equal to the uptake at the medi-
astinum, a score of 3 uptake at an initial site that
is greater than uptake at the mediastinum but
less than or equal to uptake at the liver, a score
of 4 uptake at an initial site that is moderately
increased as compared with the uptake at the
liver, and a score of 5 markedly increased uptake
at any site or uptake at a new site of disease.)
Deaths during follow-up were recorded, includ-
ing reported causes of death as assessed by the
investigator. Progression-free survival as assessed
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by the investigator was also assessed at 6 years
of follow-up.'

Safety outcome measures included the resolu-
tion and amelioration of peripheral neuropathy,
the incidence of second cancer, and the inci-
dence and outcomes of pregnancy among pa-
tients and their partners; all these events were
assessed by the investigator. A multivariate Cox
regression model was used to evaluate the treat-
ment effect on survival after simultaneous ad-
justment for clinically relevant demographic and
disease characteristics of the patients at base-
line. Geographic region and IPS risk group were
prespecified stratification factors. Sex, treatment,
age, race, Eastern Cooperative Oncology Group
(ECOG) performance-status score, extranodal in-
volvement, disease stage, B symptoms (i.e., weight
loss, night sweats, and fever), and PET2 results
were included as covariates.

ASSESSMENTS

Overall survival was defined as the time from
randomization to death from any cause. Progres-
sion-free survival was defined as the time from
randomization to the first occurrence of disease
progression or death. Progression was evaluated
according to the Revised Response Criteria for
Malignant Lymphoma.'® A mandatory PET2 eval-
uation was conducted. Post-treatment follow-up
assessments for new primary cancers and other
safety events were performed every 3 months
until 36 months after the end of treatment and
then every 6 months thereafter. The grade of
peripheral neuropathy was defined according to
the Medical Dictionary for Regulatory Activities, ver-
sion 19.0, and the National Cancer Institute Com-
mon Terminology Criteria for Adverse Events,
version 4.03, and was assessed as the last obser-
vation carried forward. Patients who were lost to
follow-up or who died before the resolution or
amelioration of peripheral neuropathy did not
have their data censored.

STATISTICAL ANALYSIS

Overall survival and progression-free survival
were estimated with the use of Kaplan—-Meier
methods. Between-group differences in overall
survival (hazard ratios for death with 95% con-
fidence intervals) were analyzed by means of a
stratified Cox proportional-hazards regression
model. Overall survival was to be tested only if
a significant result was observed for the primary
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analysis of modified progression-free survival.
The type I error in the analysis of overall survival
was controlled with the use of the O’Brien-Flem-
ing method with a Lan-DeMets alpha-spending
function. We projected that 112 deaths would
occur approximately 5 years after the random-
ization of the last patient, but a notable decrease
in the incidence of death was observed, which
suggested that several additional years would be
necessary in order for the analysis to capture the
final expected deaths. Given the maturity of the
data (103 observed deaths, 92% of the expected
total) and in consultation with regulatory agen-
cies, a second interim analysis was conducted
that used the already-implemented alpha-spend-
ing approach; a benefit in favor of A+AVD over
ABVD was considered to be significant at a P value
of less than 0.0365 on the basis of a stratified
log-rank test (two-sided).

Efficacy evaluations were performed in the in-
tention-to-treat population (defined as all the
patients who underwent randomization). All the
95% confidence intervals, except those associ-
ated with the type I error—controlled analysis of
overall survival in the intention-to-treat popula-
tion, are descriptive and were not adjusted for
multiplicity. The safety population included all
the patients who received at least one dose of
trial drug.

RESULTS

CHARACTERISTICS OF THE PATIENTS

A total of 1334 patients were enrolled in the
trial; 664 patients were assigned to the A+AVD
group and 670 to the ABVD group (intention-to-
treat population) (Fig. S1 in the Supplementary
Appendix, available at NEJM.org). The demo-
graphic characteristics of the patients and their
disease characteristics at baseline, which were
similar in the two treatment groups, have been
described previously (Table S1)."* Approximately
14% of the patients in the trial were 60 years of
age or older. The trial population was similar to
the expected patient population on the basis of
overall demographic and epidemiologic real-world
data on Hodgkin’s lymphoma; however, no pa-
tients from Africa were enrolled in the trial, and
Black patients were underrepresented (Table S2).
The data-cutoff date for the current analysis was
June 1, 2021.

