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Abstract
Background This study aimed to assess the efficacy and safety of geptanolimab (GB226), a fully humanized, recombinant 
anti-programmed cell death-1 monoclonal antibody, in Chinese patients with refractory or relapsed (r/r) primary mediastinal 
large B-cell lymphoma (PMBCL).
Methods This was a multicenter, open-label, single-arm phase II study (Gxplore-003), conducted at 43 hospitals in China 
(NCT03639181). Patients received geptanolimab intravenously at a dose of 3 mg/kg every 2 weeks until documented con-
firmed disease progression, intolerable toxicity, or any other cessation criteria was met. The primary endpoint was objective 
response rate (ORR) in the full analysis set assessed by the independent review committee (IRC) according to the Lugano 
Classification 2014.
Results This study was prematurely terminated due to the slow rate of patient accrual. Between Oct 15th, 2018 and Oct 7th, 
2020, 25 patients were enrolled and treated. By the data cutoff date on Dec 23rd, 2020, the IRC-assessed ORR was 68.0% 
(17/25; 95% confidence interval [CI] 46.5–85.1%), with the complete response rate of 24%. The disease control rate was 88% 
(22/25; 95%CI 68.8–97.5%). Median duration of response was not reached (NR) (95%CI, 5.62 months to NR), with 79.5% of 
patients having response durations of more than 12 months. Median progression-free survival was NR (95%CI, 6.83 months 
to NR). Treatment-related adverse events (TRAEs) were reported in 20 of 25 (80.0%) patients, and grade 3 or higher TRAEs 
occurred in 11 of 25 (44%) patients. No treatment-related deaths occurred. The immune-related adverse events (irAEs) of 
any grade were observed in 6 (24.0%) patients, and no grade 4 or grade 5 irAEs were reported.
Conclusion Geptanolimab (GB226) demonstrated promising efficacy and a manageable safety profile in Chinese patients 
with r/r PMBCL.
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Introduction

Primary mediastinal large B-cell lymphoma (PMBCL) rep-
resents a relatively rare and distinct subtype of large B-cell 
lymphoma, accounting for only 2–3% of all non-Hodgkin 
lymphomas (1). Clinically, PMBCL usually occurs in ado-
lescents and young adults, with a female preponderance, and 
typically presents with a bulky, anterior mediastinal mass. 
Molecularly, PMBCL is truly distinct from diffuse large 

B-cell lymphoma, and shares substantial similarity with 
classic Hodgkin lymphoma (cHL) (2, 3).

Generally, initial treatment of PMBCL includes rituximab 
and an anthracycline-containing chemotherapy regimen, 
with cure rates of 85–90% across studies (4–7). Despite 
the favorable outcomes to frontline immunochemotherapy, 
10–30% of PMBCL patients have refractory or relapsed 
(r/r) disease (8, 9). Clinical outcomes for patients with r/r 
PMBCL are dismal, with the objective response rate (ORR) 
to salvage chemotherapy of 25% and estimated overall 
survival (OS) probability at 2 years after diagnosis of r/r 
disease of only 15% (10). Previous retrospective studies 
have provided evidence that autologous stem cell transplant Extended author information available on the last page of the article
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(ASCT) after high-dose chemotherapy may bring survival 
benefit for r/r PMBCL, especially for those with chemo-sen-
sitive disease (11, 12). However, chemo-refractory relapse 
to second-line therapy was associated with inferior OS and 
progression-free survival (PFS) compared with chemo-sen-
sitive relapse (12). Like cHL, PMBCL usually expresses 
CD30, albeit with heterogeneous levels (13). Unexpect-
edly, a phase 2 clincial trial demonstrated that brentuximab 
vedotin, an anti-CD30 antibody drug conjugate, yielded 
poor antitumor activity in r/r PMBCL, with an ORR of only 
13.3% (14). Chimeric antigen receptor (CAR) T-cell thera-
pies have demonstrated durable responses in r/r large B-cell 
lymphoma including PMBCL after failure of at least two 
lines of therapy (15–18). However, this therapeutic approach 
harbors a distinct toxicity profile, which limits its eligibility 
for many patients. Meanwhile, CAR T-cell therapy had not 
been approved by China National Medical Products Admin-
istration (NMPA) at the time of patient enrollment in this 
study. Thus, there is an unmet medical need to explore more 
effective therapeutic strategies or novel agents for patients 
with r/r PMBCL.

