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Abstract: Esophageal cancer is one of the most prevalent diseases in the world, and its prognosis remains poor.
Surgery, chemotherapy, and radiotherapy are the most common treatment strategies for esophageal cancer. Al-
though these conventional treatment methods are sometimes beneficial, patients with esophageal cancer still have
a high risk of local relapse and metastasis. Thus, novel and effective therapies are needed. Immune checkpoint
inhibitors are a type of immunotherapy being studied as a treatment for patients with advanced cancers, and
strategies using such inhibitors have rapidly progressed to be recognized as transformative treatments for various
cancers in recent years. Immune checkpoint inhibitors combined with chemotherapy or radiotherapy have become
the first-line and second-line treatment strategies for advanced esophageal cancer. In addition, immune checkpoint
inhibitors have also been recognized as another option for patients with terminal esophageal cancer who cannot
benefit from chemotherapy, and they even have potential benefits as a novel neoadjuvant treatment option for
locally advanced esophageal cancer. Currently, there are two types of immune checkpoint inhibitors commonly
applied in clinical practice: immune checkpoint inhibitors targeting programmed death 1/programmed cell death
ligand 1 and immune checkpoint inhibitors targeting cytotoxic T-lymphocyte-associated protein 4. However, cytotoxic
T-lymphocyte-associated protein 4 immune checkpoint inhibitors are rarely used compared with programmed death
1/programmed cell death ligand 1 inhibitors in esophageal cancer and other cancers, and the clinical benefit is un-
clear. We analyzed and summarized the efficacy and safety of cytotoxic T-lymphocyte-associated protein 4 immune
checkpoint inhibitors in the treatment of esophageal cancer. Due to the lack of clinical applications, it is expected
that cytotoxic T-lymphocyte-associated protein 4 immune checkpoint inhibitors in combination with other treatments
may provide superior benefits and improve the prognosis of patients with esophageal cancer.
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Introduction point cytotoxic T-lymphocyte-associated anti-
gen 4 (CTLA-4/CD152) has recently been ac-
tively investigated. This molecule is expressed
on the surface of T cells, where it induces inhibi-

tory signaling. When EC cells have high expres-

With an estimated 604,100 new cancer cases
and 544,000 deaths, esophageal cancer (EC)
was the seventh most common cancer and the

sixth leading cause of cancer death worldwide
in 2020 [1]. Smoking, heavy alcohol use, and
Barrett's esophagus can increase the risk of
EC. China had more than 50% of all new cases
in 2020 [2]. A meta-analysis revealed that neo-
adjuvant immunotherapy in patients with local-
ly advanced EC was safe and effective [3].
Therefore, it is essential to explore the mecha-
nism of immune checkpoint inhibitors (ICls) for
the management of EC. The immune check-

sion of CTLA-4, they will not be attacked and
killed by T cells [4]. Moreover, EC cells can
evade immune surveillance by inducing the
activation of diverse immunosuppressive cell
subsets via other mechanisms. CTLA-4 was
identified by Pierre Goldstein and colleagues as
a second receptor for the T-cell costimulatory
ligand B7 [5]. In 1995, it was confirmed to be an
inhibitor of T-cell responses [6]. James P. Allison
et al. found that CTLA-4 blockade can potenti-
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Figure 1. Major immunosuppressive cell subsets in the tumor microenvironment of EC. A. TAMs can produce various
tumor-associated factors, such as TGF-B, IL-10, and colony-stimulating factor-1 (CSF-1). B. MDSCs inhibit T-cell effec-
tor function via increased ARG1 levels. C. STAT3 plays a crucial role in IL.-6 and IL-8 secretion, leading to downregula-
tion of the expression of natural cytotoxicity triggering receptor 3 (NKp30) and NK cell lectin-like receptor subfamily
K (NKG2D) receptors on the surface of NK cells, ultimately impairing their function. D. Tregs are a heterogeneous
subset of immunosuppressive T cells that produce inhibitory cytokines such as IL-10 and TGF-3 to enhance immune

tolerance and cell contact-based growth suppression.

ate effective immune responses against tumor
cells in 1996 [7]. After years of study, the first
anti-CTLA-4 monoclonal antibody, ipilimumab,
was approved for melanoma treatment by the
Food and Drug Administration (FDA). In this
review, we focus on the correlation between
CTLA-4 and clinical prognosis and further
explore the possible mechanisms of anti-
CTLA-4 antibodies in EC.

