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m In the pre-novel agent era, the median postprogression overall survival (PPS) of patients

with classic Hodgkin lymphoma (cHL) who progress after autologous stem cell transplant

: ngrall sur:vival of (ASCT) was 2 to 3 years. Recently, checkpoint inhibitors (CPI) and brentuximab vedotin (BV)
srilsiiss vl @lk vl have improved the depth and durability of response in this population. Here, we report the
Z;‘;?;Zish:;tegr.g ?(g:;; estimate of PPS in patients with relapsed cHL after ASCT in the era of CPI and BV. In this

in the novel agent era. multicenter retrospective study of 15 participating institutions, adult patients with relapsed

cHL after ASCT were included. Study objective was postprogression overall survival (PPS),
« Patients who receive

CPI as first treatment
for post-ASCT
progression had lower
morality than patients
who did not get novel
agents.

defined as the time from posttransplant progression to death or last follow-up. Of 1158
patients who underwent ASCT, 367 had progressive disease. Median age was 34 years
(range, 27-46) and 192 were male. Median PPS was 114.57 months (95% confidence interval
[CI], 91-not achieved) or 9.5 years. In multivariate analysis, increasing age, progression
within 6 months, and pre-ASCT positive positron emission tomography scan were
associated with inferior PPS. When adjusted for these features, patients who received CPI,
but not BV, as first treatment for post-ASCT progression had significantly higher PPS than
the no CPI/no BV group (hazard ratio, 3.5; 95% CI, 1.6-7.8; P = .001). Receipt of allogeneic SCT
(Allo-SCT) did not improve PPS. In the era of novel agents, progressive cHL after ASCT had
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long survival that compares favorably with previous reports. Patients who receive CPI as
first treatment for progression had higher PPS. Receipt to Allo-SCT was not associated with
PPS in this population.
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Introduction

Classic Hodgkin lymphoma (cHL) is curable with frontline chemo-
immunotherapy in 80% to 90% of cases, and 10% to 20% of
cases relapse at 5 years.! Salvage therapy and autologous stem
cell transplant (ASCT) are standard of care in the treatment of
relapse/refractory (R/R) cHL with 3 year freedom from treatment
failure of 50% to 60%.%“ Patients who are refractory to frontline
therapy, who relapse within 1 year of frontline chemotherapy, who
have pre-ASCT positive positron emission tomography (PET) scan,
and who require multiple lines of salvage therapy are at particularly
higher risk of disease relapse after ASCT.>” Patients who relapse
after ASCT have traditionally had poor prognosis with a median
survival of 2 to 3 years in the pre—novel agent era.®®

Addition of novel agents, particularly brentuximab vedotin (BV) and
checkpoint inhibitors (CPI) have shown encouraging response and
survival in frontline and relapsed refractory disease.””'"'® BV,
combined with Adriamycin, dacarbazine, and vinblastine, has
improved progression-free survival (PFS) and overall survival of
cHL compared with longstanding standard of care chemotherapy
regimen consisting of Adriamycin, vinblastine, bleomycin, and
dacarbazine." In R/R cHL, salvage regimen incorporating BV and/
or CPI has shown encouraging outcomes with 2-year PFS up to
97%.'%'* CPl-based regimens are associated with higher post-
ASCT PFS than conventional savage chemotherapy in retrospec-
tive studies.”

In patients with cHL who relapse after ASCT, pembrolizumab
monotherapy was compared with BV monotherapy in a randomized
phase 3 trial and led to significantly higher median PFS of
11 months.'® Small retrospective studies of relapsed cHL after
ASCT have reported improved posttransplant survival in the
era of CPl and BV, but patients receiving novel agents were in
minority.'®'® Large observational cohort study of the modern treat-
ment era is needed to estimate posttransplant survival, prognostic
factors, and the impact of sequencing of novel agents in cHL pro-
gressive after ASCT. Here, we report the outcomes of 367 patients
with post-ASCT relapse of cHL using a multi-institutional observa-
tional cohort.