Genetic alterations in programmed death ligand (PD-L) 
locus at 9p24.1, also frequently observed in PMBCL, lead 
to increased expression of PD-L1/PD-L2, thus potentially 
rendering PMBCL sensitive to anti-programmed cell death-1 
(PD-1) therapy (19, 20). The phase IB KEYNOTE-013 and 
phase II KEYNOTE-170 study demonstrated promising 
efficacy and a manageable safety profile of pembrolizumab 
in patients with r/r PMBCL (21, 22). Despite this, more 
evidence on the use of anti-PD-1 treatment for r/r PMBCL 
patients is warranted, especially for Chinese r/r PMBCL 
patients.

Geptanolimab (GB226, Genor Biopharma Co., Ltd, 
Shanghai, China) is a fully humanized, recombinant anti-
PD-1 monoclonal antibody. The dose of 3 mg/kg every 
2 weeks was determined as the recommended dose on the 
basis of findings from its phase 1 study in lymphoma and 
advanced solid tumors (data unpublished). We conducted 
this phase II study to evaluate the clinical efficacy and safety 
of geptanolimab in Chinese patients with r/r PMBCL. This 
study was prematurely terminated due to the slow rate of 
patient accrual. We herein report the final results of this 
study.

Methods

Study design and patients

Gxplore-003 (ClinicalTrials.gov identifier, NCT03639181) 
was a multicenter, open-label, single-arm phase II study of 
geptanolimab in r/r PMBCL conducted at 43 hospitals in 
China (Supplementary Table S1). Patients aged 18 years 

or older with a histologically confirmed diagnosis of r/r 
PMBCL were eligible. Relapsed disease was defined as the 
occurrence of a relapse after complete response (CR) or 
partial response (PR) with the most recent prior systemic 
therapy, and refractory disease was defined as the failure 
to achieve CR or PR with the most recent prior systemic 
therapy. Patients were required to experience r/r disease 
after ASCT or be ineligible for ASCT. Patients ineligible 
for ASCT had to have r/r disease after two or more prior 
lines of chemotherapy. Other key eligibility criteria included 
Eastern Cooperative Oncology Group (ECOG) performance 
status (PS) of 0 or 1, measurable disease (defined as at least 
one bidimensional measurable lesion assessed by computed 
tomography (CT) according to the Lugano Classification 
2014) (23), adequate organ functions (hematological, renal, 
hepatic, and thyroid function), and a life expectancy of at 
least 3 months.

Exclusion criteria included an additional acute malig-
nancy (other than cured in-situ cervical cancer, basal cell 
carcinoma or squamous cell carcinoma of the skin) in the 
past 5 years; confirmed central nervous system involvement; 
prior chemotherapy or targeted therapy within 2 weeks, or 
prior radical radiotherapy within 4 weeks before the first 
dose of geptanolimab; prior ASCT in the past 2 months or 
prior allogeneic stem cell transplantation in the past 5 years; 
systemic treatment with corticosteroids (> 10 mg daily pred-
nisone equivalents) within 2 weeks before the first geptanoli-
mab administration; active autoimmune disease; and prior 
therapy targeting checkpoint pathways or T-cell costimula-
tion. Full eligibility and exclusion criteria are provided by 
the study protocol, which is available in the Supplementary 
Materials.

This study was conducted in accordance with the Dec-
laration of Helsinki and International Council for Harmo-
nisation guidelines for Good Clinical Practice. The study 
protocol, amendments, and patient informed consent were 
approved by the independent ethics committee at each par-
ticipating hospital. Written informed consent was obtained 
from all patients before screening.

Treatment and assessments

All patients received geptanolimab intravenously at 3 mg/kg 
every 2 weeks until documented confirmed disease progres-
sion, intolerable toxicity, patient withdrawal, start of other 
anti-tumor therapy, loss to follow-up or death, investiga-
tor decision, or the end of study (defined as a maximum 
treatment duration of two years for the last patient, consent 
withdrawal, premature termination of the study, loss to 
follow-up or death, whichever occurs first). Continuation 
of treatment with geptanolimab beyond the first occurrence 
of disease progression was allowed if there was evidence 
of clinical benefit from the treatment at the discretion of 



2993Cancer Immunology, Immunotherapy (2023) 72:2991–3002 

1 3

the investigator. No dose modification of geptanolimab was 
allowed, while dose interruption was permitted. Dose inter-
ruption lasting more than 4 weeks led to permanent discon-
tinuation from the treatment.

