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Abstract: Gallbladder cancer (GBC) is the most common type of biliary tract cancer. The GBC is often diagnosed at an advanced
stage, which limits surgical intervention due to its aggressive nature, and as a consequence of its insensitivity to chemotherapy, more
effective treatments are required. In GBC, the efficacy of chemotherapy combined with anti-PD-L1/VEGF inhibition remains to be
clarified. The present case report describes successful treatment by toripalimab in combination with bevacizumab and gemcitabine in
a patient with metastatic GBC and PD-L1 combined positive score (CPS) =30. After six courses of therapy, a partial response was
observed in the patient’s clinical condition. So far, her PFS has exceeded 15 months. To the best of our knowledge, there was no other
case where toripalimab plus bevacizumab were used in combination with gemcitabine as an effective treatment strategy for GBC. The
remarkable response is likely to be related to the positive expression of PD-L1. Further, VEGF inhibition in combination with
chemotherapy may result in improved clinical outcomes due to increased antitumor immunity. Chemotherapy regimens combined with
anti-PD-L1/VEGF inhibition are promising therapies for GBC. Further well-designed prospective clinical trials are needed in order to
confirm the efficacy and safety of the three-drug regimen.
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Introduction

It has been reported that gallbladder cancer is the most common pathological type of biliary tract cancer (BTC),
accounting for 1.23% of newly diagnosed cancers and 1.45% of reported deaths of all cancers in China.' Gallbladder
cancer (GBC) is difficult to find in the early stages. In most cases, GBC is diagnosed following a pathologic examination
at an advanced stage. With local advance and metastasis, the median survival time is less than 1 year. In spite of its rarity,
GBC remains one of the leading causes of cancer-related death and holds a poor prognosis. The 3-year survival rate for
patients with advanced GBC is approximately 1%.>* Large-scale clinical trials have uncovered a limited effectiveness of
the treatment options traditionally used to treat advanced GBCs, such as surgery, chemotherapy, and radiation therapy.*
Based on the results of the ABC-02 trial, the combination of gemcitabine plus cisplatin remains the current standard of
care in treatment-naive patients.” However, the median survival of the doublet regimen was still only 11.7 months.
Molecularly-targeted agents also have limited application in GBC. Inhibitor of mutations of IDH1 as well as fusions/
rearrangement with fibroblast growth factor receptors (FGFR) and BRAFV600E mutations are potential targets, as they
are found almost exclusively in intrahepatic cholangiocarcinomas.®”® With regards to angiogenesis, addition of bevaci-

zumab (a monoclonal antibody against Vascular Endothelial Growth Factor) to capecitabine/gemcitabine failed to
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improve outcome when compared with historical controls in a group of patients suffering from locally advanced or
metastatic BTC.'? As a result, more effective treatments for GBC are urgently needed.

Tumor immunotherapy, especially immune checkpoint inhibitors (ICIs), is an emerging field of tumor therapy. The
use of ICI has received particular attention in curation for various types of cancers.''™'® It prevents cancer from immune
evading via activating the immune system and inducing antitumor responses.'® Several monoclonal antibodies are
available for ICI therapy, including those directed at Cytotoxic T-Lymphocyte Antigen 4 (CTLA-4), programmed cell
death 1 (PD-1) and programmed death ligand-1 (PD-L1).'” Although ICIs have revolutionized the treatment landscape of
several malignancies, the promise of immunotherapy in BTC is currently under investigation.'®'® The results of ICIs as
monotherapy were disappointing in unselected BTC patients.”’ The objective response rate (ORR) of pembrolizumab in
the BTC cohort was only 17% and 5.8% in the KEYNOTE-028 trial and KEYNOTE-158 trial, respectively.”' In
addition, available clinical data on ICIs in BTCs are mainly achieved from subanalyses of basket trials and small single-
arm trials.”’ **> As in patients with other types of tumor, only a small proportion of patients respond to PD-1 or PD-L1
inhibitor monotherapy due to both primary and acquired resistance via various mechanisms within the tumor and the
tumor microenvironment (TME).>* It has been found that Vascular Endothelial Growth Factor (VEGF) is involved in the
regulation of immunosuppressive BTC TME, thereby the study for the efficacy of anti-VEGF therapy in conjunction with
PD-1/PD-L1 inhibitors in this clinical condition is warranted.?>-*® Cytotoxic chemotherapies, such as gemcitabine, can
also increase antitumor immunity.”’ Anti-VEGF and chemotherapy complement each other and jointly strengthen
antitumor immunity of PD-1 inhibitors. Therefore, combined inhibition of PD-L1 and VEGF along with the immuno-
modulating effects of gemcitabine may produce an immune-friendly TME in BTC, which leads to additional clinical
benefits. Here, we report a case of metastatic GBC that was treated with a combination of an anti-PD1 monoclonal
antibody with antiangiogenic agent and gemcitabine chemotherapy, and partial remission (PR) was achieved after six
courses of treatment, with a mild adverse effect. At present, the patient is currently on maintenance therapy (bevacizumab
plus PD-1 inhibitor) and her condition is quite stable. This case encouraged us to consider the three-drug combination as
a promising treatment of advanced GBC.