EFFICACY

The median follow-up in the overall survival
analysis was 73.0 months (95% CI, 72.3 to 73.6;
range, 0.0 to 100.6). A total of 39 deaths occurred
in the A+AVD group and 64 in the ABVD group.
The analysis of overall survival significantly fa-
vored A+AVD over ABVD (hazard ratio for death,

10-pmeg A+AVD
Wiy
T; 0.9
S 0.8 ABVD
5
A 0.7+
T 06
g 05 No. of Deaths
g A+AVD 39
> 047 ABVD 64
= 03+
S ool Hazard ratio for death, 0.59
s (95% Cl, 0.40-0.88)
& 014 P=0.009 by log-rank test
0'0 T T T T T T T T T T T T T T T T 1
0 6 12 18 24 30 36 42 48 54 60 66 72 78 84 90 96 102
Months since Randomization
No. at Risk
A+AVD 664 638 626 612 598 584 572 557 538 517 494 461 350 209 97 27 4 0
ABVD 670 634 614 604 587 567 545 527 505 479 454 411 308 191 84 11 1 0
Figure 1. Overall Survival (Intention-to-Treat Population).
The intention-to-treat population included all the patients who underwent randomization. Tick marks indicate cen-
sored data. A+AVD denotes brentuximab vedotin plus doxorubicin, vinblastine, and dacarbazine; and ABVD doxoru-
bicin, bleomycin, vinblastine, and dacarbazine.
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0.59; 95% CI, 0.40 to 0.88; P=0.009) (Fig. 1). The
6-year overall survival estimates were 93.9%
(95% CI, 91.6 to 95.5) in the A+AVD group and
89.4% (95% CI, 86.6 to 91.7) in the ABVD group.

Overall survival was examined in prespecified
subgroups (Fig. 2 and Table S3). We observed more
favorable estimates of the treatment effect with
A+AVD than with ABVD among patients younger
than 60 years of age, among those with stage IV

disease, among those in the high-risk IPS sub-
group, and among those in North America. We
observed less favorable estimates of the treat-
ment effect with A+AVD than with ABVD among
patients 60 years of age or older, among women,
and among patients in the low-risk IPS subgroup.

In a multivariate analysis that included simul-
taneous adjustment for demographic and baseline
disease characteristics, we found that the overall

Cancer stage at baseline
11
v

B symptoms at baseline

17/237 (7.2)
22/425 (5.2)

20/246 (8.1)
43/421 (10.2)

Present 30/400 (7.5)  39/381 (10.2)

Absent 9/264 (3.4)  25/289 (8.7)
Extranodal site at baseline

0 22/217 (10.1) 19/228 (8.3)

1 9/217 (4.1)  17/223 (7.6)

>1 8/194 (4.1)  25/193 (13.0)
ECOG performance-status score

at baseline
0 15/376 (4.0)  21/378 (5.6)
19/260 (7.3)  34/263 (12.9)

2 5/28 (18) 9/27 (33)
Sex

Male 19/378 (5.0)  45/398 (11.3)

Female 20/286 (7.0)  19/272 (7.0)

Subgroup A+AVD ABVD Hazard Ratio for Death (95% Cl)
no. of deaths/total no. of patients (%)
Overall 39/664 (5.9)  64/670 (9.6) 0.59 (0.40-0.88)
Age
<60 yr 19/580 (3.3)  35/568 (6.2) 0.51 (0.29-0.89)
260 yr 20/84 (24)  29/102 (28.4) i 0.83 (0.47-1.47)
<45 yr 9/451 (2.0)  18/423 (4.3) 0.44 (0.20-0.99)
245 yr 30/213 (14.1)  46/247 (18.6) - 0.75 (0.47-1.18)
Geographic region
Americas 11261 (4.2)  27/262 (10.3) 0.40 (0.20-0.80)
North America 9/250 (3.6)  26/247 (10.5) 0.33 (0.15-0.70)
Europe 26/333 (7.8)  32/336 (9.5) — 0.78 (0.47-1.32)
Asia 2/70 (3) 5/72 (7) 037 (0.07-1.91)
No. of IPS risk factors
0orl 7/142 (49)  7/141 (5.0) A 0.97 (0.34-2.77)
2or3 17/355 (4.8)  26/357 (7.3) - 0.62 (0.33-1.14)
4-7 15/167 (9.0)  31/172 (18.0) 0.48 (0.26-0.88)

