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Abstract

Gastrointestinal (GI) malignancies are diverse and particularly challenging in terms of
current immunotherapy but hold great opportunity for impact given that they constitute
the highest cancer incidence and mortality rates worldwide. Traditional treatment op-
tions for solid GI malignancies include surgical intervention, chemotherapy, radiation,
or a combination of these treatments. Emerging modalities within immunotherapy are
anticipated to extend the results with conventional therapy by stimulating the patient’s
own intrinsic potential for tumor-specific immunologic rejection. Combination regimens
of chemotherapy and tumor-infiltrating lymphocyte (TIL) therapy in advanced colorectal
cancer and pancreatic cancer, autologous monocyte therapy in advanced gastric cancer,
and CAR-T therapy trained against GI-selective tumor antigens such as carcinoembryonic
antigen are currently being studied. Clinical trials are underway to study the combination
of various chemotherapeutic agents along with immunotherapy in the management of
cholangiocarcinoma, hepatocellular carcinoma, and esophageal cancer. Alternative ther-
apies are needed based on the tumor immune microenvironment, which can lead to a
personalized approach to treatment. In this review, we discuss the current status of various
modalities of immunotherapy in common GI malignancies, along with their mechanisms of
immune activation and cancer suppression. We will also discuss the use of immunotherapy
in less common solid GI malignancies and touch on recent advancements and clinical trials.

Keywords: tumor-infiltrating lymphocytes; immunotherapy; gastrointestinal malignancy;
cancer vaccines; immune surveillance; clinical trials

1. Introduction
The concept of cancer immune surveillance was first introduced in 1967 by Burnet [1],

based on the hypothesis that the immune system can suppress progression or development
of spontaneous malignancies. Naturally occurring T lymphocytes that infiltrate tumor
tissue are, under the right circumstances, capable of recognition and destruction of cancer
cells [2–4]. Cancer cells can evade immune destruction by inhibiting antigen presentation,
cytokine production, and cytotoxicity by antigen-presenting cells and CD4+ and CD8+
T lymphocytes [2,4]. As such, an increased number of intra-tumoral T cells is associated
with better clinical outcomes and improved survival [3]. This led to great interest in the
development of drugs designed to enhance the intrinsic potential of a patient’s immune
system to mount tumor-specific rejection [5].
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Immunotherapy is broadly defined as any biologic or targeted agent that increases or
restores the immune system’s ability to detect and destroy cancer cells [6]. Immunother-
apy includes agents with a broad range of mechanisms of action. These include but are
not limited to vaccination with tumor antigens, cytokine therapy, stimulation of antigen
presentation, and enhancement of antitumor T cell function [5,7–9]. Adoptive cell transfer
(ACT) is a cell-based therapy that uses reinfused natural killer (NK) cells, TILs, activated
peripheral blood mononuclear cells, chimeric antigen receptor (CAR) T cells, or cytotoxic
T-lymphocytes (CTLs) to target tumor cells [7,10]. Tumor-infiltrating lymphocyte (TIL) ther-
apy achieved success in the management of several metastatic malignancies, specifically
melanoma, where the FDA approved the first TIL product in February 2024 [11]. CAR-T
therapy achieved dramatic success in B-cell malignancies, but its utility in solid tumors
remains elusive due to the extensive risk of off-target toxicity [12].

The advancements in immunotherapy have, to date, been most dramatic in immuno-
genic tumors such as melanoma, or in liquid tumors such as B-cell leukemia where lineage-
specific antigenic targets are well-defined. In GI cancers, only modest efficacy has been
achieved with ICI therapy, both in upper GI malignancies, such as gastroesophageal cancers,
and in microsatellite-unstable colorectal cancers. Overall, however, most GI malignan-
cies are not highly immunogenic or lack tumor-specific antigenic targets, rendering the
development of rational immunotherapies to be extremely challenging.

In this review, we will discuss the current use of existing immunotherapeutic ap-
proaches in GI malignancies, their targets, and their use in combination therapy. We will
also discuss emerging technologies and clinical trials involving immunotherapy in GI
malignancies, focusing on ACT regimens. Figure 1 describes the immunotherapy agents
mentioned in this manuscript.

 

Figure 1. Immunotherapy agents for gastrointestinal malignancies and their targets. Ab-
breviations: PD-1: programmed cell death protein 1; PD-L1: programmed death-ligand 1;
CTLA: cytotoxic T-lymphocyte-associated protein; IL: interleukin; PARP: poly(ADP-ribose) poly-
merase; VEGF: vascular endothelial growth factor; VEGFR: vascular endothelial growth factor recep-
tor; and EpCAM: epithelial cell adhesion molecule.
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2. Immune Checkpoint Inhibition in Gastrointestinal Malignancies
2.1. Esophageal Cancer

Esophageal cancer has a poor prognosis, with an overall five-year survival rate
of 20% [6,13]. Current treatment regimens are anchored by surgery and perioperative
chemotherapy based on data from clinical trials, including the MAGIC and FLOT-4 trials.
The MAGIC trial demonstrated decreased tumor size, decreased stage, and improved
progression-free survival and overall survival in patients with operable gastric or lower
esophageal adenocarcinoma treated with perioperative chemotherapy [14,15]. The FLOT4
randomized phase 2/3 trial demonstrated that perioperative 5-fluorouracil (5-FU), leu-
covorin, oxaliplatin (FOLFOX), and docetaxel improved overall survival as compared to
the perioperative regimen used in the MAGIC trial [15]. However, responses to standard
therapies are poor, and there remains intense interest in utilizing immunotherapy as a
potential treatment option in advanced or recurrent cases.

Immune checkpoint inhibition has been extensively studied in esophageal cancer.
The CHECKMATE 577 phase 3 clinical trial included patients with esophageal squamous
cell carcinomas or adenocarcinomas who were treated with nivolumab, a monoclonal
PD-1 antibody, as adjuvant therapy. Patients with R0 stage II or stage III esophageal
or gastroesophageal junction cancer who received neoadjuvant chemoradiation and had
residual pathological disease were included. Compared to the placebo group, patients
who received adjuvant nivolumab had longer disease-free survival (DFS) [16]. Janjigian
et al. demonstrated in the randomized phase 3 CheckMate 649 clinical trial that nivolumab
plus chemotherapy versus chemotherapy alone led to prolonged overall survival and
progression-free survival [17]. In the KEYNOTE-590 trial, patients with previously un-
treated, locally advanced, or metastatic esophageal cancer were randomized to receive
pembrolizumab with or without chemotherapy. Pembrolizumab with chemotherapy was
superior to placebo for progression-free survival [18]. With these studies, nivolumab or
pembrolizumab plus chemotherapy were granted FDA approval for specific subsets of
esophageal cancer patients and are recommended as first-line treatment in untreated and
unresectable patients with esophageal adenocarcinoma [17,19]. This further demonstrates
that the cytotoxic effects of chemotherapy may sensitize tumors to ICIs, thereby illustrating
a benefit of combination therapy [20,21].

2.2. Gastric Cancer

Curative resection with or without chemotherapy is the gold standard for treatment
of gastric cancer, and many recommendations for immunotherapy are extrapolated from
trials focusing on esophageal or GE junction cancer. In cohort 1 of the KEYNOTE-059 study,
patients with advanced gastric cancer treated with pembrolizumab alone had an overall
response rate of 11.6% [22–24]. In cohort 2, patients received pembrolizumab, cisplatin,
and 5-fluorouracil. The overall response rate was 60% with a complete response in one
patient [25].

The ATTRACTION-2 randomized phase 3 trial studied nivolumab versus placebo in
patients with advanced gastric cancer who had previously been treated with at least two
chemotherapy regimens. The primary endpoint was overall survival. Median overall sur-
vival was 5.26 months in the nivolumab group and 4.14 months in the placebo group [26].
When combined with ipilimumab, objective response and 12-month progression-free sur-
vival rates were 24% and 35%, respectively, in patients with metastatic and chemotherapy-
resistant gastric cancer [27]. Ongoing studies are in progress to further delineate the role of
ICIs in the treatment of gastric cancer.
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2.3. Pancreatic Cancer

Immune checkpoint inhibition has been largely disappointing in pancreatic ductal
adenocarcinoma (PDAC) due to its immunosuppressive microenvironment, scant T cell
infiltration, and limited neoantigen load [20,28]. These factors rendered ICI therapy inef-
fective, particularly when used as monotherapy [20,29]. In preclinical studies, however,
immunotherapy has been associated with improved overall survival and tumor regres-
sion in PDAC when used in combination with other treatment regimens, raising hope
that rationally selected combination regimens may be beneficial in patients. For example,
neoadjuvant immunotherapy may increase the presence of TILs in the pancreatic tumor
microenvironment, thus reducing the immunosuppressive effects of surgery with systemic
release of glucocorticoids that induce apoptosis of naïve T cells and suppression of T-cell
proliferation [30].

PDAC tumors with high microsatellite instability (MSI) due to mismatch repair en-
zyme (MMR) deficiency respond well to immunotherapy [28,31]. Le et al., hypothesized
that ICIs induce peripheral expansion of tumor-specific T cells and that MMR-deficient
tumors have functional mutation-associated neoantigen (MANA)-specific T cells. They
studied the efficacy of PD-1 blockade with pembrolizumab in MMR-deficient solid tumors.
Out of eight patients with PDAC, objective response to treatment was seen in five patients,
with complete response in two of these individuals [31]. This led to FDA approval of
pembrolizumab for high MSI and MMR-deficient tumors [28,29,31]. However, only a small
percentage of patients with PDAC [20,28,29] exhibit MSI phenotype, limiting the efficacy of
ICI in this disease.

2.4. Colorectal Cancer

Lymphocytic infiltration in CRC has been associated with improved prognosis [32].
MMR-deficient tumors have elevated levels of DNA microsatellite instability, which leads
to overexpression of genes specific to CTLs. The high mutational burden in these tumors
generate antigens that can be recognized as foreign, and therefore mount an immune
response [2,9]. High MSI tumors make up approximately 6% of advanced-stage CRCs, and
these tumors demonstrate upregulation of immune checkpoint proteins such as PD-1 and
programmed death ligand (PD-L1) that permit immune evasion by TILs [33].