Major immunosuppressive cell subsets in the
tumor microenvironment of EC

The tumor microenvironment (TME) comprises
many different components, including prolifer-
ating cancer cells, a wide variety of immune
and stromal cells, and connective tissue that
provides physical support within the TME.
Tumors can induce the activation of diverse
immunosuppressive cell subsets through mul-
tiple mechanisms. For example, esophageal
squamous cell carcinoma (ESCC) can have a
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lower number of infiltrated B cells compared
with adjacent TME tissues. Moreover, LAMP3+
dendritic cells (DCs) have higher activity and
migration ability than other DC subsets in the
TME can inhibit the immune response by
expressing many regulatory molecules, such
as indoleamine 2,3-dioxygenase 1 (IDO1) and
IL10 [8]. Furthermore, tumor-associated neu-
trophils (TANs), as the most abundant circulat-
ing leukocytes, usually transform into type 2
neutrophils (N2s) during tumor progression.
This subset can promote tumor progression by
regulating the proliferation of cancer cells [9].
We briefly describe the impact of primary
immune-related cells on tumor tissues (Figure
1).

Tumor-associated macrophages
Tumor-associated macrophages (TAMs) are in

tumor tissues. They can produce various tu-
mor-associated factors, such as transforming
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growth factor beta (TGF-B), interleukin 10 (IL-
10), and colony-stimulating factor-1 (CSF-1). For
example, in ESCC, CSF-1 can support tumori-
genesis and recruit M2 macrophages to inhibit
the acquired immune response [10].

Myeloid-derived suppressor cells

Myeloid-derived suppressor cells (MDSCs) are
some of the most crucial immunosuppressive
cells in the TME, including immature macro-
phages, neutrophils, and dendritic cells. They
can produce IL-6 or mediate signaling pathways
to influence the immune response. Moreover,
MDSCs inhibit T-cell effector function via in-
creased arginase 1 (ARG1) levels [11]. A study
showed that high infiltration of MDSCs is asso-
ciated with poor prognosis in patients with EC
[12].

Natural killer cells

Natural killer (NK) cells are innate immune cells
with potent cytolytic activity against EC tumor
cells [13]. However, in ESCC, signal transducer
and activator of transcription 3 (STAT3) plays a
crucial role in IL-6 and IL-8 secretion, leading to
the downregulation of the expression of natural
cytotoxicity triggering receptor 3 (NKp30) and
NK cell lectin-like receptor subfamily K (NKG2D)
receptors on the surface of NK cells, ultimately
impairing their function [14].

Regulatory T cells

Regulatory T (Treg) cells serve as a heteroge-
neous subset of immunosuppressive T cells
that produce inhibitory cytokines such as IL-10
and TGF-B to enhance immune tolerance and
cell contact-based growth suppression [15,
16]. CTLA-4 expressed on Treg cells can down-
regulate costimulatory signaling (CD28-CD80/
CD86), which ultimately leads to failure of T-cell
activation [17]. Furthermore, the interaction of
Tregs and other cell subsets also have an influ-
ence on the immune response in the TME. For
example, Tregs and MDSCs can secrete immu-
nosuppressive factors such as vascular endo-
thelial growth factor and TGF-B. These compo-
nents inhibit the functions of DCs and transfer
macrophages to the M2 phenotype to further
promote cancer development [18]. Moreover,
Tregs suppress polyclonal T-cell activation in
vitro by inhibiting IL-2 production [19]. Infiltra-
tion of Tregs limits recruitment of NK cells and
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CD8+ T cells in tumor tissues, which also leads
to tumor cells evading surveillance by the
immune system [20]. In this review, we focus
on the correlation between CTLA-4 and clinical
prognosis and further explore the possible
mechanisms of anti-CTLA-4 antibodies in EC.

CTLA-4 expression in tumor-infiltrating lym-
phocytes targeting tumor cells

Treg cells are important for tumor immune tol-
erance in the TME. Tumor-infiltrating lympho-
cytes (TILs) can generate host immunity against
cancer and affect the prognosis of cancer,
mainly consisting of tumor-specific T cells,
including CD4+ and CD8+ T cells. CD8+ T cells
induce cytotoxicity or apoptosis of tumor cells,
while CD4+ T cells can differentiate into T help-
er 2 (Th2) cells, Th17 cells, and Treg cells, which
secrete cytokines to participate in the antitu-
mor immune response [21]. However, CTLA-4
can weaken the capacity of cytotoxic T cells to
Kill tumor cells, especially CD8+ T cells. A pan-
cancer study indicated that high CTLA-4 levels
significantly reduced the degree of infiltration
of CD8+ T cells in cancer [22]. In addition,
CTLA-4 can promote the proliferation and
growth of tumor cells according to a study by
Andreas Herrmann et al. [23]. Additionally, the
interactions of CTLA-4 and CD86 can promote
Ki-67 antigen expression, resulting in the prolif-
eration and growth of tumor cells. Recently,
Chen et al. further demonstrated that IL1 re-
ceptor 2 (IL1R2) deficiency in Treg cells leads
to decreased Treg cell numbers and increased
CD8+ T-cell numbers in the TME. Treg cells and
cancer-associated fibroblasts (CAFs) are known
to interact and influence the differentiation of
each other in the TME [24].

