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Long-term survival benefit of anti-PD-1 therapy in patients
with relapsed or refractory classical Hodgkin lymphoma

Weiping Liu', Ningjing Lin', Xingin Feng? Yan Xie', Chong You®, Xiaohua Zhou @**, Yuqin Song'™ and Jun Zhu

1

Anti-programmed cell death-1 (anti-PD-1) therapies have shown a favorable efficacy and good tolerance for relapsed or refractory
(r/r) classical Hodgkin lymphoma (cHL). However, there are limited data on long-term outcomes among patients with r/r cHL who
achieve an objective response to anti-PD-1 therapies. A total of 260 responders from four, phase 2 clinical trials were included in
this study. The median age was 32 years with a male/female ratio of 1.3:1. After a median follow-up period of 31.1 months, 116
(44.6%) responders experienced disease progression and 18 (6.9%) died. The 3-year progression-free survival (PFS) and overall
survival (OS) rates were 55.1% and 89.7% overall. Patients with partial remission (PR) had inferior outcomes compared with those
who achieved complete remission (3-year PFS, 29.5% vs. 72.3%, P < 0.001; 3-year OS, 81.5% vs. 94.4%, P = 0.017). Moreover, the
survival outcome was inferior for patients with refractory disease compared with those with relapsed disease. Multivariate Cox
regression analysis showed PR and refractory disease were independent risk factors for PFS. In conclusion, PR and refractory disease
have a negative impact on the survival benefit of anti-PD-1 therapeutics in patients with r/r cHL, which highlights the need for

multimodal treatment strategies.
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INTRODUCTION

Hodgkin lymphoma (HL) constitutes about 10% of all lymphomas.
It is estimated there are 83,087 new cases and 23,376 deaths
related to HL worldwide in 2020." Although it is a malignancy, HL
is deemed as a curable disease due to evolved treatment
strategies. A retrospective cohort study showed the 10- and 20-
year overall survival (OS) rates were 81 and 67% for trial
participants, and 77 and 65% for those treated outside clinical
trials, respectively.” Moreover, the survival outcome is improved
over time. For example, the 10-year OS increased from 80 to 95%
for patients aged 15-17 years, and increased from 88 to 94% for
those aged 18-24 years between 1990-1994 and 2005-2009.°

Despite its excellent prognosis, 20-30% of patients with classic
HL (cHL) experience refractory disease or relapse with current
standard of care.*® Autologous hematopoietic stem cell trans-
plantation (ASCT) is recommended for young and fit patients who
achieve remission after salvage chemotherapy. A retrospective
study showed the 5-year progression-free survival (PFS) and OS
rates for the whole population were 55 and 73% in 501 patients
with high-risk relapsed HL, respectively.® However, nearly 50% of
patients who undergo ASCT experience disease progression post-
transplantation.” Patients with progression post-transplantation,
as well as those ineligible for transplantation, exhibit inferior
outcomes to conventional salvage chemotherapy.

Newer drugs such as brentuximab vedotin (BV) and anti-PD-1
have demonstrated a level of efficacy and safety superior to
conventional chemotherapy in relapsed or refractory (r/r) cHL
patients.? In a pivotal phase 2 trial of BV, the 5-year PFS and OS
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rates of 22 and 41%, respectively, were observed among 102 r/r
cHL patients after failure of ASCT.? In the CheckMate 205 study,
the overall response rate (ORR) was 69% with a complete
remission (CR) rate of 16% in 243 patients who received
nivolumab.'® In the KEYNOTE-087 study, the ORR was 71.9% with
a median PFS of 13.7 months in 210 patients who received
pembrolizumab.!" A randomized study comparing pembrolizu-
mab with BV in r/r cHL demonstrated superior PFS for the former
compared with the latter (median 13.2 vs. 8.3 months, respec-
tively).'> However, there are currently limited data on long-term
outcomes for r/r cHL patients who achieve a response to anti-PD-1
therapy.

In the current study, we conducted an analysis of patient-level
data consolidated from four, phase 2 pivotal studies of anti-PD-1
therapeutics. We determined the long-term survival outcomes in
responders to anti-PD1 therapy, and evaluated the impact of
disease status and remission status on survival benefit. We also
explored the optimal treatment duration of anti-PD1 therapy.
These findings may help to extend our understanding of long-
term survival benefit of anti-PD1 therapy and to develop
multimodal treatment strategies in patients with r/r cHL.

