Drug Design, Development and Therapy Dlovepress
Taylor & Francis Group

ORIGINAL RESEARCH

Camrelizumab Combined with Gemcitabine and
Albumin-Bound Paclitaxel in Pancreatic Cancer
Patients with Liver Metastases: A Prospective,
Pilot Trial

Jiandong Zhang'*, Kai Zhao'*, Weihang Zhou', Guixing Jiang', Ying Ding?, Yizhuo Zhang®',
Xinyu Dong', Defei Hong', Xiaolong Liu'
'Department of General Surgery, Sir Run Run Shaw Hospital, Zhejiang University School of Medicine, Hangzhou, People’s Republic of China;

2Department of Intensive Care Unit, Sir Run Run Shaw Hospital Qiantang Campus, Zhejiang University School of Medicine, Hangzhou, People’s
Republic of China

*These authors contributed equally to this work
Correspondence: Xiaolong Liu; Defei Hong, Department of General Surgery, Sir Run Run Shaw Hospital, Zhejiang University School of Medicine,

No. 3 Qingchun East Road, Shangcheng District, Hangzhou, 310020, People’s Republic of China, Tel +86-13588457667, Email liuxiaolong@zju.edu.cn;
hongdefi@|63.com

Background: Pancreatic ductal adenocarcinoma (PDAC) is one of the most malignant tumors, with approximately 80% of PDAC
patients having locally advanced or metastatic disease at diagnosis. The liver is a predominant site of metastasis and is linked to
a particularly poor prognosis. Here, we explored camrelizumab (an anti-programmed cell death-1 antibody) combined with albumin-
bound paclitaxel and gemcitabine (AG) in patients with PDAC and liver metastases (PCLM).

Methods: In this pilot trial (ChiCTR2000038587), patients received camrelizumab (200 mg on day 1) plus gemcitabine (1000 mg/m?
on days 1 and 8) and albumin-bound paclitaxel (125 mg/m? on days 1 and 8) every 21-day cycle until disease progression, intolerable
toxicity, or death. The primary endpoint was overall survival (OS). Secondary endpoints included progression-free survival (PFS),
objective response rate (ORR), disease control rate (DCR), and safety. Exploratory analyses evaluated potential biomarkers associated
with survival.

Results: From October 2018 to October 2023, 17 patients were enrolled. The median OS was 14.0 months (95% confidence interval
[CI], 10.0-24.0) and the median PFS was 6.4 months (95% CI, 5.2-10.2). Five patients achieved an objective response (29.4%), with
a DCR of 64.7%. Fewer liver metastasis lesions, higher white blood cell-to-lymphocyte ratio, and lower neutrophil-to-lymphocyte
ratio were associated with improved PFS and OS (P<0.05). Grade 3 treatment-related adverse events (TRAEs) included platelet count
decreased (2 [11.8%]) and neutrophil count decreased (1 [5.9%]). No grade 4 or 5 TRAEs occurred.

Conclusion: Camrelizumab combined with AG demonstrates promising antitumor activity in patients with PCLM, with an acceptable
safety profile.
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) is an aggressive and lethal malignancy, which is the fourth leading cause of
cancer-related death in 2021 and is projected to be second by 2030." It is associated with a poor 5-year survival rate of
9% in China® and 13.3% in Western countries.* The lethality of PDAC is centered on several factors, including its
asymptomatic presentation at the early stages, compounded by the paucity of diagnostic biomarkers, and the difficult-to-
access anatomical location of the pancreas prevents routine office-based screening.” Approximately 80% of patients with