At baseline, tumor assessments were performed by posi-
tron emission tomography (PET)/computed tomography 
(CT) and contrast-enhanced CT or magnetic resonance 
imaging (MRI) of neck, chest, abdomen and pelvis. Tumor 
response was assessed by CT or MRI every 6 weeks in the 
first year, and thereafter every 12 weeks until disease pro-
gression, start of new anti-tumor therapy, loss to follow-up 
or death. PET/CT was required to be repeated at week 13 
and week 19 for response assessment, and could be per-
formed at other time points to confirm tumor response with 
the consent of the sponsor. Responses were assessed by both 
the independent review committee (IRC) and the investigator 
per the Lugano Classification 2014 (23).

Safety assessments were conducted from the start of treat-
ment until 30 and 90 days (if no new anti-tumor therapy 
started) after the final geptanolimab administration, or until 
the time that subsequent new anti-tumor therapy started 
(whichever occurs first). Adverse events (AEs) were graded 
on the basis of National Cancer Institute Common Terminol-
ogy Criteria for Adverse Events, version 5.0. Additionally, 
immune-related adverse events (irAEs) were recognized, 
diagnosed and managed according to the American Society 
of Clinical Oncology Clinical Practice Guideline for Man-
agement of Immune-Related Adverse Events in Patients 
Treated with Immune Checkpoint Inhibitor Therapy (24).

Endpoints

The primary endpoint was ORR (defined as the percentage 
of patients with a best response of CR or PR) assessed by the 
IRC. Responses of CR or PR were required to be confirmed 
by repeat assessment 4 weeks after the response was first 
achieved.

Key second endpoints included duration of response 
(DoR), time to response (TTR), disease control rate (DCR), 
PFS, OS and safety. DoR was defined as the time from the 
first documented objective response to the date of first docu-
mented progressive disease (PD) or to death from any cause. 
TTR was defined as the time from first dose of geptanolimab 
to the first documentation of objective response. DCR was 
defined as the percentage of patients with a best response of 
CR, PR or stable disease (SD). PFS was defined as the time 
from the first dose to the first documented PD or to death 
from any cause. OS was defined as the time from the first 
dose to death from any cause, or last follow-up. Safety end-
points included treatment-emergent adverse event (TEAE), 
treatment-related adverse event (TRAE), serious adverse 
event (SAE), and specific laboratory abnormalities.

Statistical analysis

With the sample size of 42 patients, the study design yielded 
a statistical power of > 80% (one-sided 2.5% alpha) to detect 
that the lower limit of 95% confidence interval (CI) of ORR 
was > 25%, and the ORR was assumed to be 45% with the 
95%CI of 29.6–61.1% for geptanolimab in r/r PMBCL. 
Allowing for a dropout rate of 20%, a total of 53 patients 
were planned to be enrolled.

Efficacy were assessed in the full analysis set (FAS), 
which was defined as all patients who received at least one 
dose of geptanolimab. Safety analyses was done in the safety 
set (SS), which was defined as all patients who received at 
least one dose of geptanolimab and had at least one safety 
assessment. Descriptive statistics were used to summarize 
baseline characteristics and safety data. The ORR and DCR 
were reported, and associated CIs were calculated using 
the Clopper-Pearson method. For time-to-event data (DoR, 
TTR, PFS and OS), Kaplan–Meier methods were used to 
estimate median values and corresponding 95%CIs. All 
analyses were performed using SAS statistical software, 
version 9.4. This study is registered with the ClinicalTrials.
gov, NCT03639181.

34 patients assessed for eligibility

25 assigned to geptanolimab treatment

9 patients excluded
    8 not meeting inclusion criterial
    1 due to other reasons

10 patients discontinued treatment   
5 disease progression

     2 intolerable adverse events
     2 patients required termination due to
their own willingness

1 death

15 patients still receiving geptanolimab treatemnt

25 patients included in the FAS for efficacy analysis
 (both IRC and investigator assessment)  and

safety analysis 

Fig. 1  CONSORT Diagram. CONSORT, consolidated standards of 
reporting trials. FAS, full analysis set; IRC, independent review com-
mittee
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Results

Patient characteristics

A total of 34 patients were screened between Oct 15th, 
2018 and Oct 7th, 2020, and 9 patients were ineligible 
(Fig. 1). As a result, 25 patients were enrolled in this 
study and assigned to receive geptanolimab. By the data 
cutoff date on Dec 23rd, 2020, 15 of 25 (60%) patients 
remained on treatment. The reason for discontinuation 
included disease progression (n = 5), intolerable AEs 
(n = 2), patient requirement (n = 2) and death (n = 1). 
All 25 patients were included in FAS for efficacy and in 
the SS for safety analyses. As of the data cutoff date, the 
median duration of exposure to geptanolimab was 11.14 
(range, 0.89 to 24.38) months.