RESULTS

Among the 324 patients enrolled in the four, phase 2 studies, 260
met the criteria for inclusion in analyses of long-term outcomes. A
total of 215 patients were identified as ineligible for ASCT, for
whom inaccessibility to remission after salvage chemotherapy was
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the most common reason (n=184), followed by co-existing
comorbidity (n = 12), older age (n = 10), and failure to collect stem
cells or being unable to perform stem cell collection (n=29).
Baseline demographic and disease characteristics for responders
enrolled in each of the studies and the consolidated responder
dataset are detailed in Table 1. Of the whole cohort, 140 patients
achieved CR and 120 achieved partial remission (PR) as best
response to anti-PD-1 therapy. The median age for the cohort was
32 years with a male/female ratio of 1.3:1. The median number of
prior lines of chemotherapy was 3 (range, 2-11). Approximately
one-third of patients received prior radiotherapy, 45 underwent
ASCT and 9 had prior treatment with BV. Of the cohort, 184
(70.8%) patients had refractory disease at baseline. The median
duration of anti-PD-1 therapy was 24.2 months (range,
2.8-55.8 months). A total of 105 patients discontinued anti-PD-1
therapy within 24 months, for whom disease progression was the
most common reason (n = 93), followed by adverse events (n = 7),
and withdrawal of consent (n =5).

A total of 116 (44.6%) responders experienced disease
progression after a median follow-up period of 31.1 months.
More patients who achieved a PR experienced disease progression
than those with CR (62.0% vs. 27.7%; P < 0.001). Correspondingly,
the 3-year PFS rate for PR patients was 29.5% compared with
72.3% for patients who achieved CR (Fig. 1a). The 3-year PFS was
inferior for responders to anti-PD-1 therapy with refractory disease
at baseline compared with those with non-refractory disease
(49.1% vs. 66.5%, P< 0.001, Fig. 2a). Anti-PD-1 treatment for
>24 months correlated with better disease control compared with
<24 months as evidenced by 3-year PFS rates of 74.5% and 28.6%,
respectively (P <0.001). For those patients with CR, the median
maintenance duration of anti-PD-1 therapy from CR was
23.8 months (range, 0.4-53.0 months). In the subset, those
patients who continued anti-PD-1 therapy for =24 months had
more favorable 3-year PFS rate compared with those who were
treated for <24 months (81.3% vs. 47.1%, P<0.001). Those
patients who maintained CR for =24 months (n =76) had more
favorable 3-year PFS (93.0% vs. 30.2%, P < 0.001) compared with
those who maintained CR for <24 months (n = 64).

Eighteen (6.9%) responders (6 with CR, 12 with PR) died. The
most common cause of death was lymphoma progression
(n=11). The 3-year OS rate was 89.7% for responders overall.
The trends of OS generally mirrored those observed in PFS.
Patients with PR had inferior OS compared with those with CR
(81.5% vs. 94.4% at 3 years, P=0.017, Fig. 1b). However, the
difference in the OS rate between patients with and without
refractory disease had no statistical significance (Fig. 2b). In terms
of duration of treatment, the 3-year OS rates were 71.6% and
98.5% for patients with a duration of treatment of <24 and >24
months, respectively (P < 0.001). Among patients with CR, a longer
duration of treatment (=24 months) brought a positive impact on
the survival outcome (3-year OS, 98.1% vs. 82.9%, P < 0.001). Those
patients who maintained CR for >24 months had more favorable
3-year OS (98.0% vs. 88.9% P =0.011) compared with those who
maintained CR for <24 months. The median time from disease
progression to death or last follow-up were 16.7 months for
patients who continued anti-PD-1 (n =68) and 10.2 months for
those who transitioned to other therapies post-progression
(n = 48), respectively.