The benefit of immunotherapy in MMR-deficient and high-MSI tumors has been es-
tablished in several clinical trials, for example, in a phase 2 clinical trial including stage IV
CRC patients with or without MMR deficiency by Le et al. Patients treated with pem-
brolizumab every 14 days showed an objective response rate of 40% compared to 0% in
MMR-proficient patients [31,34]. The results of these studies led to FDA approval of pem-
brolizumab for patients with advanced CRC who progressed through standard chemother-
apy. CheckMate 142 was a multicenter, phase 2 study that included MMR-deficient and
MMR-proficient patients with CRC. Patients received nivolumab monotherapy until disease
progression, death, or unacceptable toxicity. Immunotherapy was more beneficial in those
with MMR-deficiency or high MSI tumors, with an objective response rate of 31%, and 68%
disease control at 12 weeks [35] leading to FDA approval in 2017 for nivolumab in these
patients. The combination of nivolumab plus ipilimumab was subsequently evaluated in
119 patients. The overall response rate was 55% at 13.4 months with a disease control rate
greater than 80% at 12 weeks [36]. The combination regimen was granted FDA approval in
2018 as first-line therapy in MSI-high and MMR-deficient metastatic CRC patients [9,33].

Single-agent immunotherapy has also been studied in rectal cancer. In a prospective
phase 2 study, dostarlimab, an anti-PD-1 monoclonal antibody, was given every 3 weeks
for 6 months to patients with MMR-deficient stage II or stage III rectal cancer. Standard
chemoradiation and surgery were then performed. Patients with complete clinical response
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after completing dostarlimab continued without chemoradiation or surgery. Twelve pa-
tients completed treatment with dostarlimab, with 100% demonstrating a complete clinical
response after at least six months of follow-up. Although longer follow-up is needed,
these results indicate that MMR-deficient locally advanced rectal cancer is sensitive to
single-agent dostarlimab [37].

2.5. Hepatocellular Carcinoma

Hepatocellular carcinoma (HCC) is the most common liver cancer, and the first-
generation tyrosine-kinase inhibitor (TKI) sorafenib remains standard therapy in patients
with advanced disease and acceptable hepatic function [38]. HCC is a biologically complex
malignancy, with multiple candidate pathways for immunotherapy. The CheckMate 040
study was a phase 1/2 trial of nivolumab in adults with advanced HCC with or without
hepatitis B or C. Patients previously treated with agents targeting T-cell costimulation or
checkpoint pathways were excluded, but prior treatment with sorafenib was acceptable.
Patients received intravenous nivolumab 0.1–10 mg/kg every 2 weeks in a dose-escalation
design. In the dose-expansion phase, patients received nivolumab 3 mg/kg every 2 weeks
in four cohorts: patients without hepatitis who were intolerant or not previously treated
with sorafenib, patients who progressed on sorafenib without hepatitis, those with hepatitis
B infection, and those with hepatitis C infection. The objective response rate was 20% in the
dose-expansion cohort and 15% in the dose-escalation phase [39]. These findings led to FDA
approval of nivolumab for HCC in patients with disease progression or treatment-limiting
sides effects on sorafenib [40].

Yau et al., in the phase 3 CheckMate 459 randomized, multicenter trial, compared
nivolumab versus sorafenib in advanced HCC. They observed a favorable safety profile
for nivolumab. However, nivolumab did not improve overall survival as compared to
sorafenib [41]. As a result of this pivotal study, nivolumab as a single agent may be
considered as first-line therapy in patients with Child-Pugh A or B liver disease who have
contraindications to sorafenib [40,41].

Finn et al., in the phase 3 IMbrave150 randomized study, compared combination
therapy with the PDL-1 inhibitor atezolizumab and the vascular endothelial growth fac-
tor (VEGF) inhibitor bevacizumab and observed improved overall survival (OS) and
progression-free survival (PFS) in patients with unresectable HCC compared to so-
rafenib [42]. Sangro et al., in the phase 3 HIMALAYA study showed that in unresectable
HCC, STRIDE (Single Tremelimumab Regular Interval Durvalumab) significantly improved
OS as compared to sorafenib [43]. These two trials confirm that dual immunotherapy with
biological agents has positive and beneficial outcomes in unresectable HCC.

2.6. Biliary Tract Cancers

Cisplatin plus gemcitabine is standard first-line therapy for metastatic cholangiocarci-
noma, while radical surgery is the mainstay of treatment for resectable cholangiocarcinoma.
Despite recent advances in surgical and systemic therapy, recurrence rates are high, lead-
ing investigators to explore the use of immunotherapy in biliary tract cancers [44]. The
global TOPAZ-1 study was a double-blind phase 3 study in which patients who had not
been treated for unresectable locally advanced, recurrent, or metastatic biliary tract cancer
were randomized to receive 1500 mg durvalumab, an anti-PD-L1 antibody, every 3 weeks
or placebo plus gemcitabine/cisplatin on days 1 and 8 every 3 weeks for up to 8 cycles,
followed by durvalumab or placebo until disease progression or unacceptable toxicity. The
combination of durvalumab plus gemcitabine/cisplatin significantly improved overall
survival versus placebo plus gemcitabine/cisplatin. PFS was also significantly improved
with durvalumab versus placebo. The objective response rate was 26.7% with durval-
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umab and 18.7% with placebo [45]. In September 2022, durvalumab gained FDA approval
when combined with chemotherapy as first-line treatment in advanced biliary tract cancer
and is now included in NCCN guidelines [13,46]. The recently completed DurGAP trial
(NCT05640791) demonstrated promising overall response and disease control rates with
neoadjuvant durvalumab combined with gemcitabine/cisplatin and Nab-paclitaxel [47].

Treatment with pembrolizumab as monotherapy has been used to successfully treat
high-MSI cholangiocarcinoma in several case reports. All patients had disease recurrence
after standard chemotherapy and/or surgery [48–51]. In the KEYNOTE-028 and KEYNOTE-
158 basket studies, patients with incurable biliary tract cancer that progressed after
prior standard treatment regimens (without immunotherapy) were given pembrolizumab
10 mg/kg every two weeks or 200 mg every three weeks, respectively. The primary end-
point was the overall response rate in both studies. All patients in KEYNOTE-028 had
PD-L1-positive tumors whereas only 61 had PD-L1-positive tumors in KEYNOTE-158.
The 12-month overall survival rate was 32.7% in KEYNOTE-158 and 27.6% in KEYNOTE-
028. These results emphasize that pembrolizumab provided durable antitumor activity
regardless of PD-L1 expression. In KEYNOTE-158, no patients had high-MSI tumors [52].
However, MMR deficiency or high-MSI tumors have been shown to be associated with
durable responses to ICIs, and pembrolizumab is approved for previously treated patients
with MMR-deficient or high-MSI tumors regardless of histology [53–55].

Additional clinical trials included other ICIs in combination with chemotherapy. In
the KEYNOTE-966 phase 3 clinical trial, patients with metastatic or unresectable biliary
tract cancer without prior systemic therapy were randomized to receive pembrolizumab or
placebo added to gemcitabine and cisplatin. The primary endpoint was overall survival.
The 24-month overall survival was 24.9% for the pembrolizumab group versus 18.1%
for the placebo group, demonstrating a statistically significant and clinically meaningful
improvement [56]. There have also been case reports of pembrolizumab, combined with
chemotherapy and surgery, used to successfully treat a patient with gallbladder cancer [57].

The IMbrave 151 phase 2 randomized clinical trial was the first to evaluate the com-
bination of immunotherapy, VEGF blockade, and chemotherapy as first-line treatment in
advanced biliary tract cancer [58]. Patients were randomized to Arm A (atezolizumab + beva-
cizumab + gemcitabine/cisplatin) or Arm B (atezolizumab + placebo + gemcitabine/cisplatin).
Both combinations had a manageable safety profile [59]. Results indicate only a modest
benefit to combining atezolizumab with bevacizumab and chemotherapy [60]. In contrast,
Shi et al., combined toripalimab, lenvatinib, and gemcitabine plus oxaliplatin in patients
with advanced intrahepatic cholangiocarcinoma. Toripalimab is an anti-PD-1 monoclonal
antibody and lenvatinib is a multikinase inhibitor. Thirty patients received gemcitabine
and oxaliplatin every three weeks for six cycles along with intravenous toripalimab and
oral lenvatinib for one year. The median follow-up time was 23.5 months with an objective
response rate of 80%. The median overall survival was 22.5 months with a disease control
rate of 93.3%. The results of this trial indicate that the combination of toripalimab, lenva-
tinib, and gemcitabine/oxaliplatin is a promising first-line treatment option for advanced
intrahepatic cholangiocarcinoma [61].

2.7. Gastrointestinal Stromal Tumor

Gastrointestinal stromal tumor (GIST) is the most common digestive mesenchymal
tumor and can occur throughout the entire GI tract. Surgical resection and TKIs are
the primary management for localized and recurrent or metastatic GISTs, respectively.
Imatinib, a KIT- and platelet-derived growth factor receptor α (PDGFRA)-directed TKI, is
FDA approved as first-line treatment of GIST. It acts by inhibiting KIT signaling pathways
that affect cell proliferation and survival. The efficacy of imatinib is potentiated by its effect
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on the immune system, partially mediated by its activation and proliferation of CD8+T
cells which induce apoptosis of Treg cells and stimulate the production of IFN-γ by NK
cells [62,63]. Resistance to treatment is a challenge for patients with advanced GIST and
sunitinib and regorafenib have been approved as second- and third-line treatment for GIST,
respectively. More recently, ripretinib, a switch-control TKI that inhibits both KIT and
PDGFRA kinase through a dual mechanism of action, was FDA approved in patients with
advanced GIST who failed previous treatment with three or more TKIs [64].

Due to the high prevalence of resistance to treatment with TKIs, PD-1/PD-L1 blockade
has been studied as a promising strategy to improve the effects of TKIs. In a GIST mouse
model and in tissue specimens from GIST patients who underwent surgery, Siefert et al.,
demonstrated that PD-1 was expressed at an increased frequency in intratumoral T cells. In
tumor cells treated with either anti-PD-1 or anti-PD-L1 and imatinib, PD-1/PD-L1 blockade
enhanced the effects of imatinib by increasing CD8+ T cell function leading to tumor cell
apoptosis [65]. These data emphasize the importance of combination immunotherapy in
improving the effects of targeted therapy for GIST [62,65].