CTLA-4 expression in T cells

CTLA-4 (CD152) is an immune checkpoint mol-
ecule mainly expressed on the surface of Treg
cells and activated T cells [25-27]. CTLA-4 is
homologous to CD28 and has high affinity for
CD80/CD86, which conveys an inhibitory signal
to T cells. The underlying mechanism is as
follows:

(D The CD28-CD80/CD86 interaction serves
as a costimulatory signal for T-cell activation
and proliferation, while CTLA-4-CD80/CD86
binding acts as a coinhibitory signal to thwart
T-cell activation [28]. Furthermore, this coin-
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Figure 2. The expression and function of CTLA-4. A. CTLA-4 is expressed on the surface of conventional T cells. Tregs
interact with the ligands CD80 and CD86 to enhance adhesion and deplete CD80 and CD86 by removing them from
antigen-presenting cells (APCs) through transendocytosis, thereby reducing their availability for CD28 engagement.
B. CTLA-4 expressed on the surface of Tregs interacts with its ligands CD80 and CD86 to enhance adhesion and
deplete CD80 and CD86 by removing them from the surface of antigen-presenting cells (APCs) through transendo-
cytosis, thereby reducing their availability for CD28 engagement, which inhibits T-cell activation and further impacts

the ability of T cells to kill tumor cells.

hibitory signal may counteract the first and sec-
ond signals for T-cell activation (T-cell receptor-
major histocompatibility complex (TCR-MHC)
binding and CD28-CD80/CD86) [29, 30].

2 CTLA-4 expressed on the surface of conven-
tional T cells interacts with its ligands CD80
and CD86 to enhance adhesion and deplete
CD80 and CD86 by removing them from the
surface of antigen-presenting cells (APCs) th-
rough transendocytosis, thereby reducing their
availability for CD28 engagement [31]. This
phenomenon can also be seen in CTLA-4+ Treg
cells, which inhibit T-cell activation and further
impact the ability of T cells to kill tumor cells
[17] (Figure 2).

(® CTLA-4 is an intracellular protein, and its
immunoreceptor tyrosine-based inhibitory mo-
tif (ITIM) domain inhibits protein phosphatase
2A (PP2A) and phosphatidylinositol 3-kinase
(PI3K) or recruits src homology two domain-
containing protein tyrosine phosphatase-2
(SHP-2) to deactivate Akt to inhibit further
RAS/MEK/ERK signaling in T cells [32, 33]
(Figure 3).

@ In addition, CTLA-4 also inhibits T-cell activa-
tion by extrinsic mechanisms, including induc-
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tion of indoleamine 2,3-dioxygenase (IDO) th-
rough its ligands, stimulation of the production
of regulatory cytokines such as TGF-B [31],
interference with the production of IL-2 [34],
and effects on cyclin D3, cyclin-dependent
kinase (CDK)4, and CDK6 [35].

In summary, CTLA-4 serves as the immune
system’s “off” switch, negatively regulating the
proliferation of T cells through the above path-
ways, which limits the efficacy of immunothera-
py in cancer.

Correlation between CTLA-4 and clinical prog-
nosis in EC

A retrospective study showed that positive
expression of CTLA-4 in tumor tissues was sig-
nificantly correlated with lymph node metasta-
sis of ESCC (P=0.002). Patients who develop
lymph node metastases tend to have a shorter
overall survival (0S). In contrast, the median
overall survival (mOS) of patients with positive
expression of CTLA-4 was higher than that of
patients with negative expression (35 months
vs. 28 months, P=0.162) in 161 patients with
ESCC, but the difference was not significant.
The results of this study may not be represen-
tative due to the small sample of patients with
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Figure 3. Signaling pathway of CTLA-4 in T cells. The
ITIM domain inhibits PP2A and PI3K or recruits SHP-
2 to deactivate Akt to inhibit further RAS/MEK/ERK
signaling in T cells.