Univariate Cox regression analysis identified male gender,
presence of B symptoms, refractory disease, PR as best response,
and time to response >3 months as risk factors for PFS. In the
multivariate analysis, refractory disease (hazard ratio [HR] = 1.9)
and PR (HR = 3.6) were independent risk factors for progression
(Table 2). According to the above two risk factors, the cohort was
divided into four risk groups (Table 3). As shown in Fig. 3, the
3-year PFS rates were 27.6% for patients who had PR with
refractory disease (n=92), 40.5% for patients who had PR with
non-refractory disease (n=28), 67.5% for patients who had CR
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with refractory disease (n =92), and 80.9% for patients who had
CR with non-refractory disease (n = 48), respectively.

DISCUSSION

Anti-PD-1 therapies have definitively demonstrated the ability to
prolong disease control and survival in patients with r/r cHL who
have few or no other effective treatment options. We conducted
an analysis of patient-level data consolidated from four, phase 2
pivotal studies. The relatively large sample size enabled an
evaluation of risk factors for progression and survival among
patients who achieved an objective response to anti-PD-1 therapy.
The results showed that achieving CR and non-refractory disease
led to more favorable outcomes.

In the pivotal phase 2 trials, overall 1-year PFS rates were
comparable with a range between 66.5 and 78.0% for different
anti-PD-1 therapy.'®™'> Not unexpectedly, outcomes were more
favorable for patients who achieved CR.'®"” A retrospective study
showed anti-PD-1 therapy led to an ORR of 65% with the 2-year
PFS of 42.3% in 64 patients with r/r cHL.'® In the current study, the
3-year PFS rate for responders was 55.1% overall; among patients
who achieved CR as their best response, the 3-year PFS rate was
2.5-fold higher than that of patients with PR (i.e., 72.3% and 29.5%,
respectively). These findings confirm that deeper remission
confers a greater survival advantage.

The survival benefit of anti-PD-1 therapy varied by the use of
prior antitumor drugs. The median PFS was more favorable in
patients who were treated without BV.'®'" Moreover, there was
significant difference in the 3-year PFS (90% vs. 61%) between
patients with relapsed disease and those with primary refractory
disease when they received BV in combination with nivolumab."
Compared with those with refractory disease, patients with non-
refractory disease showed better survival benefit (3-year PFS,
49.1% vs. 66.5%) when they received anti-PD-1 therapy in the
current study. These findings highlighted the need to evaluate the
survival benefit of anti-PD-1 therapy stratified by prior therapy and
response.

The optimal duration of anti-PD-1 therapy remains unclear. In
the CheckMate 205 study, 12 patients stopped nivolumab after
more than 1-year of continuous CR, and six were still in remission
after a median follow-up period of 48 months.*® A retrospective
analysis showed that the 5-year PFS rate was 42.3% for 19 patients
who discontinued nivolumab and received no subsequent
therapy.?' In the current study, the 3-year PFS rate was 2.6-fold
higher in patients treated with anti-PD-1 for 224 months than in
those treated for <24 months. Even in the subset of patients with
CR, the 3-year PFS rate increased by more than 30% in those who
continued anti-PD-1 therapy for =24 months. These findings imply
that a duration of anti-PD1 therapy >24 months may be preferred
for those responder, and longer treatment duration of anti-PD1
therapy results in a better survival benefit.

There are some limitations in the current study. First, differences
in eligibility criteria among the four trials may have resulted in
different risk profiles of study populations. Second, the impact of
salvage therapy post-progression on the long-term survival was
not evaluated due to the unavailable data in these four pivotal
prospective studies. Finally, differences in drug structure and anti-
PD-1 treatment regimens of these studies should be taken into
account when considering the results of the analyses reported
herein.