2.8. Small Bowel Adenocarcinoma

Small bowel adenocarcinomas are typically treated as other GI malignancies with
fluoropyrimidine-based chemotherapy [40]. Immunotherapy in small bowel adenocar-
cinoma targeted microsatellite status and tumor mutational burden [13]. In the phase 2
KEYNOTE-158 study, 233 patients with advanced, pretreated MSI-H, or MMR-deficient GI
tumors received pembrolizumab as monotherapy. Of these patients, only nineteen patients
had small bowel adenocarcinoma. The objective response rate was 42.1% in those with
small bowel cancer versus 34.3% in all patients. Median PFS was 9.1 months in those with
small bowel cancer and 4.1 months in all patients, although the study was not powered to
evaluate between subgroups [66]. Because small bowel adenocarcinoma has a high rate of
microsatellite instability and T-lymphocyte infiltration as compared to other GI cancers, the
ZEBRA study sought to determine if pembrolizumab, a PD-1 inhibitor, could induce an
antitumor response. Pembrolizumab did not induce the hypothesized response rate, with
the observed rate a disappointing 8% [67,68]. Continued research is warranted in this area,
as there is currently no FDA-approved ICI for small bowel cancer [40].

2.9. Neuroendocrine Tumors

Neuroendocrine neoplasms (NETs) have a low tumor mutation burden and have a
poor response rate to ICIs [40]. However, Klein et al., in the CA209-538 study, demonstrated
a response to ipilimumab and nivolumab in patients with high-grade pancreatic NETs
and NECs of the gastroesophageal junction and pancreas [69]. A multicenter phase II
study combining ipilimumab with nivolumab demonstrated a 26% overall response rate
in patients with NECs [70]. In another retrospective study of patients with NECs without
a specific location who received at least two previous lines of treatment, the objective
response rate was 14.7% [71]. This suggests that a regimen of ipilimumab and nivolumab in
NECs that have progressed despite previous chemotherapy may be beneficial [40,71]. The
recently completed AveNEC and CABOAveNEC trials (NCT03352934 and NCT05289856)
demonstrate that the combination of avelumab and cabozantinib may be an effective option
for second-line treatment in these aggressive tumors [72,73].

2.10. Anal Cancer

Anal cancer is a less prevalent GI malignancy that is primarily of squamous cell origin
and is commonly associated with human papillomavirus (HPV) [13,40]. Most patients
are cured with chemoradiation. However, there is no consensus treatment for those with
recurrent metastatic disease [74]. HPV viral proteins E6 and E7 are immunogenic and
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can activate an anti-tumor host immune response by recruiting TILs [74,75]. Tumor cells
express PD-L1, and upon binding the inhibitory receptor on T cells, T cell activation is
diminished and hence the anti-tumor immune response is also decreased. In a multicenter
phase 2 study in the United States, patients with refractory anal carcinoma were given
3 mg/kg nivolumab, a monoclonal antibody against PD-1, every 2 weeks. Encouragingly,
9 of 37 patients achieved a response, with an overall response rate of 24% and a manageable
safety profile [74]. In the KEYNOTE-028 phase 1b trial, 25 patients with advanced anal
carcinoma were treated with pembrolizumab, with an overall response rate of 17% [76].
The CORINTH phase 1b/2 trial studied patients with locally advanced anal cancer who
received pembrolizumab concomitantly with standard chemoradiation. NCCN guidelines
now recommend pembrolizumab or nivolumab as preferred treatment options for patients
with metastatic anal cancer who progressed on first-line chemotherapy [77].

2.11. Appendiceal Cancer

There are no current indications for immunotherapy in the management of appen-
diceal cancer. Standard treatment follows protocols for CRC or are based on retrospective
data [78]. However, recent studies indicated that appendiceal cancer has a distinct genomic
landscape from CRC, leading to development of preclinical models to study appendiceal
cancer [79]. The successful use of pembrolizumab in appendiceal cancer has only been
demonstrated in a case report in which the patient was PD-L1 negative [80]. Forsythe et al.
used patient tumor organoids (PTO) derived from 26 patients with appendiceal cancer with
peritoneal metastasis (PM). The organoids were then treated with either pembrolizumab,
ipilimumab, or nivolumab. An immunotherapy response was demonstrated in 21.1% of
those treated with pembrolizumab and 10.5% of those treated with nivolumab. There was
no response to ipilimumab [81]. In the future, information derived from testing in PTOs
may be applied and used in clinical trials for those with appendiceal cancer [81]. A phase II
study of nivolumab and ipilimumab in patients with mucinous appendiceal tumors was
terminated due to slow enrollment and lack of efficacy (NCT 03693846) [82]. However, an
open-label phase IIa clinical trial in which patients with unresectable metastatic appen-
diceal adenocarcinoma were treated with atezolizumab and bevacizumab demonstrated a
100% disease control rate with a progression-free survival of 18.3 months. Although the
overall response rate was not achieved, and the data could not be generalized to patients
with poorly differentiated appendiceal adenocarcinoma, and further study of combined
PD-L1 and VEGF inhibition is warranted in appendiceal cancer [83].

3. Vaccines as Cancer Therapy
3.1. Esophageal Cancer

Immunotherapy modalities beyond ICI have been explored in esophageal cancer. For
instance, an innovative Japanese study assessed vaccines in esophageal cancer patients who
were also undergoing radiation and surgery. Fifteen patients with esophageal squamous
cell carcinoma were enrolled, and patients received the S-588410 cancer peptide vaccine.
Vaccination was shown to increase expression of PD-L1 and CD8+ and CD4+ TILs, leading
to antitumor activity and a possible synergistic effect of the vaccine in combination with anti-
PD-L1 antibodies in esophageal cancer [84]. However, in a follow-up phase 3, randomized,
double-blind, multicenter trial in which patients with lymph node-positive esophageal
cancer were treated with S-588410 peptide vaccine alone, there was no difference in relapse-
free survival as compared to placebo [85]. This further emphasizes that peptide vaccines
may be more beneficial when combined with other types of immunotherapies.

Dendritic cells have been used to create vaccines to treat cancer. Wang et al. conducted
an observational cohort study with 40 patients with esophageal cancer. Patients were
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randomized 2:1, with the experimental group receiving a dendritic cell vaccine combined
with adjuvant radiotherapy while the control group received conventional adjuvant ra-
diotherapy. The vaccine was well-tolerated, and the 1- and 2-year survival was improved
in patients treated with the vaccine. The 2-year survival in the vaccine group was 67.8%
compared to 33.3% in the control group [86].

3.2. Gastric Cancer

Several cancer-testis antigens have been shown to be overexpressed in gastric cancer,
such as FoxM1, which has been associated with chemoresistance. Patients with unresectable
or recurrent gastric adenocarcinoma who failed standard therapy were treated with a
vaccine consisting of five different peptides. No severe adverse events were observed.
Patients with a CTL induction tended to have a better prognosis [87]. When the same
vaccine was used in combination with S-1 in stage III gastric cancer patients in the adjuvant
setting, the combination therapy was feasible and safe. However, further studies are
necessary to determine its efficacy [88].

Sundar et al. conducted a phase I/Ib study using a peptide vaccine in patients
with advanced gastric cancer. The OTSGC-A24 combined peptide cancer vaccine was
administered to patients with inoperable or metastatic gastric cancer with the HLA-A*24:02
haplotype who were refractory to standard therapy. The vaccine was administered in three
cohorts of patients with 1 mg of OTSGC-A24 being administered at 3-weekly, 2-weekly,
and weekly intervals. A total of 24 patients were enrolled. The most common drug-related
toxicity was injection site reactions, and 29% of patients experienced decreased appetite.
Positive CTL induction with an antitumor effect was observed in 15 patients. Median
progression-free survival and median overall survival was 1.7 months and 5.7 months,
respectively [89]. This study demonstrated the safety of the OTSGC-A24 peptide vaccine
consistent with other vaccines used in the treatment of solid tumors.

3.3. Pancreatic Cancer

Vaccines are the most commonly studied immunotherapy in PDAC. However, similar
to ICIs, they have an insignificant effect when used as monotherapy [90]. In the TeloVac trial,
patients with locally advanced or stage IV pancreatic cancer were randomized to receive
chemotherapy including capecitabine and gemcitabine, subsequent chemoimmunotherapy,
or concurrent chemoimmunotherapy using a human telomerase reverse transcriptase
catalytic subunit peptide vaccine (GV1001). The findings are negative, as the addition
of GV1001 did not improve overall survival [91]. A follow-up phase 3 trial by Jo et al.,
demonstrated that GV1001 plus gemcitabine/capecitabine improved overall survival and
time to progression as compared to those treated with chemotherapy alone [92].

Vaccine effectiveness has been boosted in several trials by using attenuated or killed
bacteria as immune modulators. GVAX is composed of two irradiated, granulocyte-
macrophage colony-stimulating factor (GM-CSF)-secreting allogeneic PDAC cell lines
given to inhibit regulatory T cells by inducing T cells against PDAC antigens. CRS-207
is a live-attenuated, double-deleted Listeria monocytogenes that has been engineered to
secrete mesothelin, a tumor-associated antigen overexpressed in PDAC, into the cytosol
of infected antigen-presenting cells. Stage IV PDAC patients who received at least one
prior therapy were enrolled in a multicenter, randomized, phase 2 trial with two treat-
ment arms. One arm received two doses of cyclophosphamide/GVAX and four doses
of CRS-207 as an immunomodulator. The second treatment arm received six doses of
cyclophosphamide/GVAX only. The primary objective was overall survival [93]. Patients
treated with the immunomodulator CRS-207 had longer overall survival with minimal
toxicity [90,93].
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PDACs contain neoantigens that have the potential to stimulate T cells, and long-term
PDAC survivors have been shown to mount T cell responses against tumor-specific neoanti-
gens. Rojas et al. tested whether vaccines could stimulate neoantigen-specific T cells in
patients with advanced PDAC. In a phase I clinical trial, patients with surgically resectable
PDAC received adjuvant atezolizumab, autogene cevumeran (an individualized mRNA
neoantigen vaccine), and modified FOLFIRINOX. Cevumeran demonstrated substantial
expansion of neoantigen-specific, functional, and durable CD8+ T cells. Vaccine-expanded
T cells persisted for up to 2 years post-vaccination [94,95]. In an extended follow-up
study, autogene cevumeran-induced CD8+ T cell clones persisted up to 3.6 years post-
vaccination [96]. The success of this mRNA neoantigen vaccine led to a global randomized
trial (NCT05968326) in a larger group of patients [97].