PDAC are diagnosed with locally advanced or metastatic disease at the onset.® Metastatic spread commonly occurs to the
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liver and is the primary cause of death for patients with PDAC. At diagnosis,” more than half of patients have liver
metastasis, and around 70% of the patients whose primary tumor is removed relapse with liver metastasis within 2 years
of surgery.® The current first-line treatment options for metastatic PDAC, including PDAC patients with liver metastases
(PCLM), included FOLFIRINOX (calcium folinate, fluorouracil, irinotecan, and oxaliplatin) and gemcitabine-based
combinations, such as gemcitabine plus albumin-bound paclitaxel (AG).””'" Nevertheless, their efficacy was very
limited, with reported median OS of approximately 11.1 months for FOLFIRINOX and 6.8 months for gemcitabine
plus albumin-bound paclitaxel.”'® Therefore, there remains an urgent need for more effective regimens in PCLM.
Although immune checkpoint inhibitors (ICIs) have demonstrated significant efficacy in multiple solid tumor types,
PDAC has long been considered a malignancy that is recalcitrant to immunotherapy.'? This resistance might be attributed
to the heterogeneity of the PDAC tumour microenvironment (TME), characterized in part by the presence of cancer-
associated fibroblast (CAF) that may have an immunosuppressive effect.'® Consequently, the effectiveness of ICIs as
single-agent therapy in metastatic PDAC remains limited.'*'> Preclinical evidence has suggested that certain chemother-
apeutic agents, such as nab-paclitaxel, can attenuate the immunosuppressive effects of CAFs and the surrounding
desmoplastic stroma.'®!'” This has fueled interest in combining chemotherapy with immunotherapy for PDAC. Early
clinical findings are encouraging. A phase Ib/II study indicated that pembrolizumab plus AG as a first-line treatment for
patients with metastatic PDAC was safe and tolerable.'® Similarly, the larger randomized CCTG PA.7 Phase II trial
evaluated the addition of durvalumab (anti—programmed cell death-1 [PD-1]) and tremelimumab (anti-CTLA-4) to AG,
showing no significant benefit in the overall population but revealing potential survival advantages in patients with KRAS
wildtype tumors.'® Despite these signals of activity, the number of clinical studies exploring ICI-chemotherapy
combinations in PDAC remains limited, and evidence in the subset of patients with PCLM is particularly scarce.

2022 and its

Camrelizumab is a humanized anti-PD-1 antibody approved in China for multiple malignancies,
combination with chemotherapy has shown promising efficacy in several solid tumors, such as biliary tract cancer™
and non—small cell lung cancer.** However, its combination with chemotherapy has not yet been investigated in patients
with PCLM. Therefore, we conducted this pilot trial to evaluate the efficacy and safety of camrelizumab plus AG in

patients with PCLM.

Methods
Study Design and Patients

This prospective, single-arm, single-center pilot study was conducted at Sir Run Run Shaw Hospital in China. Eligible
patients were aged >18 years, had pathologically (obtained by puncture or exploratory biopsy) confirmed PCLM, no
previous systematic treatment, at least one measurable disease per the Response Evaluation Criteria in Solid Tumors
version 1.1 (RECIST vl.1), a Child-Pugh liver function score of A or B, an Eastern Cooperative Oncology Group
(ECOG) performance status of 0-2, and a life expectancy of >3 months. Patients were excluded if they had metastases to
organs other than the liver or if they had non-ductal adenocarcinoma histology.

The study was approved by the ethics committee of Sir Run Run Shaw Hospital, and written informed consent was
obtained from all participants. This study is registered at ChiCTR.org.cn (ChiCTR2000038587).

Procedures

All patients (within 3 days after diagnosis) received camrelizumab (200 mg on day 1) plus gemcitabine (1000 mg/m?* on
days 1 and 8) and albumin-bound paclitaxel (125 mg/m? on days 1 and 8) in a 21-day cycle, until disease progression,
unacceptable toxicity, or death. Dose modifications of chemotherapy were permitted for adverse events (AEs).

Tumor assessments were performed using computed tomography (CT) every 3 cycles per the investigators, according
to the RECIST vl.1. Safety was evaluated based on AEs and laboratory abnormalities. AEs were assessed according to
the National Cancer Institute Common Terminology Criteria for Adverse Events, version 4.0, and European Society for
Medical Oncology (ESMO) Clinical Practice Guidelines on the management of toxicities from immunotherapy.''

Additionally, peripheral blood data of white blood cell-to-lymphocyte ratio (WLR), neutrophil-to-lymphocyte ratio
(NLR), platelet-lymphocyte ratio (PLR), lymphocyte-monocyte ratio (LMR), and lactate dehydrogenase (LDH), as well
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as data of immunohistochemistry (IHC) and next-generation sequencing (NGS), were collected at baseline. Tumor
mutation burden (TMB) was estimated by counting the coding somatic mutations per megabase of the sequence
examined in each patient, and TMB-high was defined as >10 mut/Mb. The microsatellite instability (MSI) status was
inferred based on the MANTIS score. Programmed cell death-ligand 1 (PD-L1) expression was interpreted as a combined
positive score (CPS), which was defined as the number of PD-L1-positive cells divided by the total number of tumor
cells, and then multiplied by 100.