In conclusion, the current study explored the long-term
outcomes for patients with r/r cHL treated with anti-PD-1
therapeutics. Over half of responders were alive and without
disease progression after a median follow-up period of
31.1 months. Nearly one fifth of responders to anti-PD-1 therapy,
characterized by CR and non-refractory disease, had the best
survival outcome with a 3-year PFS rate of more than 80%,
implying this subset of patients may be cured with anti-PD-1
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Table 1. Baseline characteristics of 260 responders treated with anti-PD-1 therapies from four pivotal phase 2 trials
Characteristics Patient No. [n (%)] P
Total (N =260) AK105-201 (N =76) BGB-A317-203 (N=61) SHR-1210-11-204 (N = 58) YH-S001-04 (N = 65)
Sex 0.958
Male 149 (57.3) 45 (59.2) 34 (55.7) 34 (58.6) 36 (55.4)
Female 111 (42.7) 31 (40.8) 27 (44.3) 24 (41.4) 29 (44.6)
Age (years) 0.050
>60 8 (3.1) 2 (2.6) 5(8.2) 1(1.7) 0 (0.0)
<60 252 (96.9) 74 (97.4) 56 (91.8) 57 (98.3) 65 (100.0)
Ethnicity 0.576
Han 254 (97.7) 74 (97.4) 61 (100.0) 56 (96.6) 63 (96.9)
Others 6 (2.3) 2 (2.6) 0 (0.0) 2 (3.4) 2 (3.1)
Histology 0.174
LR 14 (5.4) 3(3.9) 2 (3.3) 4 (6.9) 5(7.7)
NS 165 (63.4) 55 (72.4) 40 (65.6) 32 (55.2) 38 (58.4)
MC 54 (20.8) 16 (21.1) 13 (21.3) 10 (17.2) 15 (23.1)
LD 1(0.4) 0 (0.0) 0 (0.0) 1(1.7) 0 (0.0)
Missing 26 (10.0) 2 (2.6) 6 (9.8) 11 (19.0) 7 (10.8)
Stage 0.613
| 2 (0.8) 1(1.3) 1(1.6) 0 (0.0) 0 (0.0)
I 46 (17.7) 13 (17.1) 12 (19.7) 9 (15.5) 12 (18.5)
1} 53 (20.4) 10 (13.2) 12 (19.7) 13 (22.4) 18 (27.7)
\Y 159 (61.1) 52 (68.4) 36 (59.0) 36 (62.1) 35 (53.8)
ECOG PS 0.054
0 172 (66.2) 56 (73.7) 41 (67.2) 30 (51.7) 45 (69.2)
1 88 (33.8) 20 (26.3) 20 (32.8) 28 (48.3) 20 (30.8)
B symptoms 0.020
Yes 85 (32.7) 31 (40.8) 22 (36.1) 20 (34.5) 12 (18.5)
No 169 (65.0) 45 (59.2) 39 (63.9) 36 (62.1) 49 (75.3)
Missing 6 (2.3) 0 (0.0) 0 (0.0) 2 (34 4(6.2)
Bulky disease 0.007
Yes 17 (6.5) 0 (0.0) 7 (11.5) 2 (3.4) 8(12.3)
No 243 (93.5) 76 (100.0) 54 (88.5) 56 (96.6) 57 (87.7)
Elevated LDH <0.001
Yes 70 (26.9) 27 (35.5) 20 (32.8) 17 (29.3) 6(9.2)
No 150 (57.7) 49 (64.5) 41 (67.2) 41 (70.7) 19 (29.2)
Missing 40 (15.4) 0 (0.0) 0 (0.0) 0 (0.0) 40 (61.5)
Refractory disease <0.001
Yes 184 (70.8) 74 (97.4) 20 (32.8) 49 (84.5) 41 (63.1)
No 76 (29.2) 2 (2.6) 41 (67.2) 9 (15.5) 24 (36.9)
Prior lines of CT 0.581
2 119 (45.8) 37 (48.7) 24 (39.3) 21 (36.2) 37 (56.9)
3 64 (24.6) 19 (25.0) 15 (24.6) 16 (27.6) 14 (21.5)
4 32 (12.3) 10 (13.2) 8 (13.1) 7 (12.1) 7 (10.8)
5 25 (9.6) 7 (9.2 7 (11.5) 6 (10.3) 5(7.7)
26 20 (7.7) 3 (3.9 7 (11.5) 8 (13.8) 2 (3.1)
Prior RT <0.001
Yes 79 (30.4) 22 (28.9) 12 (19.7) 30 (51.7) 15 (23.1)
No 178 (68.4) 54 (71.1) 49 (80.3) 28 (48.3) 47 (72.3)
Missing 3(1.2) 0 (0.0) 0 (0.0) 0 (0.0) 3 (4.6)
Prior BV 0.065
Yes 9 (3.5) 0 (0.0) 4 (6.6) 4 (6.9) 1(1.5)
No 251 (96.5) 76 (100.0) 57 (93.4) 54 (93.1) 64 (98.5)
Prior ASCT 0.849
Yes 45 (17.3) 13 (17.1) 12 (19.7) 8 (13.8) 12 (18.5)
No 215 (82.7) 63 (82.9) 49 (80.3) 50 (86.2) 53 (81.5)
ASCT autologous stem cell transplantation, BV brentuximab vedotin, CT chemotherapy, ECOG PS eastern cooperative oncology group performance status, LD
lymphocyte depleted, LDH lactate dehydrogenase, LR lymphocyte rich, MC mixed cellularity, NS nodular sclerosis, RT radiotherapy
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Progression-free survival (a) and overall survival (b) according to best response achieved to anti-PD-1 therapy. CR complete remission,
OS overall survival, PFS progression-free survival, PR partial remission
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Fig.2 Progression-free survival (a) and overall survival (b) according to presence/absence of refractory disease at baseline. OS overall survival,