Methods
Patients and methods

Adult patients with R/R cHL who received systemic salvage ther-
apies and underwent ASCT from 1 January 2011 to 31 December
2020 were enrolled in a multicenter cohort from 18 participating
institutions. Fourteen centers were in the United States and
4 centers were in the Czech Republic. Patients with nodular
lymphocyte predominant HL and patients who did not undergo
ASCT were excluded. Of this parent cohort, all patients who had
progressive disease after ASCT were included in this study.
Demographic data (age and sex) at post-ASCT progression and
clinical variables at pre-ASCT relapse (bulk, stage, primary refrac-
tory disease, early relapse, B symptoms, and extranodal disease)
were recorded at each participating institution by electronic health
review. Primary refractory disease was defined as inability to ach-
ieve complete remission after frontline therapy or progression
within 3 months of completion of frontline therapy. Early relapse
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(ER) was defined as disease relapse within 12 months of
completion of frontline therapy. Receipt of BV consolidation per
ATHERA trial at the end of therapy was also recorded. Time to
post-ASCT progression and the number and type of treatments
received for post-ASCT progression were collected. From post-
ASCT progression, participants were followed until death or last
follow-up.

Data were collected by retrospective review of electronic health
records at individual participating sites. After removing patient
identifiers, data were transferred to Mayo Clinic that served as a
leading site for data collection and analyses. Data transfer agree-
ments were executed between Mayo Clinic and all the individual
participating sites according to each institution's requirements.
Study was approved by the institutional review boards of each
participating institution.

Objectives

Primary objective was postprogression overall survival (PPS),
defined as the time from post-ASCT progression to death or last
follow-up. Univariable and multivariate analyses were done to
examine association of demographics and ATHERA risk factors
(primary refractory disease, ER, extranodal disease, B symptoms,
and pre-ASCT partial response, and >2 prior salvage therapies), as
well as novel treatment strategies, with PPS.

Statistical analysis

Categorical variables were described using numbers and pro-
portions. Continuous variables were described using median and
range. Fisher exact test and 32 test were used to detect the dif-
ferences between variables. Kaplan-Meier estimates were used to
describe time to event end points. Log rank test was used to
compare Kaplan-Meier curves between groups. Univariable and
multivariable associations with survival were tested using cox pro-
portional hazard analysis and hazard ratio and 95% confidence
interval (Cl) were used to describe strength of associations. P
value <0.05 was used to detect statistical significance. Nonrelapse
mortality was defined as death without lymphoma relapse and was
calculated from the date of post-ASCT progression in patients who
underwent allogeneic SCT (Allo-SCT) after 1 line of post-
progression therapy.

Results

Patient characteristics

Of the 1158 patients with R/R cHL who underwent ASCT, 367
patients had progressive disease after ASCT. Median age was 34
years (interquartile range, 27-46), and 192 patients were male.
Median time to progression after ASCT was 6 months (range,
3-13 months), and 336 patients had at least 1 pre-ASCT modified
ATHERA risk factor. A total of 65 patients (19%) relapsed during or
after post-ASCT BV consolidation. Ninety patients (24%) received
BV as pre-ASCT therapy; of whom, 14 (4%) also received CPI as
pre-ASCT therapy. Median lines of therapy for post-ASCT pro-
gression were 2 (range, 1-9). A total of 147 patients (40%)
received CPl at any point for post-ASCT progression, and
70 (20%) patients received CPl as a first line of treatment for post-
ASCT progression. A total of 201 patients (55%) received BV at
any point for post-ASCT progression, and 157 (43%) received BV
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Table 1. Patient characteristics

First postprogression treatment CPI (n=70) BV (n = 157) No CPI/BV* (n = 117) P value
Age 971
Median (IQR) 35 (26-47) 33 (27-48) 34 (26-44)
Sex, n (%) 279
F 31 (42.9%) 80 (51.0%) 55 (47.0%)
M 39 (55.7%) 77 (49.0%) 62 (53.0%)
EN disease 31 (44.3%) 51 (32.5%) 50 (42.7%) .342
B symptoms 35 (50.0%) 56 (37.3%) 55 (47.8%) A1l
PRD 16 (22.9%) 42 (26.8%) 30 (25.6%) A
Early relapse 28 (40.0%) 54 (34.4%) 57 (48.7%) A
>1 line of salvage 25 (35.7%) 42 (26.8%) 48 (41.0%) .042
Pre-ASCT positive PET 30 (42.9%) 81 (51.9%) 70 (61.4%) .045
TP <.001
<6 22 (31.4%) 76 (48.4%) 76 (65.0%)
>6 48 (68.6%) 81 (51.6%) 41 (35.0%)

EN, extranodal; IQR, interquartile range; n, number; PRD, primary refractory disease.

*No CPI/BV group includes patients who did not receive BV or CPl as first salvage therapy.

as first post-ASCT progression treatment. One hundred seventeen
patients (32%) were either treated with radiation alone (n = 39),
chemotherapy with or without radiation (n = 59), other targeted
agents such as everolimus or Panobinostat (n = 10), or received
alloASCT (n = 9). Twenty-three patients did not have the name of
agent available (supplemental Table 1).