Endpoints

The primary endpoint was OS (defined as time from initial diagnosis until death from any cause). Second endpoints were
progression-free survival (PFS, defined as the time from diagnosis to disease progression or death due to any cause),
investigator-assessed objective response rate (ORR, defined as the proportion of patients with a complete response [CR] or
partial response [PR]), disease control rate (DCR, defined as the proportion of patients with CR or PR, or stable disease
[SD]), and safety. Exploratory endpoints encompassed the correlations between liver metastases (the number and size),
blood-based inflammatory indices (WLR, NLR, PLR, LMR, and LDH levels), or immune-related biomarkers (PD-L1
expression, TMB, MSI status) and survival.

Statistical Analysis
Baseline characteristics and safety were summarized by descriptive statistics. Results for the ORR and DCR were
expressed as frequencies and percentages, and the exact two-sided 95% confidence intervals (ClIs) were calculated by
using the Clopper-Pearson method. PFS and OS were estimated using the Kaplan-Meier method, with their 95% Cls
estimated using the Brookmeyer-Crowley method. The Log rank test and Cox proportional hazard model were used to
compare between groups. Univariate and multivariate regression analyses were used to estimate the relationship between
exploratory endpoints and survival.

All statistical analyses were performed using SPSS version 23.0 (IBM Corp., Armonk, NY, United States), SAS
version 9.4 (SAS Institute, Cary, NC, United States), and R version 3.3.0 (The R Foundation for Statistical Computing,

Vienna, Austria). Two-sided P<0.05 was considered statistically significant.

Results

Patient Characteristics

From October 2018 to October 2023, 53 patients with PCLM were assessed for eligibility. Of these patients, 36 were excluded,
including 23 who declined to receive treatment, 1 who received FOLFIRINOX, 6 who were treated with AG plus erlotinib
concurrently received targeted therapy (3 anlotinib, 2 fuzuloparib, and 1 apatinib), and 6 who received AG chemotherapy
alone without immunotherapy. Finally, a total of 17 patients who received camrelizumab plus AG were enrolled.

Baseline characteristics are summarized in Table 1. Seven (41.2%) patients were male, with a mean + SD age of 66.8+8.42.
The majority of patients had an ECOG performance status score of 1 (64.7%), Child-Pugh class A (82.4%), and stage cNO
(52.9%), with all patients having cM1 (100.0%). Nine patients had <3 metastatic liver lesions, and more than half (52.9%) had
liver metastases lesions of >19 mm.

Table | Baseline Characteristics

Characteristics Patients (n=17)
Age (years), mean+SD 66.8+8.42
Sex, n (%)
Male 7 (41.2)
Female 10 (58.8)
(Continued)
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Table | (Continued).

Characteristics Patients (n=17)

ECOG performance status, n (%)

0 I (5.9)

| Il (64.7)

2 5(294)
Child-Pugh class, n (%)

A 14 (82.4)

B 3(17.6)
T stage, n (%)

2 7 (41.2)

3 3(17.6)

4 7 (41.2)
N stage, n (%)

0 9 (52.9)

| 3(17.6)

2 5(294)
M stage, n (%)

| 17 (100.0)
Size of liver metastasis lesions (mm), n (%)

<19 8 (47.1)

>19 9 (52.9)
Number of liver metastasis lesions, n (%)

<3 9 (52.9)

>3 8 (47.1)

Abbreviations: SD, standard deviation; ECOG, Eastern Cooperative
Oncology Group.

Efficacy

As of data cutoff on August 30, 2023, the median duration of follow-up was 16.0 months (range, 5.1-33.0). Fifteen of 17

patients had died, and the median OS was 14.0 months (95% CI, 10.0-24.0). Two patients were still alive, with an estimated

OS of at least 33 months and 32.9 months, respectively. The median PFS was 6.4 months (95% CI, 5.2-10.2; Figure 1).
Regarding the overall response, 5 achieved PR, 6 had SD, and 4 were PD. The ORR and DCR were 29.4% (95% CI,

13.3-53.1) and 64.7% (95% CI, 41.3-82.7), respectively.