PFS progression-free survival

Table 2. Cox regression analysis of risk factors for progression-free survival
Univariate analysis Multivariate analysis
HR 95% Cl P HR 95% ClI P
Male 1.666 1.129-2.460 0.010
Age 245 years 1.104 0.707-1.721 0.664
ECOG PS=1 1.336 0.916-1.950 0.133
Stage IlI-IV 1.431 0.843-2.430 0.184
B symptom 1.475 1.011-2.150 0.044
Bulky disease 0.642 0.262-1.574 0.333
Refractory disease 2.175 1.386-3.415 <0.001 1.915 1.218-3.011 0.005
Prior CT lines 23 0.892 0.618-1.289 0.544
Prior radiotherapy 0.702 0.466-1.058 0.091
Prior ASCT 0.673 0.396-1.143 0.143
Prior BV 1.232 0.503-3.021 0.648
Partial remission 3.826 2.571-5.693 <0.001 3611 2.425-5.377 <0.001
TTR >3 months 0.644 0.435-0.952 0.027

ASCT autologous stem cell transplantation, BV brentuximab vedotin, C/ confidence interval, CT chemotherapy, ECOG PS eastern cooperative oncology group
performance status, HR hazard ratio, TTR time to response
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Table 3. Characteristics of 260 patients stratified by disease status and response to anti-PD-1 therapy
Characteristics Patient No. [n (%)] P
PR with refractory disease PR with non-refractory disease  CR with refractory disease CR with non-refractory disease
(N=92) (N=128) (N=92) (N =48)
Sex 0.068
Male 57 (61.9) 21 (75.0) 48 (52.2) 23 (47.9)
Female 35 (38.1) 7 (25.0) 44 (47.8) 25 (52.1)
Age (years) 0.924
>60 2 (2.2) 1(3.6) 3(3.3) 2 (4.2)
<60 90 (97.8) 27 (96.4) 89 (96.7) 46 (95.8)
Ethnicity 0.303
Han 91 (98.9) 27 (96.4) 88 (95.7) 48 (100.0)
Others 1(1.1) 1(3.6) 4 (4.3) 0 (0.0)
Histology 0.945
LR 6 (6.5) 3(10.7) 4 (4.3) 1(2.1)
NS 56 (60.9) 17 (60.7) 60 (65.2) 32 (66.7)
MC 20 (21.7) 6 (21.4) 18 (19.6) 10 (20.8)
LD 1(1.1) 0 (0.0) 0 (0.0) 0 (0.0)
Missing 9 (9.8) 2(7.2) 10 (10.9) 5(10.4)
Stage 0.516
| 1(1.1) 0 (0.0) 1(1.1) 0 (0.0)
Il 12 (13.0) 4 (14.3) 21 (22.8) 9 (18.8)
1} 20 (21.7) 9 (32.1) 18 (19.6) 6 (12.5)
\Y 59 (64.2) 15 (53.6) 52 (56.5) 33 (68.7)
ECOG PS 0.231
0 54 (58.7) 18 (64.3) 67 (72.8) 33 (68.7)
1 38 (41.3) 10 (35.7) 25 (27.2) 15 (31.3)
B symptoms 0.483
Yes 32 (34.8) 9 (32.1) 29 (31.5) 15 (31.3)
No 57 (61.9) 17 (60.7) 62 (67.4) 33 (68.7)
Missing 3(3.3) 2(7.2) 1(1.1) 0 (0.0)
Bulky disease 0.083
Yes 5 (5.4) 5(17.9) 5(5.4) 2(4.2)
No 87 (94.6) 23 (82.1) 87 (94.6) 46 (95.8)
Elevated LDH 0.002
Yes 31 (33.7) 10 (35.7) 19 (20.7) 10 (20.8)
No 49 (53.3) 8 (28.6) 64 (69.5) 29 (60.4)
Missing 12 (13.0) 10 (35.7) 9 (9.8) 9 (18.8)
Prior lines of CT 0.119
2 42 (45.7) 11 (39.3) 48 (52.2) 18 (37.5)
3 23 (25.0) 10 (35.7) 19 (20.7) 12 (25.0)
4 9 (9.8) 3(10.7) 15 (16.3) 5(10.4)
5 12 (13.0) 3(10.7) 5(5.4) 5(104)
26 6 (6.5) 1(3.6) 5(5.4) 8 (16.7)
Prior RT 0.416
Yes 26 (28.3) 5(17.9) 32 (34.8) 16 (33.3)
No 66 (71.7) 22 (78.5) 59 (64.1) 31 (64.6)
Missing 0 (0.0) 1(3.6) 1(1.1) 1(2.1)
Prior BV 0.425
Yes 2 (2.2) 0 (0.0 4 (4.3) 3 (6.3)
No 90 (97.8) 28 (100.0) 88 (95.7) 45 (93.7)
Prior ASCT 0.044
Yes 20 (21.7) 1(3.6) 12 (13.0) 12 (25.0)
No 72 (78.3) 27 (96.4) 80 (87.0) 36 (75.0)
ASCT autologous stem cell transplantation, BV brentuximab vedotin, CT chemotherapy, ECOG PS eastern cooperative oncology group performance status, LD
lymphocyte depleted, LDH lactate dehydrogenase, LR lymphocyte rich, MC mixed cellularity, NS nodular sclerosis, RT radiotherapy
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Fig. 3 Progression-free survival according to presence/absence of