Table 1 shows the characteristics of patients in the 3 major groups
based on the first treatment (CPI, BV, or No CPI/BV) received at
post-ASCT relapse. A higher number of patients in BV group
received transplantation after 1 line of therapy, and a higher num-
ber of patients in no CPI/BV group received transplantation in
partial response. A higher number of patients in the CPI-first group
had time to progression (TTP) >6 months.

Outcomes

Median follow-up was 48.1 (range, 0.07-140) months. Median PPS
was 114.57 (95% ClI, 91-not achieved) months, that is, 9.5 years.
Ten-year PPS was 46.2% (95% Cl, 35.3-60.3) (Figure 1). There
was no significant difference between PPS of the United States
and the Czech Republic (supplemental Figure 1).

Factors associated with PPS. In the univariate analysis,
increasing age was associated with worse PPS (Figure 2A).
Patients aged <40 years had significantly higher PPS than those
aged between 40 and 60 years and those aged >60 years (5-year
PPS, 70.1; 95% Cl, 63.2-77.7; 5-year PPS, 49.1; 95% Cl,
38.6-62.5; and 5-year PPS, 31.1; 95% CI, 16-63, respectively; P=
.00017). Patients with TTP within 6 months of ASCT had signifi-
cantly inferior survival compared with patients who progressed
after 6 months (5-year PPS, 51.2; 95% Cl, 43.4-60.4 vs 5-year
PPS, 68.9; 95% CI, 60.5-78.5, respectively; P < .0001;
Figure 2B).

There was no difference between PPS of patients who received
pre-ASCT BV or CPI (n = 90) and patients who were BV or CPI
naive at the time of post-ASCT progression (5-year PPS, 65%;
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95% CI, 52-81 and 5-year PPS, 59%; 95% ClI, 53-66; P = .9;
supplemental Figure 2).

In addition to increasing age (hazard ratio [HR], 1.03; 95% CI,
1.01-1.04; P < .001) and TTP of <6 months (HR, 1.5; 95% CI,
1.08-2.18; P < .001), pre-ASCT high-risk features such as pre-
ASCT positive PET scan (HR, 1.7; 95% ClI, 1.1-2.6; P = .01),
requirements of >1 salvage therapy (HR, 1.5; 95% CI, 1.07-2.3;
P=.02) and B symptoms (HR, 1.5; 95% Cl, 1.0-2.2; P=.02), and
receipt of posttransplant BV maintenance (HR, 0.4; 95% ClI, 0.2-
0.9; P =.02) were associated with inferior PPS. Pre-ASCT extra-
nodal disease, primary refractory disease, ER, and sex were not
associated with PPS (Table 2).

In the multivariate analysis, increasing age, TTP of <6 months, and
pre-ASCT positive PET scan were significantly associated with
inferior PPS (Table 3).

Treatments for post-ASCT progression. We assessed how
sequencing of BV and CPI treatment for posttransplant progres-
sion influences PPS. We divided the patients into 3 groups based
on the first treatment received for post-ASCT progression: CPI
group (n = 70), BV group (n = 157), and no CPI/BV group (n =
117). Twenty-three patients did not have details of treatments
available and were excluded from this analysis. Of the 70 patients
who received CPI as first treatment, 16 (23%) received further
lines of treatment for recurrent disease. Of the 157 patients who
received BV as first treatment, 76 (48%) received further treatment
for recurrent disease. Of the 117 patients in no CPI/BV group, 77
(66%) received further treatment for recurrent disease. Patients in
the CPI group had significantly lower likelihood of receiving further
treatment for recurrent disease than those in the BV group (odds
ratio [OR], 3.3; 95% ClI, 1.3-6.8; P < .001) or those in the no CPI/
BV group (OR, 5.1; 95% ClI, 2.6-10.2; P < .001).