3.4. Colorectal Cancer

OncoVax is the most widely studied vaccine used in CRC with clinical trials dating
back to the 1980s. In this vaccine, autologous cancer cells are combined with the Bacille
Calmette–Guérin (BCG) vaccine. The Eastern Cooperative Oncology Group conducted a
phase III randomized trial in which 412 patients with CRC were treated with surgery alone
or in combination with vaccination. Despite a follow-up period of more than seven years,
there was no significant difference in disease-free or overall survival. However, subgroup
analysis of patients with stage II CRC demonstrated improved overall and disease-free
survival [98].

Ring finger protein 43 (RNF43) and 34-kDa translocase of the outer mitochondrial
membrane (TOMM34) are two TAAs that were found to be overexpressed in 80% of CRC
tissues. As such, HLA-A24-restricted epitope peptides from RNF43 and TOMM34 were
identified. Okuno et al. conducted a phase I clinical trial using a peptide vaccination with
RNF43 and TOMM34 in combination with a prodrug of 5-FU and uracil, an inhibitor of
5-FU degradation. Twenty-three patients with unresectable metastatic CRC were enrolled,
and clinical response was detected via follow-up computed tomography (CT) scans and the
induction of CTLs against the two peptides. There was stable disease in 16 patients. The
median progression-free survival was 7.2 months and mean survival time was 24.4 months.
Eight patients had CTL responses against both antigens and this group had the most
long-term survivors. Patients with no CTL responses had the lowest survival [99].

Rodriguez et al. conducted a phase II clinical trial (NCT01348256) of patients with
liver metastasis of CRC randomized 1:1 to receive two courses of dendritic cell intradermal
vaccination four times daily versus observation. Although this study ended early due
to budget restrictions, there were fewer and later relapses in patients in the vaccine arm,
with a median disease-free survival of 25.3 months versus 9.5 months in the observation
group [99]. Despite evidence of clinical benefit and induction of an immune response,
the use of vaccines in CRC has not come to fruition due to lack of significant benefits in
larger phase III clinical trials. It is speculated that the antitumor immunity induced may be
insufficiently durable to make a meaningful impact on survival [98].

3.5. Hepatocellular Carcinoma

The feasibility of dendritic cell vaccines in patients with advanced HCC was tested in
a small phase I/II trial of five patients using a multiple tumor-associated antigen (TAA)-
pulsed dendritic cell vaccine. The vaccine consisted of pulsed dendritic cells with cytoplas-
mic transduction peptide-attached α-fetoprotein, glypcan-3, and MAGE-1 recombinant
fusion proteins. At least six vaccinations were tolerated in all patients, and all patients
showed T cell responses against TAAs [100].
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Alpha-fetoprotein (AFP) is frequently overexpressed in HCC. A phase I trial
(NCT01974661) evaluated COMBIG-C/ilixadencel, a dendritic cell-based vaccine primed
with AFP. The vaccine was administered intratumorally in 18 patients. A total of three vac-
cinations were given. The trial demonstrated positive immunogenicity and a tolerable side
effect profile [101]. Another study was conducted using the same vaccine in 17 patients on
three separate occasions 2–5 weeks apart. Diffusion-weighted magnetic resonance imaging
(MRI) was conducted before each injection and three months after the first injection. MRI
was able to detect a significant reduction in diffusion early after treatment and decreased
tumor growth at three months [102]. Rizell et al. demonstrated that HCC patients with ilix-
adencel had a median overall survival of 10.9 months [103]. These studies further suggest
the effectiveness of dendritic cell vaccines in HCC, though further studies are necessary to
determine the specific subset of patients in which a particular therapy is effective.

3.6. Biliary Tract Cancers

The Wilms’ tumor 1 (WT1) peptide vaccine has been tested as a potential therapeutic
in a number of malignancies, including patients with biliary tract cancers. A phase I trial
was conducted to determine the toxicity, safety, and immunologic dose of the WT1 vaccine
in patients with advanced biliary tract cancer. HLA-A 0201, HLA-A 0206, and HLA-A
2402-positive patients with inoperable advanced biliary tract or pancreatic cancer who had
not previously received gemcitabine were enrolled. Four doses of the WT1 peptide vaccine
and six doses of gemcitabine were given over two months. Median survival of patients
with biliary tract cancer was 288 days. However, the disease control rate was only 50% at
two months [104,105].

Further trials were conducted using multi-antigen vaccines due to the modest effect
of single-antigen vaccines. Aruga et al. conducted a phase I trial in nine patients with
advanced biliary tract cancer who were refractory to standard chemotherapy. They were
vaccinated subcutaneously weekly with doses of 0.5, 1, or 2 mg of a vaccine containing
four peptides derived from cancer-testis antigens. Vaccination continued until disease
progression. There were no grade 3 or 4 adverse events, and the median progression-free
survival and overall survival were 156 and 380 days, respectively [106,107]. A three-peptide
vaccine targeting VEGFR1, VEGFR2, and KIF20A also had positive effects on survival,
further emphasizing the importance of more clinical trials regarding cancer vaccines [108].

3.7. Gastrointestinal Stromal Tumor

The first use of a vaccine in GIST was in 2001 in a case reported by Shioyama et al. [109].
In this case, a patient with retroperitoneal metastasis of GIST was treated with carboplatin,
epirubicin, and radiotherapy, followed by four intratumoral injections of OK432 given
in one-week intervals. The original tumor size was 11 cm in diameter, but decreased to
20 mm in diameter six years after treatment was completed.

Many GIST patients ultimately develop resistance to TKIs, making immunotherapy
an appealing potential alternative for treatment. A phase I trial conducted in patients
with advanced or metastatic GIST who failed at least second-line therapy with a TKI was
carried out in seven patients, who received two intratumoral injections of ilixadencel while
maintaining treatment with TKIs. Three patients developed donor-specific antibodies
indicative of alloimmunization. Two patients had a partial response. However, disease
progression was noted in five patients [110,111]. Further clinical trials are needed to
optimize the use of vaccines in GIST.
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4. Cytokine Therapy
4.1. Gastric Cancer

Granulocyte-macrophage colony-stimulating factor (GM-CSF) is a multi-lineage cy-
tokine that stimulates antigen presentation by directly stimulating dendritic cells and
macrophages [112]. Early studies demonstrated that the common regimen of etoposide,
5-FU, and folinic acid (ELF) had a response rate of 39% in patients with locally advanced
gastric cancer. Partyka et al. added GM-CSF to the ELF treatment regimen to determine if
the response rate would be improved. Thirty patients were treated with ELF for three con-
secutive days. GM-CSF was started on day 4 if patients developed an absolute granulocyte
count < 500 cells/µL. Nineteen patients had progressive disease, and grade 4 neutropenia
occurred in sixteen patients [113]. Granulocyte colony-stimulating factor (G-CSF) regulates
neutrophil production only and is therefore thought to have less toxicity as compared to
GM-CSF [114]. A phase II study was conducted in advanced gastric cancer patients who
were treated with docetaxel and given prophylactic G-CSF. The overall response rate was
20%, and grade III or IV toxicity occurred in 36% of patients [115]. Kornek et al. also
conducted a phase II clinical trial combining paclitaxel, cisplatin, and G-CSF in advanced
gastric cancer patients. This combination was shown to have a decreased incidence of
severe neutropenia and other adverse effects as compared to other trials [116]. Although
there do not appear to be any studies regarding GM-CSF or G-CSF solo therapy in gastric
cancer, its use in combination with standard therapy may allow for increased tolerability
and decreased adverse effects.

IL-6 is a master cytokine that plays a role in immune evasion by tumors [117]. In
in vitro and in vivo studies, Ham et al. demonstrated that upregulation of IL-6 in gastric
cancer tissues correlated with a poor response to chemotherapy [118]. Ruzzo et al. studied
patients with locally advanced metastatic gastric cancer who were undergoing palliative
chemotherapy and had genetic variants of the IL-6 promoter and the IL-6 receptor that led to
their upregulation. Patients with these variants had worse overall survival, supporting the
hypothesis that targeting IL-6 is a feasible therapeutic option in gastric cancer [119]. Further
clinical trials are necessary to access the feasibility of anti-IL-6 agents in the management of
gastric and other malignancies.

4.2. Pancreatic Cancer

Interferons are secreted in response to immune stimulation and have been proven
to upregulate MHC class I molecules, promote survival of CTLs, promote dendritic cell
maturation, and have antiangiogenic effects on various tumors [112]. A phase II trial of
patients with PDAC who underwent pancreaticoduodenectomy was performed by Nukui
et al. In this trial, surgical patients were treated with standard adjuvant chemoradiation or
standard therapy plus IFNα given every other day during the five weeks of radiation. The
two-year overall survival was 84% in the IFNα group versus 54% in the control group [120].
In a phase III trial, patients receiving a low-dose IFNα injection prior to chemoradiation
had a significant increase in cytotoxicity and activation of antigen-presenting cells and
NK cells [121]. In the ACOSOG Z05031 multicenter phase II trial, PDAC patients were
treated with adjuvant IFNa-2b. There was no long-term toxicity or toxicity-related deaths.
Median disease-free survival and overall survival were 14.1 months and 25.4 months,
respectively [122]. In a PDAC mouse model, IFNβ combined with gemcitabine led to
smaller tumor volumes [123]. More robust clinical trials are necessary to determine the tox-
icity profile and effectiveness of interferons in combination with standard chemoradiation
for PDAC.
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4.3. Colorectal Cancer

Studies regarding cytokine therapy in CRC are limited. The first human dose escalation
study of PEGylated recombinant human IL-10 (AM0010) was completed in patients with
solid tumors in 2015. A total of 33 patients were enrolled and AM0010 was administered
daily at doses of 1 to 40 µg/kg. Increasing doses of AM0010 had increased exposure, and
IL-18 was increased in a dose-dependent fashion in all patients. At doses > 20 µg/kg, IFNγ,
IL-4, GM-CSF, and IL-7 were increased. Of the six patients with CRC, four patients had
stable disease at 8 weeks with one for greater than 40 weeks [124]. Further clinical studies
evaluating the use of cytokine therapy in combination with other treatment modalities are
imperative for CRC.