0.86 (0.45-1.65)
0.48 (0.29-0.80)

0.71 (0.44-1.14)
0.37 (0.17-0.80)

1.18 (0.64-2.19)
0.51 (0.23-1.14)
0.30 (0.14-0.67)

0.70 (0.36-1.37)
0.54 (0.31-0.94)
0.41 (0.14-1.23)

0.43 (0.25-0.73)

S— 0.96 (0.51-1.80)

1.0

g bbby

0.1 0.5

A+AVD Better ABVD Better

Figure 2. Overall Survival in Prespecified Subgroups (Intention-to-Treat Population).

The geographic region of the Americas was defined as Brazil, Canada, and the United States, and North America
was defined as Canada and the United States. International Prognostic Score (IPS) risk groups were characterized
with the use of a 7-point scoring system, with 1 point for the presence of each poor prognostic factor (0 or 1 [low],
2 or 3 [intermediate], vs. =4 [high]) and with higher scores indicating a poorer prognosis. B symptoms were defined
as weight loss, night sweats, and fever. Eastern Cooperative Oncology Group (ECOG) performance-status scores
are assessed on a 5-point scale, with higher scores indicating greater disability. The dashed vertical line indicates
the treatment effect in the overall trial population. The arrow related to the hazard ratio in the Asia subgroup indi-
cates that the 95% confidence interval extends outside the graphed area.
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£ 029 0.68 (95% Cl, 0.53-0.86)
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Months since Randomization
No. at Risk
A+AVD 664 619 563 537 520 508 496 480 463 448 428 400 305 179 86 24 4 0
ABVD 670 612 520 501 485 465 442 432 414 391 371 338 245 154 67 9 1 0

Tick marks indicate censored data.

Figure 3. Progression-free Survival According to Investigator Assessment (Intention-to-Treat Population).

survival benefit with A+AVD as compared with
ABVD was preserved (hazard ratio for death,
0.53; 95% CI, 0.34 to 0.83). Age, non-White race,
ECOG performance-status score, and PET2 status
(negative or positive) were identified as the co-
variates with greatest evidence of association with
overall survival. The 6-year overall survival esti-
mates favored A+AVD over ABVD among both
PET2-negative patients (94.9% vs. 90.6%; hazard
ratio for death, 0.54; 95% CI, 0.34 to 0.86) and
PET2-positive patients (95% vs. 77%; hazard ratio,
0.16; 95% CI, 0.04 to 0.72).

In a finding that was consistent with previous
reports,'®" progression-free survival outcomes fa-
vored A+AVD over ABVD. At a median follow-up
of 72.6 months, the 6-year progression-free sur-
vival estimates were 82.3% with A+AVD and 74.5%
with ABVD (hazard ratio for disease progression
or death, 0.68; 95% CI, 0.53 to 0.806) (Fig. 3). The
6-year progression-free survival estimates also fa-
vored A+AVD over ABVD across various subgroups,
including subgroups defined according to disease
stage (III or IV) and PET2-negative status (Fig. S2
and Table S4).

SAFETY

Most patients (593 [89.3%] in the A+AVD group
and 608 [90.7%] in the ABVD group) completed
all six cycles of trial treatment. In each trial group,
the median number of cycles received was six
(range, one to six). Details regarding the duration
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of therapy, treatment exposure, and dose modi-
fications have been reported previously.”

In the A+AVD group, 32 of 39 deaths were re-
lated to Hodgkin’s lymphoma or treatment com-
plications, and there was 1 additional death due
to a second cancer (Tables 1 and S5). In the
ABVD group, 45 of 64 deaths were related to
Hodgkin’s lymphoma or treatment complications,
and there were 11 additional deaths due to a
second cancer. Two patients in the ABVD group
with an unknown cause of death had previously
had disease progression. Treatment-related deaths
(in 8 patients in the A+AVD group and in 7 in the
ABVD group) are described in Table S6. Deaths
that occurred during treatment (in 9 patients in
the A+AVD group, with 7 deaths being associated
with neutropenia, and in 13 patients in the ABVD
group, with 11 deaths being due to or associated
with pulmonary toxic effects) have been previously
described.”