Of the 157 patients who received BV first, 54 (34%) received CPI
at any point afterwards for disease recurrence. Of the 117 patients
in the no CPI/BV group, 24 (20%) had CPI and 34 (29%) had BV
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Figure 1. PPS of entire population. NA, not achieved.
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Figure 2. PPS by age group and time to posttransplant progression (TTP). (A) PPS by age groups. (B) PPS by TTP. NA, not achieved.
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Table 2. Univariable analysis of factors associated with PPS

Table 3. Univariable analysis of factors associated with PPS

Model Risk factors HR P value 95% CI Risk factors HR P value 95% CI
1 Age 1.0300 <.0001 1.01-1.04 BV maintenance 0.6 0.1 0.3-1.2
2 >1 lines of salvage pre-ASCT 1.4900 .04 1.01-2.2 Age 1.03 <.001 1.02-1.1
3 Primary refractory disease 1.2200 4 0.8-1.9 TTP >6 months 0.5 0.002 0.3-0.8
3 ER 0.7500 3 0.5-1.3 Pre-ASCT positive PET 1.7 0.01 1.1-2.6
4 Pre-ASCT positive PET 1.4600 .05 1.00-2.1 >1 salvage pre-ASCT 1.4 0.09 0.9-2.1
5 Male sex 1.1 4 0.8-1.6 B-symptoms pre-ASCT 1.3 0.1 0.9-2.0
6 B symptoms pre-ASCT 1.5100 .03 1.03-2.2 TTP <8, time to progression <6 months post-ASCT.

7 TTP >6 months 0.3600 <.0001 0.2-0.5 Associations in bold are statistically significant.

8 Pre-ASCT extranodal disease 1.3200 2 0.9-1.9

TTP <86, time to progression <6 months post-ASCT.
Associations in bold are statistically significant.

as subsequent line of treatments. Of the 70 patients who received
CPI first, 13 (19%) received BV as subsequent line of therapy.

In the univariate analysis, patients who received CPI as the first
treatment for post-ASCT progression had significantly higher PPS
than those in the no CPI/BV group (HR, 3.4; 95% CI, 1.5-7.8; P=
.002) and the BV group (HR, 2.4; 95% CI, 1.1-5.23; P = .03,
Figure 3A). There was no difference in the PPS of patients who
received BV first and those who did not receive CPI or BV as the
first postprogression therapy (HR, 1.7; 95% Cl, 0.96-2.0; P=.07).
These results were consistent in the subgroup of patients who
relapsed within 6 months of ASCT (Figure 3B).

When adjusted for age, TTP, and pre-ASCT PET response,
patients in the CPI group consistently had superior PPS than those
in the no CPI/BV group (HR, 2.6; 95% Cl, 1.2-5.9; P=.01). There
was no difference between the CPI and BV groups. (Table 4).

Radiation for post-ASCT progression. Thirty-nine patients
received radiation only as first treatment at progression, 5-year
PPS in this population was 63.3% (95% Cl, 46.6-86.3)
(Figure 4A). Sixteen patients (41%) stayed alive without requiring
any subsequent therapy, and 5-year PPS in this population was
82.9% (95% ClI, 63.6-1.00) (Figure 4B).

Receipt of Allo-SCT. Ninety-seven patients received Allo-SCT at
any point after ASCT for disease progression, and 54 received
Allo-SCT as consolidation to first treatment for post-ASCT pro-
gression. There was no difference in the characteristics of patients
who did and those who did not receive Allo-SCT at any point
(supplemental Table 2).

Of the 97 patients who were received Allo-SCT at any point, 19
(20%) required subsequent lines of therapy over a median follow-
up of 25 months (range, 0.07-140). This was significantly lower
than that of patients who did not receive Allo-SCT (102/270
[37%]; P =.001). There was no difference in the PPS of patients
who received Allo-SCT at any point for post-ASCT progression vs
patients who did not (Figure 4C). Twenty-five patients (39%) who
received Allo-SCT died without any further relapse. In 54 patients
who underwent Allo-SCT after 1 line of postprogression therapy,
49 did not require any further therapy for progression. Two-year
probability of nonrelapse mortality in this population was 30%
(95% CI, 15-40) (supplemental Figure 3).
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To remove lead-time bias, we compared PPS of patients who
received Allo-SCT as a consolidation therapy to first treatment for
post-ASCT progression with those who did not. There was no
significant difference between patients who received Allo-SCT as
first treatment for progression after ASCT vs those who either
received Allo-SCT for later lines of therapy or did not receive Allo-
SCT at all (Figure 4D).

Discussion

In this multicenter cohort study, we observed that median PPS of
patients with cHL relapsed after ASCT approaches 10 years in
the modern treatment era. Increasing age, progression within
6 months of ASCT, and pre-ASCT positive PET scan were
associated with inferior PPS. Patients who were given CPI first,
but not BV first, had higher PPS than patients who did not
receive BV or CPI first. Receipt of Allo-SCT was not associated
with higher PPS.