The median age of all patients was 32 (range, 19–70) 
years, and 15 out of 25 (60%) patients had Ann Arbor 
stage III-IV disease. The median number of prior lines of 
therapy was 2 (range, 2–4), and 9 of 25 (36.0%) received 
more than 2 previous lines of therapy. Out of 25 patients, 
10 (40%) received prior radiotherapy, 24 (95%) received 
prior rituximab, and 2 (8%) underwent prior ASCT. Over-
all, 13 of 25 (52.0%) patients had relapsed disease, and 
12 of 25 (48%) had refractory disease. Detailed patient 
baseline characteristics are presented in Table 1.

Efficacy

IRC‑assessed efficacy

As of Dec 23rd, 2020, the median follow-up was 16.16 
(range, 0.7–23.9) months. The ORR was 68.0% (17/25; 
95%CI 46.5–85.1%), with the CR rate of 24% (6/25) and 
the PR rate of 44.0% (11/25) (Table 2). The DCR was 
88.0% (22/25; 95%CI 68.8–97.5%). Of 25 patients, 20 
patients (80%) had a reduction from baseline in tumor 
burden (Fig. 2A). Two patients changed from PR to CR 
after one year from the first geptanolimab administra-
tion (Fig. 2B), and the IRC-assessed percentage change 
of tumor size from baseline at different time points was 
shown in Fig. 2C. Five of six patients who achieved CR 
remained on treatment with geptanolimab and remained 
in remission at the time of data cutoff, while one patient 
with CR experienced subsequent disease progression.

The median TTR was 2.60 (95%CI 1.38–2.89) months. 
Among the 17 responders, the median DoR was not 
reached (NR) (95%CI, 5.62 months to NR), with 79.5% 
of patients having response durations of > 12  months 
(Fig.  3A). Overall, median PFS was NR (95%CI, 
6.83 months to NR), and 8 of 25 (28%) patients had a PFS 

Table 1  Patient baseline characteristics in the FAS (N = 25)

Characteristics n (%)

Age, years
Median (range) 32 (19–70)
 < 40 17 (68.0)
40–60 6 (24.0)
 > 60 2 (8.0)
Gender
Male 8 (32.0)
Female 17 (68.0)
Lactate dehydrogenase
 < 2 × ULN 18 (72.0)
 ≥ 2 × ULN 6 (24.0)
Missing 1 (4.0)
ECOG PS
0 12 (48.0)
1 13 (52.0)
Ann Arbor stage
I 1 (4.0)
II 8 (32.0)
III 2 (8.0)
IV 13 (52.0)
Missing 1 (4.0)
Disease status
Relapsed* 13 (52.0)
Refractory† 12 (48.0)
Prior surgery
Yes 2 (8.0)
No 23 (92.0)
Prior radiotherapy
Yes 10 (40.0)
No 15 (60.0)
Prior rituximab
Yes 24 (96.0)
No 1 (4.0)
Prior lines of therapy
2 16 (64.0)
 > 2 9 (36.0)
Response to the most recent prior systemic therapy
CR 1 (4.0)
PR 5 (20.0)
SD 6 (24.0)
PD 9 (36.0)
UE 4 (16.0)
Time from completion of the last prior systemic therapy to 

geptanolimab treatment (months)
Median (range) 1.94 (0.59–35.32)
 < 3 16 (64.0)
3–6 5 (20.0)
 > 6 4 (16.0)
Prior ASCT
Yes 2 (8.0)
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event (PD, n = 7; death, n = 1). The 12-month PFS rate 
was 66.2% (95%CI, 40.9–82.7%) (Fig. 3B). By the data 
cutoff date, five out of 25 patients had died. Median OS 
was NR (95%CI, 22.47 months to NR), and the 12-month 
OS rate was 82.1% (95%CI, 58.7–93.0%).

Subgroup analyses showed similar ORR and DCR 
stratified by age, ECOG PS, number of previous lines of 

systemic therapy, disease status, disease stage, history of 
ASCT, lactate dehydrogenase level, and best response to 
the most recent systemic therapy (Fig. 4 and Supplemen-
tary Table S2).