In the safety population, the use of subsequent
therapy was less frequent with A+AVD than with
ABVD (in 135 of 662 patients [20.4%] vs. 157 of
659 [23.8%]), including fewer autologous trans-
plantations (in 44 [6.6%] vs. 59 [9.0%]) and allo-
geneic stem-cell transplantations (in 4 [0.6%)] vs.
12 [1.8%]) (Table S7). Brentuximab vedotin, either
alone or in combination with another therapy,
was the most common subsequent therapy in the
ABVD group (in 69 patients [10.5%]). Immuno-
therapies, primarily nivolumab, were used less
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frequen_tly mn the.A"_AVD group than in the ABVD Table 1. Summary of Causes of Death (Safety Population).*
group (in 18 patients [2.7%] vs. 28 [4.2%]).

The use of any subsequent radiation therapy A+AVD ABVD
was similar in the two groups (in 55 patients | C2useof Death (N=662) (N=659)
[8.3%] in the A+AVD group and in 58 [8.8%)] in Any cause — no. (%) 39 (5.9) 64 (9.7)
the ABVD group), as was radiation used as the | Hodgkin’s lymphoma or complications 32 45
first subsequent therapy (in 45 [6.8%] and 42 —no.

[6.4%], respectively). There was notable use of | Second cancer — no. 1 11
subsequent therapies among patients who died: Other cause — no. 6 3
19 patients in the A+AVD group had previously Unknown cause 1 5t
had disease progression, which was not necessar- Accident or suicide 3 0
ily related to the cause of death, and 18 had re- )

ceived any subsequent therapy. In the ABVD group, Covid-19 0 !
28 patients had previously had disease progres- Heart failure 1 1
sion, and 25 received any subsequent therapy, of Intracranial hemorrhage 1 0
whom 13 received brentuximab vedotin (Table S8). Lower respiratory tract infection 0 1

A second cancer was reported in 23 patients
(3.5%) who received A+AVD and in 32 (4.9%) who
received ABVD (Table S9). In the A+AVD group,
14 solid tumors and 9 hematologic cancers were
reported, including 2 cases of acute myeloid leu-

* The safety population included all the patients who received at least one dose
of trial medication. A+AVD denotes brentuximab vedotin plus doxorubicin,
vinblastine, and dacarbazine; ABVD doxorubicin, bleomycin, vinblastine, and
dacarbazine; and Covid-19 coronavirus disease 2019.

T In two patients in the ABVD group, death was reported to be of indeterminate
cause, but the deaths occurred after the patients had had disease progression

kemia and 6 cases of B-cell or T-cell lymphoma.
In the ABVD group, 14 solid tumors and 17 hema-
tologic cancers were reported, including 1 case
each of acute myeloid leukemia, acute promyelo-
cytic leukemia, and myelodysplastic syndrome and
13 cases of B-cell or T-cell lymphoma. Among
the patients with a second cancer, 2 in each group
received a transplant and 3 in the ABVD group
had received radiation therapy previously. Over-
all, 42% of second cancers occurred in patients
60 years of age or older (9 of 23 [39%] in pa-
tients in the A+AVD group and 14 of 32 [44%] in
patients in the ABVD group).

Fertility was not formally assessed, but the
number of pregnancies was reported. A total of
195 pregnancies were reported among patients
and their partners (114 pregnancies in 82 patients
or partners in the A+AVD group and 81 pregnan-
cies in 61 patients or partners in the ABVD group)
(Table S10).

Peripheral neuropathy continued to resolve or
ameliorate in the two trial groups. Among 443
patients in the A+AVD group who had peripheral
neuropathy, 379 (85.6%) had complete resolution
(318 [71.8%)]) or amelioration (61 [13.8%)]) at the
last follow-up. In the ABVD group, 286 patients
had peripheral neuropathy, of whom 249 (87.1%)
had either complete resolution (227 [79.4%]) or
amelioration (22 [7.7%]) at the last follow-up
(Table S11). At the last follow-up, 125 of 662
patients (18.9%) in the A+AVD group and 59 of
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(documented by the investigators).