4.4. Gastrointestinal Stromal Tumor

Multiple therapies have been tested in an attempt to increase the efficacy of imantinib.
IFNα and IFNβ are produced by dendritic cells, neutrophils, and macrophages in the tumor
microenvironment. Peginterferon α-2b (PegIFNα2b) is a long-acting IFN that has been
tested to treat GIST [63]. In a pre-clinical study, eight patients with stage III/IV GIST were
administered PegIFNα2b along with imatinib. A partial or complete response rate was
achieved in 100% of patients, compared to only 54% of patients treated with imantinib alone.
These promising results suggest that cytokine therapy may help to eradicate drug-resistant
clones in patients who no longer respond to imantinib [125].

Cytokines in combination with other types of immunotherapy have also been used to
treat GIST. Eight patients with recurrent GIST refractory to standard therapy were treated
with intravenous allogenous phytohemagglutinin-activated T cells in combination with IL-
2 and a personalized vaccine adopted from donor B-cells and patient circulating tumor cells.
Five patients achieved complete remission after 14 months of follow-up [126]. Combination
immunotherapy continues to show promise when standard therapy has failed.

4.5. Peritoneal Carcinomatosis

Historically, PM has been treated following guidelines as per the primary tumor, with
cytoreductive surgery (CRS) and heated intraperitoneal chemotherapy (HIPEC) being
indicated for certain histological types. However, some studies demonstrated that peri-
toneal carcinomatosis may have a distinct biologic subtype as compared to the primary
tumor [127,128].

PM is more common in signet ring adenocarcinomas of gastric origin and mucus pro-
duced by adenocarcinomas may help the tumor to invade the stroma and facilitate spread
to the peritoneal fluid, resulting in malignant ascites [129]. Catumaxomab is a trifunctional
antibody with a long-term vaccination effect that targets the innate and adaptive immune
systems, leading to phagocytosis of tumor cells and cell death by initiating pro-apoptotic
cytokines [130]. Catumaxomab was approved for the treatment of malignant ascites in
Europe in 2009 [130,131]. We are currently conducting a phase 1 clinical trial to study the
safety of IP administration of tocilizumab, an IL-6 receptor antagonist, in the treatment of
malignant ascites (NCT06016179) [132].

5. Oncolytic Viral Therapy
5.1. Esophageal Cancer

Oncolytic virotherapy involves using natural or genetically engineered viruses to
infect and replicate in tumor cells, causing direct tumor cell lysis that triggers the antitumor
immune response [133,134]. OH2 is an oncolytic virus derived from herpes simplex virus
(HSV) strain HG52. Preclinical studies demonstrated its safety and potent oncolytic activity.
Zhang et al. conducted a multicenter phase I/II clinical trial in which patients with
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advanced solid tumors were treated with OH2 and HX008, an anti-PD-1 antibody. Of
the fourteen patients with esophageal cancer, only one patient had stable disease [134].
Another phase I dose-escalation study evaluated OBP-301 (Telomelysin), an attenuated
type-5 adenovirus containing human telomerase reverse transcriptase promoter. Thirteen
patients who were unfit for surgery or chemotherapy received endoscopic injection of
OBP-301 and radiation. Eight patients had a complete local response, and the objective
response rate was 91.7% [135]. This study offers oncolytic viral therapy as an alternative
for those who are unable to tolerate standard therapy.

5.2. Pancreatic Cancer

Taxane and platinum chemotherapy has been thought to induce antitumor immune ac-
tivity, and the synergistic potential of reovirus in combination with carboplatin or paclitaxel
has been studied previously. In a randomized phase II trial, patients with treatment-
naïve metastatic PDAC were treated with paclitaxel/carboplatin or paclitaxel/carboplatin
combined with the oncolytic reovirus pelareorep (Reolysin®). Although palereorep was
shown to be safe, it did not improve progression-free survival when combined with pa-
clitaxel/carboplatin [136]. When combined with gemcitabine, pelareorep was shown to
complement gemcitabine with a median overall survival of 10.2 months [137]. Another
phase Ib study evaluated patients with PDAC who had progressed after first-line treatment.
Patients received chemotherapy (5-FU, gemcitabine, or irinotecan), pembrolizumab, and
pelareorep until disease progression or unacceptable toxicity. Of the 11 patients enrolled,
three patients had a partial response for up to 17.4 months [138]. Further studies are
necessary to determine the optimal combination of therapy.

5.3. Colorectal Cancer

The effectiveness of oncolytic viral therapy in colon cancer has long been a subject of
interest, going back to the studies by Yoon et al., who demonstrated that the HSV-1-derived
vector hrR3 destroyed colon cancer cells both in vitro and in vivo [133,139]. JX-594 (Pexa-
Vec) is a thymidine kinase gene-inactivated oncolytic vaccinia (cowpox) virus and was
evaluated in 15 patients with treatment-resistant CRC in a phase Ib study. There were no
dose-limiting toxicities, and 67% of patients had radiographically stable disease [140].
The oncolytic reovirus pelareorep was combined with FOLFOX and bevacizumab in
103 patients with metastatic CRC. Objective response rate was 53% in patients treated with
pelareorep versus 35% in patients treated with chemotherapy alone. However, progression-
free survival was inferior in the pelareorep group, suggesting that treatment intensity may
have been decreased by standard therapy [141].

5.4. Hepatocellular Carcinoma

JX-594 has been used extensively in clinical trials in HCC [133]. In the TRAVERSE
phase IIb clinical trial (NCT01387555), patients with advanced HCC who failed sorafenib
treatment were randomized to Pexa-Vec plus best supportive care versus best supportive
care alone [142,143]. Pexa-Vec was well-tolerated. However, there was no difference
in overall response rate or time-to-progression in the two treatment arms [142]. In a
phase III study of sequential treatment with Pexa-Vec and sorafenib in patients with no
prior systemic treatment, there was again no clinical benefit in patients treated with Pexa-
Vec plus sorafenib [144,145]. It is hoped that combining oncolytic viruses with other
systemic therapies, such as ICIs, may yield benefit in future studies.

5.5. Peritoneal Carcinomatosis

Immunostimulatory virus-like particles are being studied as a means to modify the
immunosuppressive peritoneal immune microenvironment. Miller et al. used the virus-
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like particle CMP-001 in an ex-vivo model of peritoneal cells isolated from patients with
PM from GI and pancreaticobiliary cancers. CMP-001 is composed of a bacteriophage
capsid protein that encapsulates a CpG-A oligodeoxynucleotide that activates plasmacytoid
dendritic cells (pDCs) and activates IFNα release, leading to anti-tumor immune effects.
In mice injected with either pancreatic or colon cancer cell lines, there was an increase in
survival in those that received CMP-001 as compared to controls. There was also reduction
in total tumor weight and volume of ascites, suggesting that CMP-001 may be an effective
treatment for patients with PM [146].

6. Cellular Therapy
6.1. Esophageal Cancer

The use of ACT therapy has shown promising results in hematologic malignancies.
However, their promise remains largely untapped in treating solid tumors [6]. Challenges
result from low tumor tissue infiltration of CAR-T cells in solid tumors, an immunosup-
pressive tumor microenvironment, and toxic side effects [147]. CAR-T cells specific to
the MAGE-A4 antigen were evaluated in ten patients with recurrent esophageal cancer
in a phase 1 clinical trial. The patients were given T cell receptor lymphocytes followed
by sequential MAGE-A4 peptide vaccinations on days 14 and 28. Only three patients
demonstrated a durable response with a progression-free survival of 27 months, but they
had a lower tumor burden as compared to the other patients [148]. These findings suggest
that ACT may be more beneficial in patients with early-stage tumors [149].

6.2. Gastric Cancer

The normal immune response is known to be impaired in patients with advanced
stages of cancer. Therefore, it is probable that cell therapy can improve the host’s immune
function. Shi et al. evaluated the efficacy of immunotherapy with autologous cytokine-
induced killer (CIK) cells in patients with gastric cancer. Patients with stage III or IV gastric
cancer who had undergone gastrectomy were enrolled after receiving six cycles of adjuvant
5-FU-based chemotherapy. Patients in the immunotherapy group were treated with at least
three cycles of CIK-cell therapy, while the control group did not receive immunotherapy.
Patients in the immunotherapy group had significantly better disease-free survival (DFS).
The 3- and 5-year DFS rates were 36.4% and 10.4% in the control group versus 47.3% and
28.3% in the immunotherapy group. These findings indicate that CIK-cell therapy has the
potential to improve the host’s immune function after chemotherapy [150].

In a randomized Japanese study, Kono et al. investigated the use of adoptive im-
munotherapy (AIT) with tumor-associated lymphocytes in combination with chemotherapy
in patients with stage IV gastric cancer. Patients in the AIT group were treated with AIT
plus intravenous cisplatin/5-FU and oral doxifluridine, while those in the control group
were treated with chemotherapy alone. All patients underwent surgery with adjuvant
treatment beginning five weeks after surgery. Overall survival was significantly improved
in the AIT group, with 50% survival rates of 11.5 and 8.3 months in the AIT group and
control group, respectively [151].