Investigator‑assessed efficacy

The ORR assessed by investigator was 60.0% (15/25; 
95%CI 38.6–78.87%), with 6 (24%) patients achieving CR. 
Consistent with that assessed by the IRC, the investigator-
assessed DCR was 88.0% (22/25; 95%CI 68.8–97.5%). 
As of the data cutoff date, the median DoR was NR 
(95%CI, 8.28 months to NR), and median PFS was also 
NR (95%CI, 6.83 months to NR).

Safety

Among 25 patients in the SS, 23 (92.0%) patients experi-
enced at least one TEAE, and serious TEAEs occurred in 
8 (32.0%) patients. TRAEs were reported in 20 (80.0%) 
patients. Serious TRAEs were observed in 6 (24%) patients, 
including abnormal liver function (n = 2, 8%), infectious 
pneumonia (n = 1, 4%), bronchitis (n = 1, 4%), interstitial 
lung disease (n = 1, 4%) and immune mediated lung disease 
(n = 1, 4%). Dose interruption occurred in 9 of 25 (36%) 
patients. In 3 of 25 (12%) patients, geptanolimab was per-
manently discontinued due to TEAEs. One patient died as a 
result of TEAEs (sudden cardiac death), which was judged 
not related to geptanolimab treatment by investigator. The 
overview of AEs is shown in Supplementary Table S3.

According to investigator, the most common laboratory 
TRAEs (incidence ≥ 10%) included white blood cell count 
decreased (n = 13, 52.0%), neutrophil count decreased 
(n = 11, 44.0%), lymphocyte count decreased (n = 7, 28%), 
thyroid stimulating hormone elevated (n = 6, 24%), alanine 
aminotransferase elevated (n = 4, 16%), aspartate ami-
notransferase elevated (n = 4, 16%), alkaline phosphatase 
elevated (n = 4, 16%), γ-glutamyltransferase elevated (n = 3, 
12%) and lactate dehydrogenase elevated (n = 3, 12%). The 
most common non-laboratory TRAEs (incidence ≥ 10%) 
were weight gain (n = 4, 16%), urinary tract infection (n = 3, 
12%), upper respiratory tract infection (n = 3, 12%), hyper-
triglyceridemia (n = 3, 12%), abnormal liver function (n = 3, 
12%), and anemia (n = 3, 12%). Grade 3 or higher TRAEs 
occurred in 11 of 25 (44%) patients. The most common labo-
ratory TRAEs of ≥ grade 3 included white blood cell count 
decreased (5/25, 20.0%), neutrophil count decreased (4/25, 
16.0%), and lymphocyte count decreased (4/25, 16.0%). The 
detailed TRAEs are summarized in Table 3.

The irAEs of any grade were observed in six (24.0%) 
patients, with two (8.0%) patients having grade 1, one (4%) 
having grade 2 and three (12%) having grade 3 (Supple-
mentary Table S4). The grade 3 irAEs included interstitial 

Table 1  (continued)

Characteristics n (%)

No 23 (92.0)
Best response to prior ASCT
CR 0 (0.0)
PR 1 (4.0)
SD 0 (0.0)
PD 1 (4.0)

ULN upper limit of normal; ECOG Eastern Cooperative Oncology 
Group; PS performance status; CR complete response; PR partial 
response; SD stable disease; PD progressive disease; UE unevaluable; 
ASCT autologous cell stem transplantation; FAS full analysis set
* Relapsed disease was defined as the  occurrence of disease relapse 
after CR or PR with the most recent prior systemic therapy
† Refractory disease was defined as no CR or PR with the most recent 
prior systemic therapy

Table 2  Efficacy of geptanolimab in the FAS

FAS full analysis set; IRC independent review committee; ORR objec-
tive response rate; DCR disease control rate; CI confidence interval; 
CR complete response; PR partial response; SD stable disease; PD 
progressive disease; DoR duration of response; TTR  time to response; 
PFS progression-free survival; OS overall survival; NR not reached; 
NA not available

IRC-assessed Investigator-assessed

No. of patients 25 25
ORR, No. (%) 17 (68.0) 15 (60.0)
95%CI 46.5–85.1 38.6–78.9
DCR, No. (%) 22 (88.0) 22 (88.0)
95%CI 68.8–97.5 68.8–97.5
Best objective response
CR, No. (%) 6 (24.0) 6 (24.0)
PR, No. (%) 11 (44.0) 9 (36.0)
SD, No. (%) 5 (20.0) 7 (28.0)
PD, No. (%) 3 (12.0) 3 (12.0)
Median DoR, months 

(95%CI)
NR (5.62 to NR) NR (8.28 to NR)