659 (9.0%) in the ABVD group had ongoing pe-
ripheral neuropathy. Most events were of grade 1
(in 71 patients [10.7%] in the A+AVD group and
in 39 [5.9%] in the ABVD group) or grade 2 (in 38
[5.7%] and 16 [2.4%], respectively). Assessment of
ongoing grade 3 or 4 peripheral neuropathy was
limited in 11 of 16 patients in the A+AVD group
(3 patients had died, 4 were lost to follow-up,
and 4 withdrew from the trial before the resolu-
tion or amelioration of symptoms) and in 4 pa-
tients in the ABVD group (2 patients had died and
2 were lost to follow-up).

DISCUSSION

In this trial involving patients with previously
untreated stage III or IV Hodgkin’s lymphoma,
treatment with A+AVD resulted in a risk of death
that was significantly lower by 41% than that ob-
served with ABVD therapy. This result translated to
an overall difference in mortality of 4.5 percentage
points in favor of A+AVD at 6 years.

Other regimens have resulted in prolonged
overall survival among patients with advanced
Hodgkin’s lymphoma. In a post hoc analysis, the
HD9 trial showed a survival benefit at 10 years
with escalated BEACOPP therapy over alternating
COPP-ABVD therapy.® There were significant be-

NEJM.ORG

The New England Journal of Medicine

Copyright © 2022 Massachusetts Medical Society. All rights reserved.

Downloaded from nejm.org at TAKEDA PHARMACEUTICALS GLOBAL on July 14, 2022. For personal use only. No other uses without permission.



The NEW ENGLAND JOURNAL of MEDICINE

tween-group differences in treatment duration,
and the findings have not been replicated in sub-
sequent randomized trials of various therapies and
treatment strategies as compared with ABVD.?*2!
Given the clinically significant short- and long-
term toxic sequelae of BEACOPP, including in-
fertility and a risk of second cancer, as well as
limitations for use in older adults, BEACOPP has
not been widely adopted despite the reported im-
provement in disease control. PET-adapted strate-
gies have been investigated in subsequent trials,
most notably the Risk-Adapted Therapy in Hodg-
kin Lymphoma (RATHL) trial, the Southwest On-
cology Group (SWOG) S0816 trial, the German
Hodgkin Study Group (GSHG) HD18 trial, and
the AHL2011 trial.*”® Although the desired ad-
vantage with regard to the side-effect profile can
be realized, to date, no evidence of improved
overall survival with PET-adapted strategies as
compared with ABVD has been reported. Of all
the contemporary PET-adapted studies, only the
GHSG HD18 trial showed an overall survival
benefit, with four cycles of escalated BEACOPP
as compared with six to eight cycles — a benefit
that was primarily attributed to fewer treatment-
related deaths in the group that received fewer
cycles.*

In the ECHELON-1 trial, the improvement in
overall survival with A+AVD as compared with
ABVD was observed despite the wide availability
and use of active salvage therapies. Historically,
it has been difficult to show a survival benefit in
the context of first-line therapy, in part because
approximately half the patients with relapsed or
refractory disease can receive salvage therapy.
Such therapy includes the use of various salvage
chemotherapy regimen combinations, transplan-
tation, nivolumab, or more recently, brentuximab
vedotin combined with bendamustine or nivolu-
mab. The proportion of patients in the ABVD
group who received subsequent therapy, includ-
ing transplantation and subsequent use of bren-
tuximab vedotin, as well as the consistency of
these outcomes with other contemporary studies
of ABVD, suggests that the observed survival
benefit with A+AVD was not due to undertreat-
ment of disease or underperformance of salvage
agents administered in patients in the ABVD
group. Instead, the survival benefit and reduc-
tion in the risk of disease-related death with
A+AVD may be attributed to the additional mech-
anisms of action that have been observed in other
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studies of brentuximab vedotin, including anti-
body-dependent cellular phagocytosis, bystander
activity in the tumor microenvironment (owing
to the release of monomethyl auristatin E), induc-
tion of immunogenic cell death, and depletion of
CD30-expressing regulatory T cells.???