Safety

Treatment-related AEs (TRAEs) are summarized in Table 2. TRAEs of any grade occurred in 11 (64.7%) patients. The
most common TRAEs of any grade were liver dysfunction, represented by elevation of alanine aminotransferase or
aspartate aminotransferase (9 [52.9%]), platelet count decreased (8 [47.1%]), decreased white blood cell (8 [47.1%]), and
neutrophil count decreased (5 [29.4%]). Three patients experienced grade 3 TRAEsS, including platelet count decreased (2
[11.8%]) and neutrophil count decreased (1 [5.9%]). No grade 4 or 5 TRAEs occurred. One patient discontinued

camrelizumab due to grade 2 immune-related hepatitis.

Association Between Exploratory Endpoints and Survival

Patients with <3 liver metastasis lesions had significantly longer median OS (18.4 months [95% CI, 16.3-21.7] vs 9.3
month [95% CI, 7.0-15.2], P=0.004) and PFS (12.4 months [95% CI, 6.4-14.2] vs 4.0 month [95% CI, 3.1-7.5],
P=0.017) than those with >3 liver metastasis lesions. No significant differences in OS or PFS were observed when

stratified by the size of liver metastases (Figure 2).
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Patients with higher WLR and lower NLR had significantly longer OS and PFS (all P<0.05). A lower LDH level was
only associated with longer OS (P<0.05; Figure 3). No significant association was observed between PLR/LMR and

survival (all P>0.05).

Five (29.4%) of 17 patients had available IHC and NGS data. Of them, only 1 had PD-L1-positive (63 years, hepatic
oligometastases with vascular involvement), who achieved a PFS of 7 months and an OS of 17.5 months after receiving 9

Table 2 Treatment-Related Adverse Events

Event, n (%)

Patients (n=17)

Any Grade | Grade 3 | Grade 4
Liver dysfunction 9 (52.9) 0 0
Platelet count decreased 8 (47.1) 2(11.8) 0
White blood cell decreased | 8 (47.1) 0 0
Neutrophil count decreased | 5 (29.4) I (5.9) 0
Gastrointestinal reaction 3 (17.6) 0 0
Kidney dysfunction 3 (17.6) 0 0
Allergy 1 (5.9) 0 0
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Figure 2 Overall survival and progression-free survival in subgroups by number of liver metastasis lesions (A and B) or liver metastasis lesion size (C and D).

cycles of the combination regimen. One patient had TMB-high (80 years, tumor located in the pancreatic tail with diffuse
liver metastases) and achieved a PFS of 3.1 months and OS of 10.3 months after 1 cycle of AG and 5 cycles of
camrelizumab. All 5 patients were microsatellite stable (MSS; Table 3).

Discussion

In this pilot study, camrelizumab in combination with AG demonstrated encouraging clinical benefits with a median OS
of 14.0 months, PFS of 6.4 months, and an ORR of 29.4% in patients with PCLM. The regimen was generally well
tolerated, with no grade 4-5 TRAESs observed. These findings provide preliminary evidence supporting the feasibility of
integrating ICIs with AG in this particularly aggressive disease subset.

Historically, both FOLFIRINOX and AG are recommended as standard first-line regimens for metastatic PDAC.
Although several studies have shown broadly comparable OS, PFS, and ORR between the two regimens (evidence from
retrospective studies), differences in patient selection and toxicity profiles represent key considerations for treatment
decisions.”>® The slightly longer OS observed with FOLFIRINOX in a systematic review is likely attributable to the
fact that patients receiving this regimen are generally younger and have better baseline performance status;*>’ but,
retrospective studies adjusting for ECOG performance status have reported comparable or even marginally longer OS
with AG.?®2° Importantly, AG has consistently demonstrated a more favorable tolerability profile, with lower rates of
grade 3—4 neutropenia and febrile neutropenia compared with FOLFIRINOX.?® In addition, the MPACT trial demon-
strated that dose modifications in the AG regimen can effectively mitigate toxicity without compromising efficacy.*
Overall, to achieve a favorable benefit-to-risk profile, we selected the AG regimen as the first-line treatment for patients
with PCLM in this study.
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Figure 3 The association of blood indicators with overall survival (A) and progression-free survival (B). “#” indicates the statistical significance of the overall model
comprising all five variables. For panel A, the global P value from the Log rank test was 0.037, indicating statistically significant predictive ability for overall survival, whereas
the concordance index (0.82) demonstrated excellent discriminative performance of the model. For panel B, the global log-rank P value was 0.176, showing no statistically