Median TTR, months 
(95%CI)

2.60 (1.38–2.89) NA

Median PFS, months 
(95%CI)

NR (6.83 to NR) NR (6.83 to NR)

Median OS, months 
(95%CI)

NR (22.4 to NR) NA
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Fig. 2  A Waterfall plot of 
best percentage change from 
baseline in SPD for the FAS 
assessed per the IRC (N = 25); 
B Duration of exposure to 
geptanolimab, time to response 
and duration of response for 
patients in the FAS assessed per 
the IRC (N = 25); C Spdier plot 
for IRC-assessed percentage 
change from baseline in SPD at 
different time points. In figure 
A and C, dotted line at − 50% 
represents PR at 50% reduction 
in SPD, and dotted line at 50% 
indicates PD at 50% increase in 
SPD as determined on the basis 
of Lugano Classification 2014. 
SPD sum of the product of the 
perpendicular diameters for 
multiple lesions; CR complete 
response; PR partial response; 
PD progressive disease; SD 
stable disease; IRC independ-
ent review committee; FAS full 
analysis set
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lung disease (n = 1, 4%), immune mediated lung disease 
(n = 1, 4%) and autoimmune hepatitis (n = 1, 4%). No patient 
occurred grade 4 or grade 5 irAEs.

Discussion

In this multicenter, phase II study, geptanolimab (GB226), 
a novel anti-PD-1 antibody, showed promising efficacy 
in Chinese patients with r/r PMBCL. The ORR assessed 
by the IRC was 68.0% (17/25; 95%CI 46.5–85.1%), with 
the CR rate of 24.0% (6/25), and the IRC-assessed DCR 
was 88.0% (22/25; 95%CI 68.8–97.5%). The ORR and 
DCR assessed by the investigator were comparable to those 
assessed by the IRC. Moreover, the responses were durable, 
and median DoR was NR as of the data cutoff date. The 
estimated 12-month PFS rate by the IRC assessment was 
66.2%, and the 12-month OS rate was 82.1%. Geptanolimab 
was well tolerated in this study, with a low proportion of 

patients experiencing AEs leading to treatment discontinu-
ation. To the best of our knowledge, this study was the first 
multicenter, phase II study to assess the clinical efficacy 
and safety of an anti-PD-1 monoclonal antibody in Chinese 
patients with r/r PMBCL.

Due to the rarity of PMBCL, there is a paucity of pro-
spective and in particular, randomized studies, resulting 
in no optimal therapeutic approach to r/r PMBCL. Like 
other aggressive B-cell lymphomas, salvage therapy fol-
lowed by consolidative ASCT is considered as the current 
standard of care for chemo-sensitive patients (25). Since 
conventional salvage immunochemotherapy exhibits unsat-
isfactory results, recent efforts have focused on elucidating 
new therapeutic targets and exploring novel therapies in 
patients with PMBCL. CAR T-cell therapy has emerged as 
a new promising therapeutic strategy for lymphoma includ-
ing PMBCL in recent years (26, 27). In the ZUMA-1 and 
TRANSCEND NHL001 studies, axicabtagene ciloleucel 
(axi-cel) and lisocabtagene maraleucel, respectively, were 

Fig. 3  A Kaplan–Meier esti-
mates of the DoR among the 
17 patients who had achieved a 
response assessed by the IRC; 
B Kaplan–Meier estimates 
of PFS assessed by the IRC. 
DoR duration of response; 
PFS progression-free survival; 
CI confidence interval; NR 
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review committee

A

B

Median PFS: NR (95%CI, 6.83 months to NR)

12-month PFS: 66.2% (95%CI, 40.9% to 82.7%) 

D
oR

 (p
ro

ba
bi

lit
y)

PF
S 

(p
ro

ba
bi

lit
y)

DOR (Months)

PFS (Months)

Median DoR: NR (95%CI, 5.62 months to NR)

12-month DoR: 79.5% (95%CI, 48.6% to 93.0%) 



2998 Cancer Immunology, Immunotherapy (2023) 72:2991–3002

1 3

studied in r/r aggressive large B-cell lymphomas after failure 
of two or more lines of systemic therapy, and both demon-
strated promising efficacy and manageable safety (15–17). 
These results led to US Food and Drug Administration 
(FDA) approval of axicabtagene ciloleucel (axi-cel) and 
lisocabtagene maraleucel on Oct 18th, 2017 and Feb 5th, 
2021, respectively, for the treatment of adult patients with r/r 
large B-cell lymphoma including PMBCL after two or more 
lines of systemic therapy. However, no CAR T-cell products 
were available until June 23rd, 2021 on which axicabtagene 
ciloleucel (axi-cel) was approved by China NMPA with the 
same indication as approved by US FDA.