The risk of second cancer is a critical consid-
eration in patients with Hodgkin’s lymphoma
owing to its potential effects on long-term sur-
vival.®3% A pooled analysis of four randomized
trials showed that a second cancer occurred in
4.0% of the patients treated with ABVD (with no
cases of myelodysplastic syndrome or acute my-
eloid leukemia), as compared with 6.5% of those
treated with BEACOPP (with 13 patients having
myelodysplastic syndrome or acute myeloid leu-
kemia).® In our trial, fewer second cancers were
reported with A+AVD (in 23 patients [3.5%]) than
with ABVD (in 32 [4.9%)]), with a greater number
of hematologic cancers, primarily B-cell and T-cell
lymphomas, occurring in the ABVD group. Over-
all, approximately 42% of the second cancers
occurred in patients 60 years of age or older, even
though these patients constituted approximately
14% of the total trial population. Given that his-
torical and contemporary trials often did not en-
roll older adults, these percentages may better
approximate the expected incidence of second
cancer with A+AVD and ABVD in clinical prac-
tice. In addition, although the use of subsequent
therapy was more common with ABVD than with
A+AVD, overall use of radiation therapy was nearly
identical in the two groups. Among patients who
had a second cancer, 3 in the ABVD group had
received radiation therapy previously (vs. no pa-
tients in the A+AVD group), and 2 patients in each
group received a transplant — findings that sug-
gest that the imbalance of subsequent therapy
use alone, including transplantation or radiation,
did not drive the observed difference.

Other potential long-term sequelae must be
considered. Treatment with chemotherapy may
negatively affect fertility; however, ABVD is gen-
erally not considered to be associated with a
greater risk of premature menopause than alkyl-
ating chemotherapy or pelvic radiotherapy.®® A
case—control study showed no substantial effect
on fertility among patients treated with ABVD,
particularly in contrast to intensified regimens,
such as BEACOPP.*3234 Although fertility was
not formally assessed in our trial, a higher num-
ber of pregnancies was reported in patients (or
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in partners of male patients) treated with A+AVD
than in those treated with ABVD: 114 pregnan-
cies in 82 patients or partners in the A+AVD
group and 81 pregnancies in 61 patients or part-
ners in the ABVD group. Although these data are
inconclusive without a more complete assessment
of hormone status and the goals of the couples,
it is likely that A+AVD was not associated with
more infertility than ABVD.

Although the incidence of peripheral neu-
ropathy was higher with A+AVD than with ABVD
and more ongoing neuropathy was noted at the
last follow-up (18.9% vs. 9.0%), most patients
(85.6%) had complete resolution or amelioration
of their symptoms. However, 5.7% of the patients
in the A+AVD group had ongoing grade 2 neu-
ropathy at last follow-up (vs. 2.4% in the ABVD
group), a finding that highlights the importance
of monitoring for neuropathy and making ap-
propriate dose modifications in a timely man-
ner. No additional long-term toxic effects were
observed with A+AVD, but the important long-
term concern regarding pulmonary fibrosis was
not systematically assessed after the completion
of therapy. During treatment, a higher incidence
of pulmonary toxic effects, including fatal events,
was observed with ABVD than with A+AVD, par-
ticularly among older adults. Given that a reduc-
tion in bleomycin use led to reductions in the
incidence of pulmonary toxic effects in the
RATHL trial, the elimination of bleomycin from
first-line therapy with A+AVD may be an impor-
tant consideration in the treatment of some pa-
tients.>>3¢

As previously reported, a higher incidence of
febrile neutropenia was observed with A+AVD
(19.3%) than with ABVD (7.9%), but the incidence
was lower and was similar to that observed with
ABVD among patients who received A+AVD with

G-CSF primary prophylaxis (10.8%).> A detailed
analysis of G-CSF primary prophylaxis with A+AVD
has been published previously.>”

Three limitations of this trial are notable.
Studies involving individual subgroups are hypoth-
esis-generating and should be interpreted with
caution and with consideration for the many
potential overlapping characteristics that define
an individual patient. Second, the cause of death
was investigator-assessed as either being related
or unrelated to Hodgkin’s lymphoma or its com-
plications, with additional contextual information
provided in some but not all cases. Consequently,
a detailed breakdown of cause of death among
patients whose death was classified as being re-
lated to Hodgkin’s lymphoma or its complications
was not available, except for the deaths that oc-
curred during treatment, which have been previ-
ously reported. Finally, peripheral neuropathy was
recorded as the last observation carried forward;
data regarding the patients who were lost to fol-
low-up or who died before the resolution or ame-
lioration of symptoms were not censored.

The treatment of advanced Hodgkin’s lym-
phoma has been a success story in oncology, but
only modest progress has been made in past
decades. However, in this trial, treatment with
A+AVD resulted in an improvement in both pro-
gression-free survival and overall survival.
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