refractory disease at baseline and best response achieved to anti-
PD-1 therapy. CR complete remission, PFS progression-free survival,
PR partial remission

therapy. Whereas, those patients with PR, regardless of refractory
disease, had an inferior survival outcome with a 3-year PFS rate of
less than 50%. Thus, there is a need for further study on
multimodal treatment strategies among patients who have
achieved objective responses from anti-PD-1 therapy in order to
gain even greater improvements in freedom from disease
progression and survival among patients with r/r cHL.

MATERIALS AND METHODS

This study was approved by the Ethics Committee at Peking
University Cancer Hospital and Institute and participating centers’
institutional review boards. It was conducted in compliance with
the Declaration of Helsinki. The requirement for informed consent
was waived owing to the use of a deidentified data set.

Data sources
Patient-level data were collected from four pivotal, phase 2 clinical
trials: AK105-201 study (NCT03722147), BGB-A317 study
(NCT03209973), GLS-010 study (NCT03655483), and SHR-1210
study (NCT03155425)."*71722 Each trial enrolled male or female
patients who were aged >18 years and had an Eastern Cooperative
Oncology Group Performance Status score of 0-1. All patients had
a diagnosis of cHL histologically confirmed by central pathologic
review. All assessments of response and progression were
conducted by an independent review committee. All patients
were required to have received at least one dose of anti-PD-1
therapy and achieve a PR or CR as defined by the Lugano Response
Criteria for inclusion in analyses of long-term outcomes.?®
Specifically, the AK105-201 study included the patients who had
disease progression after ASCT, and the patients who had r/r
disease after >2 lines of prior multi-agent systemic chemother-
apy.'* In the AK105-201 study, 85 patients were treated with
penpulimab (200 mg, every 2 weeks) until disease progression or
unacceptable toxicities for a maximum duration of 24 months.'®
The BGB-A317 study included the patients who failed to achieve a
response or progressed after ASCT, and the patients who were
ineligible for ASCT with >2 lines of prior chemotherapy.'”?? In the
BGB-A317 study, 70 patients were treated with tislelizumab
(200 mg, every 3 weeks) until disease progression, unacceptable
toxicity, or study termination.'”?* The GLS-010 study included the
patients who relapsed or progressed after ASCT, and the patients
who were ineligible for ASCT with =2 lines of prior systemic
multidrug combination chemotherapy.'” In the GLS-010 study, 85
patients were treated with zimberelimab (240 mg, every 2 weeks)
until disease progression, intolerable toxicity, or withdrawal of
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consent, for a maximum duration of 24 months.'® The SHR-1210
study included the patients who failed to achieve a remission after
ASCT, the patients who progressed after ASCT, and the patients
who were ineligible for ASCT with >2 lines of prior systemic
chemotherapy.”®'® In the SHR-1210 study, 75 patients were
treated with camrelizumab (200 mg, every 2 weeks) until disease
progression, intolerable toxicity, withdrawal of consent, or
investigator decision to discontinue therapy.'*'®