PMBCL shares substantial clinical and biological fea-
tures with cHL, and is considered as an inflamed lymphoma 
subtype, harboring genetic alterations that facilitate immune 
escape (28). Chromosomal rearrangements involving PD-L 
locus (9p24.1) occur prominently in PMBCL, resulting in 
enhanced PD-L1 and PD-L2 expression (19, 20). Other com-
mon chromosomal alterations in PMBCL include translo-
cation involving the class II transactivator CIITA (29, 30). 
These aberrations have been established as genetic mecha-
nisms of immune escape in PMBCL. Additionally, like 
cHL, PMBCL also exhibits microsatellite instability, and 

an apolipoprotein B mRNA editing catalytic polypeptide-
like (APOBEC) signatures, which were associated with 
increased mutational load and neo-antigen generation, and 
might provide additional mechanisms of sensitivity to anti-
PD-1 therapy in PMBCL (31–33).

Previous studies have demonstrated that treatment with 
pembrolizumab yielded favorable clinical outcomes in r/r 
PMBCL. In the phase 1b KEYNOTE-013 study, pembroli-
zumab showed promising anti-tumor activity among 21 
patients with r/r PMBCL, with an ORR of 48% and CR rate 
of 33% (21, 22). The phase 2 KEYNOTE-170 study of pem-
brolizumab enrolling 53 patients with r/r PMBCL reported 
an ORR of 45% and a CR rate of 13% (21, 22). The esti-
mated 12-month PFS was 47% and 38% in KEYNOTE-013 
and KEYNOTE-170, respectively, and 12-month OS was 
65% in the KEYNOTE-013 and 58% in KEYNOTE-170. As 
a result, the US FDA approved pembrolizumab for the treat-
ment of patients with r/r PMBCL who have received two or 
more prior lines of therapy on June 13, 2018. In our study, 
geptanolimab demonstrated an IRC ORR of 60.0%, with a 
CR rate of 24%; the estimated 12-month PFS was 66.2%, 
and the 12-month OS rate was 82.1%. The results reported 
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with geptanolimab herein seemed to be numerically more 
favorable compared with that for pembrolizumab.

Notably, consistent with that observed in cHL, the benefit 
from anti-PD-1 monoclonal antibody was durable (34, 35) 
The median DoR remained NR after a median follow-up 
time of 29.1 months in KEYNOTE-013 and 12.5 months 
in KEYNOTE-170 study(21). No patient who achieved 
CR experienced relapse during follow-up in both studies 
of pembrolizumab. In our study, the median DoR was also 
NR with a median follow-up of 16.16 months, and 79.5% of 
patients had response durations of > 12 months. Five of six 
patients with CR remained in remission by the time of data 
cutoff. Besides, consistent benefit could be obtained across 
all subgroups. Taken together, though only small numbers 
of patients were enrolled in our study, geptanolimab demon-
strated promising clinical efficacy in Chinese patients with 
r/r PMBCL.

Generally, geptanolimab was well tolerated with manage-
able AEs. The safety profile in the current study is consistent 
with that reported in the previous reports on geptanolimab 
(36, 37), with no new safety signal detected. However, the 
overall incidence of AEs appeared to be higher in the cur-
rent study, probably due to the small sample size. In a phase 

2 study on geptanolimab in r/r peripheral T cell lymphoma 
(PTCL), hematologic disorders were also the most common 
TRAEs (white blood cell count decreased [20/102, 19.6%], 
and anemia [13/102, 12.7%]) (37). In contrast, in a phase II 
study of geptanolimab in alveolar soft part sarcoma (ASPS), 
rash (7/37, 18.9%) and increased blood thyroid stimulating 
hormone (7/37, 18.9%) were the most common TRAEs, 
with hematologic disorders being less frequent (white 
blood cell count decreased [5/37, 13.5%], and anemia [5/37, 
13.5%]) (36). Although increased blood thyroid stimulat-
ing hormone (6/25, 24%) was also common in the current 
study, rash was not observed. Additionally, the spectrum of 
TRAEs with geptanolimab was similar but somewhat not 
identical to that observed with other anti-PD-1 antibodies 
in PMBCL (21, 22, 38). The most common TRAEs of any 
grade and grade 3 or higher in our study were white blood 
cell count decreased, neutrophil count decreased, and lym-
phocyte count decreased. Gastrointestinal disorders, such 
as decreased appetite, diarrhea and nausea, which were fre-
quently observed with pembrolizumab, occurred at a low 
rate in our study (21). Moreover, infusion-related reactions, 
including pyrexia, which were frequently found in other 