Invariant NK T cells (iNKT) couple innate and adaptive immune responses by gen-
erating cytokine release in response to lipid antigens. AgenT-797 is a type of cell therapy
that consists of allogenic human unmodified iNKT cells isolated from a healthy donor and
expanded ex vivo. Hadfield et al. present a case of a patient with high-MSI advanced
gastric adenocarcinoma who developed resistance to nivolumab treated with agenT-797.
The patient received one infusion of agenT-797 while continuing maintenance nivolumab
every two weeks. Gene expression analysis of tissue biopsies demonstrated increased
tumor immune infiltration of TH-1 lymphocytes. The patient had a partial response as
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per RECIST 1.1 criteria [152]. A phase I clinical trial evaluating agenT-797 in combination
with pembrolizumab or nivolumab demonstrated an overall response rate of 20% in pa-
tients with advanced solid tumors [153]. These data, along with the successful response
of this patient to agenT-797, supports the development of clinical trials using iNKT in
gastric cancer.

6.3. Pancreatic Cancer

ACT has also been explored in PDAC. Leidner et al. published a case of a patient with
stage IIB PDAC who presented with bilateral lung metastases one year after completing
chemoradiotherapy. The patient was refractory to standard therapy and TIL therapy.
The patient was then subsequently treated with a single infusion of autologous T cells
expressing T cell receptors targeting mutant KRAS G12D expressed by the tumor. The
patient was noted to have an overall partial response of 72% with a clinical response of at
least 6 months [154].

It has been proven that arming anti-CD3-activated T cells with anti-CD3, and anti-
EGFR bispecific antibodies (EGFRBi) change activated T cells into specific CTLs [155]. Lum
et al. then demonstrated in preclinical studies that EGFRBi-armed activated tumor cells
killed pancreatic cancer cells in an in vitro model. This led to their phase 1/2 trial in which
patients were infused intravenously with EGFRBi-armed activated tumor cells three weeks
following chemotherapy with FOLFOX. Not only was the treatment deemed to be safe,
but all patients also survived for more than one year with a median overall survival of
31 months [156].

NK cells serve as a safe and effective alternative to T cells. However, there are few
clinical studies regarding CAR-NK cells as compared to CAR-T cells, and most studies
involving GI malignancies are in preclinical trials or animal models. CAR-NK cells mainly
kill cells with high expressions of specific antigens. Li et al. report use of Robo-1-specific
CAR-NK cells in a patient with PDAC and liver metastasis. Robo1 has been shown
to modulate T cell chemotaxis and plays a role in tumor angiogenesis. Its expression
is increased in pancreatic cancer. The patient received intravenous and percutaneous
injection of Robo1-CAR-NK cells weekly for five months. Imaging demonstrated resolution
of the pancreatic and liver lesions at five months. Overall survival of the patient was
eight months [157]. This case highlights the importance of the need for further clinical
studies using alternative cellular therapies.

6.4. Colorectal Cancer

Because most targets of CAR-T cells in CRC are also expressed on normal cells, there
is a substantial risk of off-tumor toxicity when using this approach in patients [147]. Car-
cinoembryonic antigen (CEA) is a biomarker widely expressed in CRC and was used as
a target in a phase I clinical trial. CAR-T cell therapy directed against CEA-positive CRC
patients with metastases was performed with five dose-escalating levels in ten patients.
There were no severe adverse events, and seven patients had stable disease after CAR-T
therapy. Serum CEA levels also decreased in these patients. After a second CAR-T therapy,
CAR-T cell proliferation was also observed [158].

Other targets for CAR-T therapy have been explored in CRC. Ligands for the acti-
vating immunoreceptor NKG2D, which is highly expressed on cytotoxic immune cells,
are expressed on malignant cells and are a potential target of CAR-T cells. The SHRINK
trial was a dose-escalation trial of NKG2D CAR-T cells administered in combination with
FOLFOX in patients with colon cancer liver metastasis in which there were no dose-limiting
toxicities [159]. This was followed by the alloSHRINK trial in which dose-escalating doses
of the NKG2D-based CAR-T cells were infused following pretreatment with FOLFOX.
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There were two partial responses and two patients who achieved stable disease. The
median progression-free survival was 3.9 months [160].

Tran et al. reported the successful use of TILs in a patient with CRC [161]. A phase 2
clinical trial (NCT01174121) was designed to determine whether adoptive transfer of ex
vivo TILs consisting of T cells against cancer neoepitopes would lead to regression of
metastatic solid tumors [161,162]. In one patient with a history of CRC with only lung
progression, regression of all lung lesions occurred 40 days after cell therapy. There was a
9-month partial response [161]. A phase I clinical trial (NCT05576077) is currently recruiting
patients with CRC to investigate TBio-4101, a type of autologous TIL therapy that will
utilize tumor specific antigens to expand patient-specific tumor-reactive T cells that will be
reinfused back into the patient [163,164]. These clinical trials are important in the ongoing
efforts to bring ACT to fruition.

6.5. Hepatocellular Carcinoma

Preclinical studies demonstrated that CIK cells have increased activity against HCC
cells in vitro [165]. When CIK cell transfusions were combined with transcatheter arterial
chemoembolization (TACE) and radiofrequency ablation (RFA), the disease control rate
was higher in patients treated with CIK cells as opposed to TACE and RFA alone. However,
the difference was not significant, and the two groups were not randomized [166]. A
randomized phase II study, HCC patients without prior treatment were assigned to CIK
plus standard treatment versus standard treatment alone. Median overall survival and
progression-free survival was significantly higher in those treated with CIK [167]. Similarly,
in a phase III trial of patients treated with adjuvant CIK, the median recurrence-free survival
was 44.0 months in the CIK-treated group versus 30.0 months in the control group [168].
Larger randomized controlled studies are needed to further elucidate the role of CIK cells
in the treatment of HCC.

Chimeric antigen receptor monocytes and macrophages (CAR-M), a type of ACT, are
being developed to treat solid tumors. An in vivo CAR-M is being engineered by Carisma
Therapeutics and will be used to target Glypican-3 (GPC3), a tumor antigen that is highly
expressed in HCC. With the use of mRNA and a lipid nanoparticle, this novel in vivo cell
therapy will aid in directing myeloid cells to kill cancer cells, further advancing the field of
ACT [169].

6.6. Biliary Tract Cancers

Cholangiocarcinoma is categorized depending on the presence of immune cell infiltra-
tion into cancers that have been infiltrated by lymphocytes and those that have not been
infiltrated. Tumors that have been infiltrated are immunologically responsive, with TILs be-
ing the most important determinant of the host immune response against tumor cells [170].
Systemic chemotherapy in cholangiocarcinoma can lead to resistance to available drugs,
resulting in a low five-year survival rate. However, the immunomodulating properties
of chemotherapy have been shown to enhance immune cell function, particularly with
gemcitabine, which can sensitize cancer cells to be susceptible to CTLs. This led to the
hypothesis that gemcitabine combined with CTLs would be an effective treatment against
cholangiocarcinoma. Sawasdee et al., conducted an in vitro study where gemcitabine was
combined with CTLs to treat gemcitabine-resistant cholangiocarcinoma cells. Cells pre-
treated with gemcitabine were killed by CTLs activated by self-differentiated dendritic cells
more efficiently as opposed to CTLs activated with cancer cell lysate. These findings sup-
port the use of gemcitabine in combination with immunotherapy to treat chemo-resistant
cholangiocarcinoma [171].
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6.7. Anal Cancer

Due to its strong association with HPV, the majority of clinical trials addressing
anal cancer are combined with other HPV-associated cancers such as cervical, vulvar,
vaginal, penile, and oropharyngeal cancers [172]. A phase 2 study sponsored by the
National Cancer Institute (NCI) studied two cohorts: cervical cancers and non-cervical
cancers. Patients with metastatic HPV-associated cancers who received prior platinum-
based chemotherapy or chemoradiotherapy were eligible. Patients were treated with a
nonmyeloablative chemotherapy regimen, followed by a single intravenous infusion of
HPV-TILs. Aldesleukin was then administered as an intravenous bolus every eight hours
to tolerance or a maximum of fifteen doses. Five of the included patients had anal cancer,
of which only one had a partial response of a 4-month duration [173]. Although the
response rate was not very favorable for the patients with anal cancer, the feasibility of
this approach and further clinical trials are warranted. Another approach was performed
using ADXS11-001, a live attenuated Listeria monocytogenes bioengineered to secrete an
HPV-16-E7 fusion protein targeting HPV-transformed cells. The tumor-associated antigen
HPV E7 is present in anal cancer cells infected with HPV. ADXS11-001 causes stimulation
of antigen-presenting cells to facilitate attachment of immune cells to cancer cells [174].
Patients with anal squamous cell cancer without metastasis were treated with two cycles of
mitomycin and 5-FU, standard radiation, and one dose of ADXS11-001 prior to radiation
followed by monthly doses after each session of radiation. Eight of nine patients had a
complete response at a median follow-up of 34 months [175].

6.8. Peritoneal Carcinomatosis

CAR-T cell immunotherapy has been a focus of study in PM [130]. In a murine model
of CRC metastasis to the peritoneal cavity, Katz et al., studied the intraperitoneal (IP)
delivery of CAR-T cells, finding that direct IP infusion was more effective at reducing
tumor burden as compared to systemic infusion, suggesting that combinatorial use of IP
and systemic therapy is a promising therapeutic option [176].

7. Clinical Trials Involving Immunotherapy in
Gastrointestinal Malignancies

Many clinical trials are underway to establish the efficacy of various immunothera-
peutic agents in the treatment of GI malignancies. ICIs are the most studied and promising
strategy for intervention as they have shown the potential for durable responses with
manageable adverse effects. Some studies suggested that combining immunotherapy with
chemotherapy and/or radiation may have an increased benefit. It has since been hypothe-
sized that antitumor drugs that increase T cell immunity combined with PD-1 inhibition
may have a synergistic effect [30,177]. The combination of endogenous T cell activation,
vaccines, or ACT has also been studied synergistically with ICIs and standard chemora-
diation in order to activate the host’s immune system [178]. Several preclinical studies
demonstrated promising results when combining CAR T cells with oncolytic viruses, as the
combination can increase anti-tumor activity [179]. In this section, we provide an overview
of ongoing active clinical trials involving multiple modalities of immunotherapy in
GI malignancies.