Patients with cHL relapsed after ASCT have median PPS of 1 to 3
years in the pre—novel agent era.®° Retrospective studies have
reported improved PPS in patients who were treated with CPI or
BV for post-ASCT progression, although a smaller number of
patients were treated with novel agents in these studies.’®'® A
large study with majority of patients treated with novel agents
would provide the estimate of prognosis of this population in the
modern treatment era. The median survival of 9.5 years observed in
this study compared favorably with reports from the pre—novel
agent era. The observation validates previous findings and under-
scores efficacy of novel agents, both CPl and BV, in achieving
durable remissions and improving outcomes in this population.

Increasing age and progression within 6 months of ASCT were
associated with inferior survival in the pre—novel agent era.” These
factors continue to predict poor prognosis in the modern treatment
era as observed in our study. This underscores the continued need
for better treatment strategies in this patient population to improve
outcomes, even in the modern treatment era.

We observed that pre-ASCT residual disease and B symptoms as
well as requirement of multiple salvage therapies were associated
with inferior survival even for patients who progressed after ASCT.
This calls for better pre-ASCT treatment strategies in this high-risk
subgroup that can reduce the likelihood of post-ASCT relapse.
With increasing evidence that pre-ASCT CPl-based salvage
therapies is associated with higher post-ASCT PFS, earlier use of
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Figure 3. PPS by type of first treatment for posttransplant progression. (A) In all available patients. (B) In patients who relapsed within 6 months.

CPI as a salvage regimen before ASCT could improve outcomes in
this high-risk population.”"®

Patients who received CPl as first post-ASCT treatment had
significantly higher PPS than patients who did not receive novel
agents as first treatment and trend toward higher PPS than
patients who received BV. This finding could be because of the
longer duration of treatment in CPl arm than that in BV or
chemotherapy arm. In addition, requirement of subsequent line of
therapy was significantly lower in patients who received CPI first
than those in other groups. Only a proportion of patients who did
not receive CPlI first were able to receive it as subsequent line of
therapy. This underscores importance of earlier sequencing of CPI,
even in the subgroup of patients who progressed within 6 months
of ASCT, to improve outcomes.

Patients who received Allo-SCT had a significantly lower likelihood
of requiring subsequent line of treatment but no difference in PPS
than those who did not receive Allo-SCT. Furthermore, about one-
fifth of patients who received Allo-SCT required subsequent line of

Table 4. PPS by type of first postprogression treatment when
adjusted for risk factors

Model Term HR P 95% CI
1 BV first* 2.0 A 0.9-4.3
1 No CPI or BV* 2.6 .01 1.2-5.9
1 Age 1.03 <.0001 1.02-1.04
1 TTP >6 months 0.4 <.0001 0.3-0.6
1 Pre-ASCT positive PET iE5) .06 0.9-2.2

Associations in bold are statistically significant.
*CPI as first post-ASCT treatment.
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therapy. Allo-SCT after PD1 blockade has been associated with
substantial rates of graft-versus-host disease in retrospective
studies.’® Taken together, this questions the utility of Allo-SCT in
achieving cure or prolonging survival in patients with cHL relapsed
after ASCT in the modern treatment era and might increase the risk
of graft-versus-host disease. In the modern treatment era, Allo-SCT
could probably be reserved for selective group of young patients
with aggressive disease.

Peritransplant radiation has shown to improve outcomes in recur-
rent cHL but impact of palliative radiation in patients with post-
ASCT relapse is not well described.”’ We observed encouraging
survival in a small group of patients who received local radiation
only for post-ASCT progression, and about half of them had
durable remissions without requiring further treatment. Thus, radi-
ation might be efficacious in achieving durable remission in a
selected group of individuals with low tumor burden at relapse.

Limitations of our study include retrospective nature and unavail-
ability of disease features at post-ASCT progression. Lack of
treatment duration and further relapses of postprogression thera-
pies limit accurate analysis of duration of response. Despite these
features, to our knowledge, our study provides the largest cohort till
date, informing the outcomes of patients with cHL who relapsed
after ASCT in the modern treatment era.

In conclusion, patients with cHL who progress after ASCT have a
median survival of 9.5 years. Age >40 years, TTP <6 months, and
less than complete metabolic response before transplant are
associated with inferior PPS. Patients who received CPI but not BV
had higher survival rate than patients who did not receive novel
agents. This study reports outcomes of patients with cHL who
progress after ASCT in a large cohort and serves as benchmark for
future clinical trials.
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treatment.
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