significant predictive ability for progression-free survival, while the concordance index (0.81) similarly indicated excellent model discrimination.

Abbreviations: AIC, Akaike information criterion; W/L, white blood cell-to-lymphocyte ratio; N/L, neutrophil-to-lymphocyte ratio; P/L, platelet-lymphocyte ratio; L/M,
lymphocyte-monocyte ratio; LDH, lactate dehydrogenase.

In our study, camrelizumab combined with AG yielded a median OS of 14.0 months, a median PFS of 6.4 months,
and an ORR of 29.4%, which compares favorably with the historical benchmark of AG alone (OS 8.5 months, PFS 5.5
months, ORR 23%).'° To further improve survival outcomes, ICIs have attracted considerable attention in PDAC, given

Table 3 PD-L| Expression, TMB, MS| Status, and Survival in Patients with Available Data

No. | PD-LI Expression | TMB | MSI Status | PFS (Months) | OS (Months)
| Negative Low MSS 4 9

2 Negative Low MSS 14.5 24

3 Positive Low MSS 7 17.5

4 Negative Low MSS 7 9.5

5 Negative High | MSS 3.1 10.3

Abbreviations: PD-LI, programmed cell death-ligand |; TMB, tumor mutation burden; MSI, microsatellite
instability; PFS, progression-free survival; OS, overall survival; MSS, microsatellite-stable.
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their demonstrated efficacy in multiple solid tumors.®'~*> However, their effectiveness in PDAC has remained limited,
with modest response rates and short survival durations reported in multiple studies. The KEYNOTE-158 study reported
that only of the pancreatic cancer cohort achieved an ORR of 18.2%, with a median PFS of 2.1 months and median OS of
4.0 months." Similarly, durvalumab monotherapy following prior fluoropyrimidine- or gemcitabine-based therapy
resulted in median OS of 3.6 and 3.1 months, respectively.'* In contrast, early-phase studies combining ICIs with AG
have demonstrated improved outcomes in metastatic PDAC. In a Phase I trial, pembrolizumab plus AG achieved
a median OS of 15.0 months and median PFS of 9.1 months,"® while the CCTG PA.7 phase II trial reported a median
OS of 9.8 months, median PFS of 5.5 months, and ORR of 30.3% for durvalumab plus AG with tremelimumab.'® The
PRINCE trial, evaluating sotigalimab (a CD40 agonist) or nivolumab in combination with AG, reported a 1-year OS rate
of 57.7% for the nivolumab plus chemotherapy arm.** Compared with these studies, our trial suggests that camrelizumab
plus AG provides outcomes at least comparable to other ICI-based combinations, notably enrolling patients with less
favorable baseline characteristics in this study (including a relatively high proportion of patients with ECOG performance
scores of 1-2 and multiple liver metastases, reflecting a greater tumor burden).

The safety profile of camrelizumab plus AG chemotherapy in our study was acceptable, with most TRAEs being
grade 1-2 and manageable. Three patients experienced grade 3 TRAEs, which is lower compared to previous studies of
ICI plus AG (grade 34, 55.6%-84%).'%!9333% No grade 4-5 events occurred, and treatment discontinuation due to
TRAESs was rare, occurring in 1 patient (5.9%) due to grade 2 immune-related hepatitis. Therapy for this patient was
interrupted following communication among the investigator, patient, and family; then, this patient underwent close
clinical monitoring.