7.1. Immune Checkpoint Inhibition

Immune checkpoint inhibition has been the predominant focus of immunotherapy
for GI malignancies since 2017 [20]. These promising immunotherapy drugs include
anti-PD1 antibodies, anti-CTLA-4 antibodies, and anti-PD-L1 antibodies. Most studies
involve the combination of immunotherapy with systemic chemotherapy, highlighting
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synergistic results with improved overall survival and prognosis. Table 1 summarizes select
ongoing and active clinical trials focusing on the use of immune checkpoint inhibition in
the management of GI malignancy.

Table 1. Summary of ongoing clinical trials evaluating immune checkpoint inhibition in gastrointesti-
nal malignancy.

Clinical Trial Researchers Phase Treatment Protocol Patients (N) Outcome Measures Status

Gastric Cancer

NCT05204173
(DRAGON-09) Yuan et al. [180] Phase II Sintilimab, IP and IV

PTX, plus oral S-1 30

One-year survival rate,
R0 resection rate,
three-year OS,
three-year PFS

Unknown

Esophageal Cancer

NCT05937438 Qian et al. [181] Phase I/II

Postoperative
radiotherapy followed
by tislelizumab or
camrelizumab

70
One-year DFS,
three-year DFS,
three-year OS

Recruiting

NCT04973306
(iCROSS) Huang et al. [182] Phase II/III

Neoadjuvant CRT +
tislelizumab followed
by surgery vs.
CRT + surgery

176
Pathologic response
rate, OS,
PFS, R0 resection rate

Recruiting

Pancreatic Cancer

NCT04548752 Chung et al.
[183,184] Phase II

Pembrolizumab +
Olaparib vs.
Olaparib alone

88 PFS, safety, OS,
ORR, DoR Recruiting

Biliary Tract Cancer

NCT06230471 Zhao et al. [185] Phase II
Pembrolizumab with or
without chemotherapy
or Lenvatinib

60 ObRR, DCR, PFS,
OS, DoR Recruiting

NCT06013943 Yuan et al. [186] Phase II Envafolimab + Gemox 30 6-month PFS, PFS,
OS, DCR, ObRR Recruiting

Colorectal Cancer

NCT02912559
(ATOMIC)

Sinicrope et al.
[187] Phase III

Systemic chemotherapy
with or without
atezolizumab

700 DFS, OS, AE Active, not
recruiting

NCT05382741
(VIVA)

Yamazaki et al.
[188] Phase II

Adjuvant durvalumab +
regorafenib vs.
observation

182 DFS, 18-month DFS, OS,
AE Recruiting

Hepatocellular carcinoma

NCT06248554 Zhang et al. [189] N/A Post-operative adjuvant
PD-1 inhibitors 200 DFS, OS, AE Recruiting

Gastrointestinal stromal tumor

NCT05152472
(ATEZOGIST)

Brahmi et al.
[190] Phase II

Imatinib with
atezolizumab versus
imatinib alone

110 PFS, ORR, TTF, OS Recruiting

Small bowel and
appendix

NCT05472948 Deng et al. [191] Phase II
Surufatinib and
sintilimab in
combination with
capecitabine

36 PFS, ORR, OS,
DCR, safety Recruiting

NCT04205968 Overman et al.
[192,193] Phase 2

Ramucirumab +
paclitaxel versus
FOLFIRI

94 PFS, OS, ORR, AE,
CEA levels Recruiting

Anal cancer

NCT03233711 Rajdev et al. [194] Phase III Nivolumab versus
observation 344 DFS, ObRR, OS,

colostomy-free survival
Active, not
recruiting
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Table 1. Cont.

Clinical Trial Researchers Phase Treatment Protocol Patients (N) Outcome Measures Status

NCT04230759
(RADIANCE) Martin et al. [195] Phase II CRT versus CRT +

durvalumab 180
DFS, AE, OS,
colostomy-free survival,
cCR

Active, not
recruiting

NCT04472429
(POD1UM-
303/InterAACT 2)

Rao et al. [196] Phase III

Carboplatin + paclitaxel
+ placebo versus
carboplatin + paclitaxel
+ retifanlimab

308 PFS, ORR, DoR,
DCR, AE

Active, not
recruiting

Abbreviations: AE—adverse events, cCR—complete clinical response, CEA—carcinoembryonic antigen,
CRT—chemoradiation, DCR—disease control rate, DFS—disease free survival, DoR—duration of response,
FOLFIRI—fluorouracil, leucovorin, irinotecan, GIST—gastrointestinal stromal tumor, IP—intraperitoneal,
IV—intravenous, N—number, ObRR—objective response rate, ORR—overall response rate, OS—overall survival,
PFS—progression-free survival, PTX—paclitaxel, TTF—time to treatment failure, and TTR—time to response.

7.2. Intraperitoneal Use of Immunotherapy

ICIs have the potential to enhance the immune response to tumor cells [8], with
the same being true of intraperitoneal immunotherapy with ICIs [197]. ICIs may have
an advantage in the peritoneal cavity, as the sequestered environment may allow for
dosing regimens that may not be tolerated when given systemically [198]. Wang et al.
presented the first case of a patient with pancreatic cancer and refractory ascites who was
successfully treated with intraperitoneal nivolumab [197]. Table 2 summarizes upcoming
and ongoing clinical trials focusing on intraperitoneal immunotherapy in the management
of GI malignancies.

Table 2. Summary of ongoing clinical trials evaluating intraperitoneal immunotherapy in gastroin-
testinal malignancies.

Clinical Trial Researchers Phase Treatment Protocol Patients (N) Outcome Measures Status

NCT04222114 Qi et al. [199] Phase III
IP catumaxomab vs.
localized
supportive
treatment

282

OS, PFS,
progression-free
interval of
peritoneal
metastatic lesions

Unknown

NCT05802056
(CONTROL) Grotz et al. [200] Phase

I

IP aldesleukin, IV
nivolumab and
systemic
Chemotherapy

15
Reduction in PCI,
AE, PFS, OS,
histological
response

Recruiting

NCT06016179
(RIOT2)

Wagner et al.
[201,202]

Phase
I

Intracavitary
injection of
tocilizumab

12

Successful
administration of
tocilizumab, AE,
pharmaco-kinetic
analysis,
biomarkers

Recruiting

NCT03323944 Aznar Gomez
et al. [203] Phase I

huCART meso cells
IV versus IP versus
intrahepatic
infusion

18 AE, PFS, OS, ObRR Recruiting

NCT04889768 Zhejiang Cancer
Hospital N/A

HIPEC,
camrelizumab,
chemotherapy,
and surgery

46 R0 resection, ObRR,
AE, DFS, OS Not yet recruiting

Abbreviations: AE—adverse events, DFS—disease free survival, IP—intraperitoneal, IV—intravenous,
N—number, ObRR—objective response rate, OS—overall survival, PCI—peritoneal carcinoma index, and
PFS—progression-free survival.

7.3. Vaccination and Immune Modulation

Therapeutic cancer vaccines are given to patients who have already been diagnosed
with cancer, unlike prophylactic vaccines that are given to healthy subjects [204]. Cancer
vaccines target antigens associated with tumor cells that are recognized as foreign by
the host immune system and ideally target antigens only on cancer cells, those that are
necessary for tumor survival, and are highly immunogenic [204]. Guo et al. reported
successful treatment of a patient with advanced metastatic gastric cancer with a person-
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alized neoantigen-loaded monocyte-derived dendritic cell vaccine [205]. Flatmark et al.,
introduced the concept of a peptide vaccine in patients with pseudomyxoma peritonei
(PMP) and GNAS mutations, [206] while Ramanathan et al., demonstrated that use of an
adjuvant dendritic cell vaccine was not efficacious in patients with PM undergoing CRS and
HIPEC [207]. Table 3 reports both completed and ongoing clinical trials that use immune
modulation or vaccination for potential treatment in GI malignancies.

Table 3. Summary of ongoing clinical trials involving vaccination or immune modulation in gastroin-
testinal malignancy.

Clinical Trial Researchers Phase Treatment Protocol Patients (N) Outcome Measures Status

Immune
Modulation

NCT03252938
(INSIGHT)

Al-Batran et al.
[208,209]

Phase
I

Intra-tumoral injection
of IMP321 alone or
bi-weekly IP injection of
IMP321

110

Feasibility rate, AE,
objective response
rate, PFS, OS,
immune response

Recruiting

NCT05751837
(RIOT1)

Lewis et al.
[210,211]

Phase
I

Intra-tumoral injection
of LPS 12 Safety and tolerability LPS was feasible

and safe

NCT03364400 Chen et al. [212] Phase
I

Escalating doses
of VT1021 116 Identify phase 2 dose,

AE, efficacy
DCR of 18% in
pancreatic cancer

NCT03812796
(EMERGE)

Cartwright et al.
[213,214] Phase II Domatinostat plus

Avelumab 75
Safe and tolerable
dose, objective
response rate

Recruiting

Vaccination

NCT03767582 Christenson et al.
[215] Phase I/II

Neoadjuvant/adjuvant
nivolumab and
BMS-813160 with or
without GVAX

30

Drug-related
toxicities, immune
response, OS, MFS,
LPFS, resectability
rate, pathological
response rate

Closed to accrual

NCT03784040
(da VINci) Choo et al. [216] Phase

I

OTSGC-A24 +
nivolumab or
OTSGC-A24 +
nivolumab +
ipilimumab

40 AE, response rate,
PFS, OS Unknown

NCT02919644
(COREVAX-1)

De Rosa et al.
[217] Phase II Autologous DC

vaccine + IL-2 19 AE, immunological
efficacy, RFS, OS Recruiting

NCT04248569 Kirk et al.
[218,219]

Phase
I

DNAJB1-PRKACA
peptide vaccine +
ipilimumab and
nivolumab

56

Drug-related
toxicities, change in
DNAJB1-PRKACA
CD8 and CD4 T cells,
ORR, DoR, DCR,
PFS, OS

Recruiting

NCT03558945 Khanniche et al.
[220,221]

Phase
I

Personalized
neoantigen vaccine 30 AE, RFS, OS Recruiting

NCT05968326
(IMCODE 003) Genentech [222] Phase II

Autogene Cevumeran +
atezolizumab =
mFOLFIRINOX

260 DFS, OS, AE Recruiting

Abbreviations: AE—adverse events, DC—dendritic cell, DCR—disease control rate, DFS—disease free sur-
vival, DoR—duration of response, IL—interleukin, IP—intraperitoneal, LPFS—local progression-free survival,
LPS—lipopolysaccharide, mFOLFIRINOX—modified leucovorin, 5-fluorouracil, irinotecan, and oxaliplatin,
MFS—metastasis free survival, N—number, ORR—overall response rate, OS—overall survival, PFS—progression-
free survival, and RFS—relapse/recurrence free survival.