negative expression of CTLA-4 (eighteen cas-
es) [36]. CTLA-4 expression is also significan-
tly increased in esophageal adenocarcinoma
(EAC) according to a study by Wagener-Ryczek
et al. However, the study did not indicate a cor-
relation between CTLA-4 expression and the
survival of patients with EAC [37]. Similarly,
another study also revealed no significant cor-
relation between the expression level of CTLA-
4 and the OS of patients with ESCC (P=0.453).
However, patients with both low expression of
CTLA-4 and a low platelet lymphocyte ratio
(PLR) had superior OS (P=0.023) [38]. Notably,
a study by Zhang et al. showed a different
result: the OS of CTLA-4-positive patients with
ESCC was significantly shorter than that of
CTLA-4-negative patients, and there was a sta-
tistically significant difference (36 months vs.
65 months, P<0.001). In addition, CTLA-4 ex-
pression in tumor specimens was positive (+)
in 87% (137/158) of patients with ESCC.
Elevated expression of CTLA-4 (++/+++) was
observed in 52.6% (72/137) of samples ex-
pressing CTLA-4, and the study further indicat-
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ed that elevated expression of CTLA-4 was
associated with poor prognosis in ESCC [39].
Similarly, other studies have indicated that
CTLA-4 expression is increased in tumors and
peritumoral specimens of EAC or ESCC pa-
tients, and this increased or high expression
was found to be significantly associated with
worse OS [40-42] (Table 1). In addition, a meta-
analysis indicated that there is no significant
correlation between CTLA-4 and OS in patients
with cancer [43], but many studies have shown
that CTLA-4 is correlated with OS. For example,
CTLA-4 is negatively correlated with OS and
PFS in colorectal cancer, breast cancer, kidney
renal clear cell carcinoma, glioma, thymoma,
nasopharyngeal carcinoma, pancreatic adeno-
carcinoma, and spinal chordoma [22, 42, 44-
50]. In contrast, CTLA-4 is positively correlated
with prognosis in colon adenocarcinoma, skin
cutaneous melanoma, uterine corpus endome-
trial carcinoma, head-neck squamous cell car-
cinoma, and mesothelioma [22, 42, 51]. How-
ever, there is not enough evidence from the
above studies suggest that the expression
level of CTLA-4 in EC tumor tissues can influ-
ence the OS of patients. The lack of evidence
may be related to the source of specimens, the
clinical EC classification and histologic subtyp-
ing schemes used, and the employed patient
treatment strategies. Based on the effect of
CTLA-4 on immune cells, we speculate that the
expression level of CTLA-4 in tumor tissues is
negatively correlated with the prognosis of
patients with EC, and patients with increased
CTLA-4 expression may benefit from an im-
mune checkpoint inhibitor targeting CTLA-4.
However, this correlation needs to be further
confirmed by more clinical studies.

Clinical application of anti-CTLA-4 monoclonal
antibodies in EC

Efficacy and safety of anti-CTLA-4 antibody
monotherapy

Currently, there are three types of anti-CTLA-4
monoclonal antibodies: ipilimumab, tremelim-
umab, and quavonlimab. Ipilimumab is a re-
combinant human immunoglobulin G1 (IgG1)
monoclonal antibody approved for use in the
treatment of melanoma. Quavonlimab is also a
humanized 1gG1 monoclonal antibody and has
been investigated in clinical trials, while tre-
melimumab is a human IgG2 immunoglobulin

Am J Cancer Res 2023;13(7):3140-3156
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Table 1. Correlation between CTLA-4 expression and overall survival

Overall survival (OS)/median

Author Cancer type Sex Age (years) Level of CTLA-4 expression in tumor tissue ) P values
yp ge (y ) P overall survival (mOS*)

Zhijun Chen et al., 2020 (36) ESCC Males: 119 >60: 116 Proportion of cells with positive expression of CTLA-4: 88.2% CTLA-4 positive patients: 35 months* 0.162
Females: 42 <60: 45 CTLA-4 negative patients: 28 months*

Svenja Wagener-Ryczek et al., 2020 (37) EAC Males: 41 >50: 43 CTLA-4 expression was 3.5-4-fold increased in esophageal / /
Females: 6 <50:4 tumor specimens compared to normal tissues

Cui-Ying Zhang et al., 2019 (38) ESCC Males: 74 Average: 60 Proportion of cells with positive expression of CTLA-4: 48.8% / 0.453
Females: 10