Case Presentation

In August 2020, a 47-year-old female patient complaining of pain in the abdomen and back was admitted to Xi’an
International Medical Center Hospital. She had a 20-year history of cholecystitis and cholecystolithiasis but had never
sought treatment since she was asymptomatic. There was no cancer history or pathogenic germline mutation in her
family. The positron emission tomography/computed tomography (PET/CT) examination revealed a gallbladder malig-
nant tumor with lymph node metastasis in the left supraclavicular fossa, hepatic hilum, hepato-gastric space, retro-
peritoneum, abdominal cavity, and right pelvic cavity (Figure 1A). The histopathology of cystic mass biopsy guided by
ultrasound showed a gallbladder adenocarcinoma with metastases in multiple lymph nodes at stage IVB (cT3N2M1)
(Figure 1B). There was no surgical chance for the patient. However, the immunohistochemistry (IHC) indicated that the
PD-L1 expression of the tumor was positive (TPS 30%) (Figure 1C). In light of the examinations presented above, the
patient received PD-1 inhibitor toripalimab combined with gemcitabine and cisplatin as therapy on September 11, 2020.
In the following 2 months, the patient did not receive the next course of anti-tumor treatment on schedule and took some
biological agents (details unknown) by herself. On November 27, 2020, the patient revisited our hospital due to
aggravated low back pain. Her accompanying symptoms were abdominal distension, abdominal pain, nausea, vomiting,
and flatulence. According to the Eastern Cooperative Oncology Group (ECOG), the patient’s performance status (PS)
was 3. Physical examination revealed multiple hard masses in the abdomen, which were partially confluent and fixed.
The tumor biomarkers CEA and CA19-9 were normal, however, CA125 was elevated to 182 U/mL (normal range, <35
U/mL). Computed tomography (CT) revealed that the gallbladder tumor was larger than before and had multiple
peritoneal, intra-abdominal, retroperitoneal, and mesenteric lymph node metastases, suggesting progression of the disease
(Figure 2A). Upper gastrointestinal radiography showed obstruction at the origin of the horizontal part of the duodenum
(Figure 2B). Electronic gastroduodenoscopy showed stenosis of the horizontal transition of the duodenum (Figure 2C).
Combined with the patient’s symptoms and examinations, we considered that the tumor had compressed the duodenum
leading to duodenal obstruction. On December 15, 2020, the patient underwent exploratory laparotomy and jejunostomy
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Figure |1 PET/CT images or pathology of primary and metastatic tumor. (A) PET/CT showing a gallbladder malignant tumor with multiple lymph node metastases. (B) The
histopathology of gallbladder mass biopsy indicating gallbladder adenocarcinoma. (C) The result of IHC showing a positive expression of PD-LI.

feeding tube implantation in the Department of Gastroenterology of our hospital. After postoperative symptomatic and
supportive treatment such as anti-infection and nutrition, the general condition was significantly improved, with a PS of 2
points. For the purpose of identifying an effective treatment regimen, the tumor sample was subject to next-generation
sequencing (NGS) analysis using a 599-gene panel supplied by Guangzhou Jinyu Medical Laboratory Group Company
Limited. According to NGS results, the tumor mutation burden (TMB) was 9.3 mutations per megabase, and the
microsatellite status of the tumor was stable. Genetic mutations were seen in ATM, CCND1, CARD11, CDKN2A,
CIC, CTNNB1, KDM6A, KDR, LRP1B, NOTCH3, RICTOR, SLX4, and TSC2. There are no currently recommended
targeted drugs for gene mutations. From January 7, 2021, the patient began to receive toripalimab (240 mg dl, q3w)
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Figure 2 Radiological imaging studies and electronic gastroduodenoscopy showing progression of disease. (A) CT scan revealed that the gallbladder tumor lesion was larger
than before and more lymph node metastases. (B) Upper gastrointestinal radiography showed obstruction at the origin of the horizontal part of the duodenum. (C)
Electronic gastroduodenoscopy showed stenosis of the horizontal transition of the duodenum.

combined with gemcitabine (1 g d1, 8, qg3w) and VEGF/VEGEFR inhibitor bevacizumab (300 mg, q3w). After a complete
course, the patient felt better, and repeat gastroscopy showed no significant stenosis in the descending part of the
duodenum (Figure 3). Surprisingly, after two courses, CT on February 19, 2021 showed a significant shrinkage of
primary lesions and metastatic lymph nodes (Figure 4). Six courses later, we delightfully noticed that the patient’s gall
bladder lesions were reduced further, and abdominal lymph nodes were significantly reduced and decreased (Figure 4).
The lesion was assessed as partial response (PR) based on an abdominal CT scan. Thereafter, the patient received
maintenance therapy with toripalimab in combination with bevacizumab and underwent CT examinations regularly.
During the maintenance therapy, the general conditions of the patient were improved, with an ECOG performance status
of 0. So far, the patient has received nine cycles of maintenance therapy. Recent imaging was performed on
December 31, 2021 (Figure 5) and tumor lesions were stable. Figure 6 shows the process of development and treatment