7.4. Oncolytic Viral Therapy

In addition to direct tumor cell lysis, oncolytic viruses have the potential to indirectly
increase the effectiveness of T cells by stimulating the release of tumor-associated antigens,
inflammatory cytokines, and chemokines [2]. The first clinical trial of viruses in malig-
nancies was conducted in 1949 using hepatitis A virus [223]. Adenovirus, vaccinia virus,
herpes simplex virus (HSV), and reovirus are four oncolytic virus families that are currently
being studied in clinical trials, and in the modern era, the ideal virus is strategically selected
for a given tumor type [2]. The route of administration is also important, and a majority
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of studies focused on intra-tumoral injection [224]. Table 4 describes current clinical trials
utilizing oncolytic viral therapy in the management of GI malignancies.

Table 4. Summary of ongoing clinical trials involving oncolytic virotherapy in gastrointestinal malignancy.

Clinical Trial Researchers Phase Treatment Protocol Patients (N) Outcome Measures Status

NCT03866525 Zhang et al.
[134,225]

Phase
I/II

OH2 injection with or
without irinotecan
or HX008

300

DLT, MTD,
biodistribution and
biologic effect of OH2,
anti-
tumor activity and
immunogenicity of OH2

Recruiting

NCT05733611 Lenz et al.
[226,227]

Phase
II

RP2 or RP3 +
bevacizumab and
atezolizumab

4 ObRR, AE, OS, PFS,
DoR, CRR

Active, not
recruiting

NCT02749331
(RADNET)

Crona et al.
[228,229]

Phase
I/II

Infusion of AdVince
into intrahepatic artery 35

AE, change in tumor
size, change in tumor
metabolic activity, PFS

FDA orphan drug
designation

NCT02705196
(LOKON001)

Musher et al.
[230,231]

Phase
I/II

Intra-tumoral LOAd703
+ gemcitabine +
nab-paclitaxel with or
without atezolizumab

55 DLT, ORR, OS Recruiting

NCT03740256
(VISTA)

Wang et al.
[232,233]

Phase
I Intra-tumoral CAdVEC 45 DLT, ORR, DCR, OS,

PFS, AE Recruiting

NCT05124002 Wang, et al. [234] Phase IV FOLFOX + H101 66
PFS, one-year survival
rate, objective response
rate, DCR

Recruiting

NCT05823987
(OPTIONS-05) Wang et al. [235] Phase II H101 + tislelizumab +

Lenvatinib 25 Objective response rate,
DoR, PFS, OS, DCR, AE Recruiting

NCT03225989
(LOKON002)

Wenthe et al.
[236–238]

Phase
I/II

LOAd703 + SOC
chemotherapy or
gemcitabine immune
conditioning

46
AE, tolerability, OS, TTP,
PFS, systemic immune
activation

Objective clinical
activity in
advanced PDAC

NCT04046445
(KISIMA-01)

Lenz et al.
[239,240]

Phase
I

SC injection of ATP128 +
BI 754,091 or ATP128 +
BI 754,091 + VSV-GP128

96

AE, PFS, overall
response, confirm phase
2 dose,
DoR, BOR, RFS

Active, not
recruiting

NCT03252808 Hashimoto et al.
[241]

Phase
I

HF10 + gemcitabine +
Nab-paclitaxel or HF10
+
TS-1

36
DLT, AE, objective
response rate, PFS, OS,
one-year survival rate

Active, not
recruiting

Abbreviations: AE—adverse events, BOR—best overall response, DCR—disease control rate, DLT—dose-
limiting toxicity, DoR—duration of response, FOLFOX—5-fluorouracil (5-FU), leucovorin, oxaliplatin,
MTD—maximum tolerated dose, N—number, ObRR—objective response rate, ORR—overall response rate,
OS—overall survival, PDAC—pancreatic adenocarcinoma, PFS—progression-free survival, RFS—recurrence free
survival, SC—subcutaneous, SOC—standard of care, and TTP—time to progression.

7.5. Adoptive Cell Therapy

Current targets of ACT include CAR-T cells that focus on carcinoembryonic antigen
(CEA), HER-2, EpCAM, claudin 18.2, or mesothelin [242]. Kageyama et al. performed the
first human clinical trial using ACT of MAGE-A4 T cell receptor gene-transduced lym-
phocytes in patients with MAGE-A4-expressing esophageal cancer. Their results indicate
that the engineered T cells could be detected in peripheral blood of patients for up to
five months [148]. TIL therapy is also under development as a treatment strategy for GI
malignancy, although its efficacy has only been successfully demonstrated in melanoma
and ovarian cancer to date [149]. Ongoing clinical trials are primarily investigating the
combination of ACT with standard chemotherapy or immunotherapy regimens. Table 5
presents current clinical trials utilizing the technique of ACT in treating GI malignancies.
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Table 5. Summary of ongoing clinical trials involving adoptive cell therapy in gastrointestinal malignancy.

Clinical Trial Researchers Phase Treatment Protocol Patients (N) Outcome Measures Status

NCT03874897 Qi et al. [243,244] Phase
I

CAR-Claudin18.2 T
cells + toripalimab +
first-line chemotherapy

123 DLT, MTD
ORR of 57.4% in
gastric cancer
patients

NCT02869217 Butler et al.
[245,246]

Phase
I

Cyclophosphamide +
TBI-1301 + fludarabine
as retreatment vs.
double infusion

22 AE, RP2D Active, not
recruiting

NCT04684459 Ma et al. [247] Phase
I

Dual-targeting HER2
and PD-L1 CAR T cells 18 ORR, DoR Recruiting

NCT03198546 Pang et al. [248] Phase
I

GPC3 and/or TGFβ
targeting CAR T cells 30

DLT, best response,
median CAR T cell
persistence

Recruiting

NCT05098197
Shanghai Juncell
Therapeutics
[249]

Phase
I

Adoptive transfer of TIL
in hepatobiliary and
pancreatic cancer

50 AE, ORR, DCR, DoR,
PFS, OS, QOL Recruiting

NCT02490735
First People’s
Hospital of
Changzhou [250]

Phase II

Cytokine-induced killer
cells + chemotherapy
versus chemotherapy
alone

2000 PFS, OS Not yet recruiting

NCT04960072 Xu et al. [251] Phase
I

Adoptive transfer of TIL
in advanced GI cancers 50 ORR, DCR, DoR, PFS,

OS, QOL Recruiting

NCT05438797 Wang et al. [252] Phase
I

Adoptive TIL-TCM
transfer therapy 3 DLT, MTD, AE, ORR,

DoR, PFS Unknown

NCT01174121 Rosenberg et al.
[253] Phase II

CD8+ TIL vs.
unselected TIL +
aldesleukin +
cyclophosphamide +
fludarabine; unselected
TIL + pembrolizumab

332
RR, safety of
pembrolizumab + TIL,
AE

Recruiting

NCT04426669 Mukherjee et al.
[254,255]

Phase
I/II CISH CRISPR TIL 20 MTD, efficacy, safety,

PFS, OS, toxicity
Active, not
recruiting

NCT06251973 Cytryn et al. [256] Phase II

agenT-797,
Botensilimab,
Balstilimab,
Ramucirumab,
Paclitaxel

37 Overall RR Recruiting

Abbreviations: AE—adverse events, CAR—chimeric antigen receptor, CISH—cytokine-induced SH2,
CRISPR—clustered regularly interspaced short palindromic repeats, DCR—disease control rate, DLT—dose-
limiting toxicity, DoR—duration of response, GI—gastrointestinal; GPC3—glypican-3, HER—human epidermal
growth factor receptor, MTD—maximum tolerated dose, N—number, ORR—objective response rate, OS—overall
survival, PFS—progression-free survival, QOL—quality of life, RP2D—recommended phase II dose, RR—response
rate, TCM—central memory T cells, TGF—transforming growth factor, and TIL—tumor infiltrating lymphocytes.

8. Conclusions
Despite advances in traditional treatment options for GI malignancies, prognosis re-

mains poor, particularly in advanced or metastatic disease. Immunotherapy has become the
standard of care in various skin, breast, and hematologic malignancies, and has become a
promising approach for treating GI malignancies. However, the promise of immunotherapy
beyond ICIs remains to be fully realized in GI malignancies.

A large array of combinations of systemic chemotherapy, radiation, ICIs, cancer
vaccines, and other T cell-based therapies has also shown encouraging early results in
GI malignancies (Figure 2). Despite these advancements, several challenges still exist.
Different tumor characteristics and tumor microenvironment make certain ICIs ineffective
in some tumors. For example, ICIs are more effective in colorectal cancer patients with MSI
or MMR deficiencies. This requires use of ICIs and other immunotherapy techniques in
combination. Although the combination may synergistically increase tumor cell death, the
number of adverse events and the impact on quality of life is not well studied.
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Figure 2. Immunotherapy for gastrointestinal malignancies. Immunotherapy for gastrointestinal
malignancies includes agents with a broad range of mechanisms of action. These include immune
checkpoint inhibition, cytokine therapy, vaccines, oncolytic viral therapy, and cellular therapy.

The tumor microenvironment can diminish or inhibit T cells and other cells involved
in cell-based therapy. Processes for large-scale development of CAR-T or CAR-NK cells
are lacking, and future studies must be performed to determine methods to optimize the
production of these cell products. Additionally, clinical trials comparing the different
immunotherapy techniques are needed to determine the ideal treatment for different GI
malignancies. The development of these and other therapies aimed at modulating the tumor
immune microenvironment could eventually lead to a personalized approach to cancer
treatment and ultimately better outcomes in patients with advanced GI malignancies.
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