Statistics

PFS was calculated from the time of registration to disease
progression or death from any cause. OS was calculated from
registration to death from any cause. Patients who were free from
progression and alive at the time of analysis for PFS and OS were
censored at the last follow-up.

Kaplan-Meier methodology was used to compare differences in
PFS and OS among responders; and the log rank test was used to
test for statistical significance. Univariate and multivariate Cox
regression analyses were conducted to assess the impact of the
following demographic, disease and treatment variables on the
risk for disease progression. All statistical analyses were performed
using R studio (R version 4.1.2), and P<0.05 was considered
statistically significant.

DATA AVAILABILITY
The data and materials used in the current study are available from the
corresponding authors upon reasonable request, without undue reservation.

ACKNOWLEDGEMENTS

The authors thank the patients and their families, as well as the participating study
teams, for making this study possible. This study was supported by the Clinical
Research Fund for Distinguished Young Scholars of Beijing Cancer Hospital (Grant No.
QNJJ202106), Beijing Xisike Clinical Oncology Research Foundation (Grant No.
Y-HS202202-0104 and Y-Young2023-0286), and National Natural Science Foundation
of China (Grant No. 81972807).

AUTHOR CONTRIBUTIONS

W.L. conceived and designed the study, analyzed the data, and drafted and revised
the manuscript. N.L. and X.F. prepared and analyzed the data. Y.X, C.Y. and X.Z.
drafted and revised the manuscript. Y.S. and J.Z. designed the study, interpreted the
results, and drafted and revised the manuscript. All the authors have provided critical
comments on the manuscript. All authors have read and approved the article.

ADDITIONAL INFORMATION

Competing interests: The authors declare no competing interests.

REFERENCES

. Sung, H. et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence
and mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 71,
209-249 (2021).

. Liu, L. et al. Survival differences between patients with Hodgkin lymphoma

treated inside and outside clinical trials. A study based on the EORTC-netherlands

cancer registry linked data with 20 years of follow-up. Br. J. Haematol. 176, 65-75

(2017).

Reedijk, A. M. J. et al. Improved survival for adolescents and young adults with

Hodgkin lymphoma and continued high survival for children in the Netherlands:

a population-based study during 1990-2015. Br. J. Haematol. 189, 1093-1106

(2020).

. Brockelmann, P. J. et al. Relapse after early-stage, favorable Hodgkin lymphoma:
disease characteristics and outcomes with conventional or high-dose che-
motherapy. J. Clin. Oncol. 39, 107-115 (2021).

. Viviani, S. et al. ABVD versus BEACOPP for Hodgkin's lymphoma when high-dose
salvage is planned. N. Engl. J. Med. 365, 203-212 (2011).

6. Nieto, Y. et al. Improved outcomes of high-risk relapsed Hodgkin lymphoma

patients after high-dose chemotherapy: a 15-year analysis. Haematologica. 107,

899-908 (2022).

N

w

N

wv

Signal Transduction and Targeted Therapy (2023)8:356



7. Brockelmann, P. J. et al. Risk factors and a prognostic score for survival after
autologous stem-cell transplantation for relapsed or refractory Hodgkin lym-
phoma. Ann. Oncol. 28, 1352-1358 (2017).