Figure 3 Electronic gastroduodenoscopy showing no significant stenosis in the duodenum.
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Figure 5 CT scan shows the tumor in gall bladder and metastatic lymph nodes on December 31, 2021.
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Figure 6 The timeline of the process of development and treatment of the patient.

of the disease. This patient is still alive at the time of writing, with a Progression-Free Survival (PFS) of over 15 months,
and no significant adverse events have been observed. The patient expressed great expectations for this emerging therapy
and an optimistic outlook regarding the future.
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Discussion and Conclusions

In this case report, we described a unique patient with metastatic GBC who was treated with an ICI (toripalimab) in
combination with an antiangiogenic drug (bevacizumab) and single-agent chemotherapy (gemcitabine) and had
a surprising partial response to the therapy. Toripalimab is a selective, recombinant, humanized monoclonal antibody
against PD-1 developed by Shanghai Junshi Bioscience Co., Ltd. Toripalimab binds to PD-1 and blocks the interaction
with its ligands. Considering the poor general condition of the patients, we chose gemcitabine single-agent chemotherapy.
VEGF-A-targeting monoclonal antibody bevacizumab, the first available anti-angiogenic therapy, has shown efficacy in
the treatment of metastatic colorectal cancer, breast cancer, non-small-cell lung cancer, glioblastoma, renal cell carci-
noma, ovarian cancer, and cervical cancer. To the best of our knowledge, this is the first case presenting a significant
response in an advanced GBC patient with immunotherapy combined with bevacizumab plus chemotherapy all over the
world.

We reckoned that there were some facts which contribute to such a good outcome. First, the patient bore a positive
PD-L1 expression (30%). PD-L1 expression has been considered as an immunotherapy biomarker in NSCLC,
hepatocellular carcinoma, head and neck squamous cell carcinoma, and many other solid tumors, and the expression
level was associated with efficacy.”® Whether PD-L1 expression is a biomarker for BTC immunotherapy is still
uncertain. In our case, the patient obtained a significant benefit from toripalimab treatment, which might indicate
that PD-L1 expression could be a potential biomarker in GBC immunotherapy. Secondly, it is presumably because
tumor cells damaged by chemotherapy could release antigens that could serve as adaptive immune response targets and
enhance immune response. Immunotherapy combined with chemotherapy has been investigated in many types of
cancers and has shown promising antitumor efficacy.?’ In this case, we combined gemcitabine monotherapy on GBC,
which may augment the immunogenicity of the tumor and enhanced immunotherapy response. Thirdly, this synergetic
effect between bevacizumab and ICI might also contribute to the significant response to toripalimab in this patient. We
now know that VEGF not only plays a major role in controlling blood vessel formation, but also modulates tumor-
induced immunosuppression.”® VEGF suppresses the immune system by decreasing dendritic cell maturation and
function, impairing CD8+ T-cell infiltration and functioning, inducing inhibitory immunity checkpoints, and accumu-
lating immunosuppressive cells such as myeloid-derived suppressor cells (MDSC), regulatory T cells (Treg), and
tumor-associated macrophages (TAM).***! Antiangiogenic drugs have been shown to reverse VEGF-induced immu-
nosuppression and enhance the activity of PD-1 and PD-L1 inhibitors in a number of preclinical and clinical studies.*
In clinical trials, combining of PD-1 or PD-L1 inhibitors, anti-VEGF agents have proved superior to standard
treatments for non-squamous non-small cell lung cancer, renal-cell carcinoma, and hepatocellular carcinoma.** It
is also demonstrated that maintenance therapy with bevacizumab combined with toripalimab achieved long-term
stability in the present case.

In conclusion, the present case showed that the combination of ICI and antiangiogenic drug along with chemotherapy
held potential to be a novel treatment for metastatic GBC. However, immunotherapy should not be considered a standard
of care in all comers, due to the limited efficacy in unselected population. There is no effective way of evaluating in
advance the effectiveness of immunotherapy. Multiple biomarkers, including TMB, MSI, and PD-L1, can be used to
assess the effectiveness.’® Unfortunately, the available data on the predictors of the response to ICIs in GBC are
conflicting, and no single biomarker may select patients likely to benefit from this therapeutic approach.’® As previously
discussed, immune classification of the TME from tumor biopsies may help distinguish immunotherapy-responsive from
resistant patient subgroups, but will need to be confirmed in prospective studies. GBC responds to combination therapy in
an extremely complicated way from a pathological and physiological standpoint. Probably combination of multiple
biomarkers is feasible to screen those who may benefit from ICIs. In the next 5 years, ICIs are likely to be approved for
untreated, advanced disease, in combination with chemotherapy and antiangiogenic therapy. This should lead to more
studies on the use of ICI-based treatment for earlier stages of GBC including neoadjuvant therapy for tumor down-
staging, particularly for unresectable disease and in combination with locoregional therapies to increase their efficacy.
ICIs will provide a promising treatment strategy to improve the survival benefit of GBC patients. Combining with anti-
angiogenic agents, chemotherapy, radiation therapy or targeted therapy will improve response rates of immunotherapy.
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