Table 3  TRAEs in the SS

SS safety set; TRAEs treatment-related adverse events

TRAEs Geptanolimab (N = 25)

All grade, n (%) Grade 1, n (%) Grade 2, n (%)  ≥ Grade 3, n (%)

Any 20 (80.0) 5 (20.0) 4 (16.0) 11 (44.0)
White blood cell count decreased 13 (52.0) 3 (12.0) 2 (20.0) 5 (20.0)
Neutrophil count decreased 11 (44.0) 3 (12.0) 4 (16.0) 4 (16.0)
Lymphocyte count decreased 7 (28.0) 0 3 (12.0) 4 (16.0)
Thyroid stimulating hormone elevated 6 (24.0) 6 (24.0) 0 0
Alanine aminotransferase elevated 4 (16.0) 4 (16.0) 0 0
Weight gain 4 (16.0) 2 (8.0) 2 (8.0)
Aspartate aminotransferase elevated 4 (16.0) 4 (16.0) 0 0
Alkaline phosphatase elevated 4 (16.0) 4 (16.0) 0 0
γ-glutamyltransferase elevated 3 (12.0) 1 (4.0) 2 (8.0) 0
Lactate dehydrogenase elevated 3 (12.0) 2 (8.0) 1 (4.0) 0
Urinary tract infection 3 (12.0) 3 (12.0) 0
Upper respiratory tract infection 3 (12.0) 1 (4.0) 2 (8.0) 0
Infectious pneumonia 2 (8.0) 0 1 (4.0) 1 (4.0)
Bronchitis 1 (4.0) 0 1 (4.0)
Hypertriglyceridemia 3 (12.0) 2 (8.0) 1 (4.0)
Abnormal liver function 3 (12.0) 1 (4.0) 1 (4.0) 1 (4.0)
Autoimmune hepatitis 1 (4.0) 0 0 1 (4.0)
Pneumonitis 1 (4.0) 0 0 1 (4.0)
Interstitial lung disease 1 (4.0) 0 0 1 (4.0)
Hypotension 2 (8.0) 1 (4.0) 0 1 (4.0)
Anemia 3 (12.0) 1 (4.0) 0 2 (8.0)
Proteinuria 2 (8.0) 1 (4.0) 0 1 (4.0)
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anti-PD-1 monoclonal antibodies for patients with r/r cHL, 
were less common in our study (34, 39, 40).

Several limitations of this study need to be acknowledged. 
The major limitation of this study is that the sample size 
is small, since this study was prematurely terminated due 
to slow patient accrual. Given that the number of patients 
enrolled was less than originally planned, the statistical anal-
ysis of this study remained underpowered. Other limitations 
included that data on DoR, PFS and OS were immature as of 
the data cutoff date. Despite these limitations, the efficacy 
and safety of geptanolimab for Chinease patients with r/r 
PMBCL in this study are promising. Since current treat-
ment options for r/r PMBCL are limited, and it is difficult to 
conduct randomized studies specifically in this rare patient 
population, the results of this study contribute to supporting 
the use of PD-1 monoclonal antibodies for the treatment of 
r/r PMBCL.

Geptanolimab has demonstrated promising efficacy and 
manageable safety profiles for lymphoma and advanced solid 
tumors in its phase 1 study (Gxplore-001, NCT03374007) 
(data unpublished), as well as for r/r PTCL (Gxplore-002, 
NCT03502629) and unresectable, recurrent, or metastatic 
ASPS (Gxplore-005, NCT03623581) in two phase II studies 
(36, 37). Further phase II studies are underway to evalu-
ate the use of geptanolimab in solid tumors, including cer-
vical cancer (NCT03808857), non-small cell lung cancer 
(NCT03976856) and colorectal cancer (NCT03977090). In 
the future, more clinical trials will be conducted to investi-
gate the efficacy and safety of geptanolimab as monotherapy 
or in combination with other agents.

In conclusion, this study demonstrated that geptanolimab 
showed promising efficacy and a manageable safety profile 
in Chinese patients with r/r PMBCL. Further investigations 
are needed to confirm the clinical benefit of geptanolimab 
in the management of patients with r/r PMBCL.
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