8. Shah, G. L. & Moskowitz, C. H. Transplant strategies in relapsed/refractory
Hodgkin lymphoma. Blood 131, 1689-1697 (2018).

9. Chen, R. et al. Five-year survival and durability results of brentuximab vedotin in
patients with relapsed or refractory Hodgkin lymphoma. Blood 128, 1562-1566
(2016).

10. Armand, P. et al. Nivolumab for relapsed/refractory classic Hodgkin lymphoma
after failure of autologous hematopoietic cell transplantation: extended follow-
up of the multicohort single-arm phase Il checkmate 205 trial. J. Clin. Oncol. 36,
1428-1439 (2018).

11. Chen, R. et al. Pembrolizumab in relapsed or refractory Hodgkin lymphoma:
2-year follow-up of KEYNOTE-087. Blood. 134, 1144-1153 (2019).

12. Kuruvilla, J. et al. Pembrolizumab versus brentuximab vedotin in relapsed or
refractory classical Hodgkin lymphoma (KEYNOTE-204): an interim analysis of a
multicentre, randomised, open-label, phase 3 study. Lancet Oncol. 22, 512-524
(2021).

13. Song, Y. et al. A Single-arm, multicenter, phase Il study of camrelizumab in
relapsed or refractory classical Hodgkin lymphoma. Clin. Cancer Res. 25,
7363-7369 (2019).

14. Song, Y. et al. Penpulimab for relapsed or refractory classical Hodgkin lymphoma:
a multicenter, single-arm, pivotal phase I/l trial (AK105-201). Front. Oncol. 12,
925236 (2022).

15. Lin, N. et al. Efficacy and safety of GLS-010 (zimberelimab) in patients with
relapsed or refractory classical Hodgkin lymphoma: a multicenter, single-arm,
phase Il study. Eur. J. Cancer 164, 117-126 (2022).

16. Wu, J. et al. Camrelizumab for relapsed or refractory classical Hodgkin lymphoma:
extended follow-up of the multicenter, single-arm, phase 2 study. Int. J. Cancer
150, 984-992 (2022).

17. Song, Y. et al. Tislelizumab for relapsed/refractory classical Hodgkin lymphoma:
3-year follow-up and correlative biomarker analysis. Clin. Cancer Res. 28,
1147-1156 (2022).

Signal Transduction and Targeted Therapy (2023)8:356

Long-term survival benefit of anti-PD-1 therapy in patients with relapsed...
Liu et al.

18. Momotow, J. et al. Outcomes of anti-programmed death 1 treatment for
relapsed/refractory Hodgkin lymphoma: a German Hodgkin study group multi-
centre real-world analysis. Br. J. Haematol. 198, 401-404 (2022).

19. Advani, R. H. et al. Brentuximab vedotin in combination with nivolumab in
relapsed or refractory Hodgkin lymphoma: 3-year study results. Blood 138,
427-438 (2021).

20. Ansell, S. M. et al. Nivolumab for relapsed or refractory (R/R) classical Hodgkin
lymphoma (CHL) after autologous transplantation: 5-year overall survival from
the phase 2 checkmate 205 study. Hematol. Oncol. 39, 174 (2021).

21. Manson, G. et al. Can nivolumab alone cure patients with relapse or refractory
Hodgkin lymphoma? A 5-year analysis of the French early access program (EPA).
Br. J. Haematol. 198, 203-206 (2022).

22. Song, Y. et al. Treatment of relapsed or refractory classical Hodgkin lymphoma
with the anti-PD-1, tislelizumab: results of a phase 2, single-arm, multicenter
study. Leukemia 34, 533-542 (2020).

23. Cheson, B. D. et al. Recommendations for initial evaluation, staging, and response
assessment of Hodgkin and non-Hodgkin lymphoma: the lugano classification.
J. Clin. Oncol. 32, 3059-3068 (2014).

Open Access This article is licensed under a Creative Commons

[ Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

SPRINGER NATURE


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Long-term survival benefit of anti-PD-1 therapy in patients with relapsed or refractory classical Hodgkin lymphoma
	Introduction
	Results
	Discussion
	Materials and methods
	Data sources
	Statistics

	Acknowledgements
	Acknowledgements
	Author contributions
	ADDITIONAL INFORMATION
	References