Liver is the most common metastatic site in PDAC and portends a particularly poor prognosis, with a historical
median OS below 6 months.” Importantly, the number of liver metastases has repeatedly been demonstrated as a key
prognostic factor. Retrospective analyses by Hackert et al reported 5-year OS rates of ~8%—10% in patients with PDAC
undergoing synchronous resection of primary and <3 hepatic lesions.>> Consistently, a multicenter study with 417
patients found that oligometastatic cases (<3 lesions) had a median OS of 13.1 months versus 8.2 months in polymeta-
static presentations (>3).>® In line with this, our study confirmed that patients with <3 liver metastases achieved
significantly longer OS and PFS compared with those having >3 lesions. Regarding lesion size, a previous study showed
that small liver metastatic lesions (<1500 pm in diameter) comprised more CD8-positive T cells, which were located at
the tumor center, while large ones (>1500 um) comprised fewer CD8-positive T cells, which were mainly located at the
invasion front.>” However, our cohort did not show any significant correlation between lesion size and survival outcomes,
which may be attributable to limited sample size and event numbers. In addition, although current international and
Chinese guidelines do not recommend surgery for metastatic PDAC,’ patients with <3 liver metastases (oligometastases)
may benefit from resection in certain cases.’® In our study, one female patient with pancreatic body cancer and liver
oligometastases underwent radical surgery due to colon obstruction (colorectal space-occupying lesions). The primary
tumor and liver metastases were carefully resected, and the invaded colon was removed and reconstructed. After surgery,
she received 4 cycles of AG and achieved a survival of 30 months.

We also performed exploratory subgroup analyses to identify potential biomarkers associated with response to
camrelizumab plus AG. Inflammatory markers have been suggested as a predictor for immunotherapy.** ** Previous
studies reported that baseline NLR, PLR, LMR, and LDH levels were associated with tumor response and survival for
patients with pancreatic cancer.>***** In our subgroups, we observed that higher WLR and lower NLR were correlated
with longer OS and PFS, and lower LDH was associated with OS. Qiu et al similarly reported that patients with lower
LDH had superior PFS and OS, but in their analysis, NLR was not significantly correlated with survival.>* However, the
reported associations between inflammatory markers and survival in pancreatic cancer remain inconsistent across studies.
These discrepancies may be explained by the relatively small sample sizes (often fewer than 100 patients), differences in
baseline patient characteristics, heterogeneity in treatment regimens, variation in cutoff values used for inflammatory
indices, and differences in study design and statistical methodology.****** Established immunotherapy biomarkers,
including PD-L1 expression, TMB, and microsatellite instability/deficient mismatch repair (MSI/AMMR) status, have
shown predictive value in various solid tumors.***® PD-L1 expression on tumor cells can suppress CD8" T cell activity
and has been associated with worse survival in certain cancers,®’ while TMB-high tumors generate more neoantigens,
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enhancing immunogenicity and response to ICIs.** MSI-H/dMMR tumors also exhibit increased sensitivity to ICIs,
though their prevalence in PDAC is low (<2%).>*° In our study, PD-L1 data were available for five patients, with only
one patient positive; TMB was high in one patient, and all were microsatellite-stable Notably, these two patients
experienced moderate clinical benefit (PFS 3.1-7 months; OS 10.3—17.5 months), suggesting potential utility of these
biomarkers. Overall, while our sample is limited, these exploratory analyses indicate that inflammatory and genomic
biomarkers may help predict ICI response in PDAC with liver metastases, warranting validation in larger cohorts.

This study has several limitations. Firstly, this was a single-arm, single-center trial. Secondly, the number of patients
enrolled was small. Therefore, selection bias and statistical bias could exist. Thirdly, the exploratory subgroup analyses,
including assessments of inflammatory markers, PD-L1 expression, TMB, and MSI status, were conducted in only a few
patients, preventing definitive conclusions regarding predictive biomarkers. Finally, the short follow-up duration for
some patients may have underestimated long-term outcomes. Future studies should increase the sample size, incorporate
randomized controlled designs with appropriate control groups, extend follow-up, and evaluate immune-related markers
to further explore the efficacy of camrelizumab combined with AG in this patient population.

Conclusion

In conclusion, camrelizumab combined with AG shows promising antitumor activity in patients with PCLM, with an
acceptable safety profile. These findings initially support further prospective studies and the exploration of biomarker-
driven strategies to improve efficacy in this patient population.
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