Xiao-Fei Zhang et al., 2016 (39) ESCC Males: 126 <56: 97 Proportion of cells with positive expression of CTLA-4: 87% CTLA-4-positive patients: 36 months; <0.001*
Females: 32 >56: 61 CTLA-4-negative patients: 65 months

Wenjia Wang et al., 2019 (40) ESCC Males: 147 <65: 106 Higher in ESCC than normal tissues Patients with high expression < patients  <0.001*
Females: 36  >65: 77 with low expression

Karl-Frederick Karstens et al., 2020 (41) EAC Males: 36 Average: 61.9 Higher in EAC than normal tissues Patients with high expression < patients /
Females: 3 with low expression

EAC, esophageal adenocarcinoma; ESCC, esophageal squamous cell carcinoma; CTLA-4, cytotoxic T-lymphocyte-associated protein 4; OS, overall survival; mOS*, median overall survival; *P<0.05.
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monoclonal antibody that has been investigat-
ed in phase lll clinical trials [52, 53].

Ipilimumab: Bang et al. evaluated the efficacy
of ipilimumab (Y group) and best supportive
care (BSC group, with continuation of fluoropy-
rimidine) among 143 patients with esophago-
gastric junction (EGJ) cancer who had previous-
ly received first-line chemotherapy with flu-
orouracil. Patients treated with ipilimumab
achieved a shorter progression-free survival
(PFS) than those treated with BSC, 2.9 months
and 4.9 months, respectively. The mOS was
12.7 and 12.1 months in the Y and BSC groups,
respectively. The rates of immune-related ad-
verse events (irAEs) were 72% and 56% in the Y
group and BSC group, respectively, and irAEs
included itching (31.6%), diarrhea (24.6%),
fatigue (22.8%), rash (17.5%), etc. [54, 55].

Tremelimumab: Similarly, tremelimumab mo-
notherapy is not as good as a second-line treat-
ment in EAC. In one study, eighteen patients
who had failed at least one platinum-based
chemotherapy received tremelimumab (15 mg/
kg) every 90 days until disease progression.
One patient achieved partial response (PR),
four patients achieved stable disease (SD), the
mOS was 4.8 months, the objective response
rate (ORR) was 5%, and most patients had mild
adverse reactions (pruritus 50%, erythema
33% and eosinophilia 33%) [56] (Table 2).

In addition, quavonlimab has not been studied
in clinical trials for EC. In summary, there are
few studies on CTLA-4 inhibitor monotherapy in
EC, and thus far, these agents as monotherapy
have not produced superior outcomes. Most
studies have focused on CTLA-4 inhibitors
combined with PD-1/PD-L1 inhibitors or che-
motherapy rather than CTLA-4 inhibitor mono-
therapy.

The efficacy and safety of anti-CTLA-4 antibody
combination therapy

Ipilimumab plus nivolumab: Nine hundred sev-
enty patients with ESCC were randomly enroll-
ed at a 1:1:1 ratio to receive nivolumab (PD-1
inhibitor) plus chemotherapy, nivolumab plus
ipilimumab, or chemotherapy as described
above in the phase Ill CheckMate648 clinical
trial. The mOS was 13.2 months, 12.7 months,
and 10.7 months (P<0.05) and the ORRs were
47%, 28%, and 27% in the nivolumab plus che-
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motherapy, nivolumab plus ipilimumab, and
chemotherapy groups, respectively. However,
the difference in PFS between the groups was
not statistically significant. Interestingly, the
incidence of grade 3 or 4 irAEs in the nivolu-
mab plus ipilimumab group (32%) was lower
than that in the chemotherapy group (36%)
and that in the nivolumab plus chemotherapy
group (47%). In addition, the nivolumab plus ipi-
limumab group had the longest median dura-
tion of response (DOR) (11.1 months) com-
pared with the nivolumab plus chemotherapy
group (8.2 months) and chemotherapy group
(7.1 months) [57, 58]. A single-arm, phase |l
study conducted by Park et al. suggested that
the application of dual ICls (durvalumab, a
PD-L1 inhibitor, and tremelimumab, a CTLA-4
inhibitor) with concurrent chemoradiotherapy
(CCRT) achieved promising efficacy in locally
advanced ESCC. Forty patients were enrolled
in the study group. In comparison, 75 patients
were matched in the historical control group,
and the 24-month PFS and OS of the study
group were significantly higher than those of
the historical control group (57.5% vs. 44.6%,
P=0.4; 75% vs. 59.2%, P=0.43, respectively)
[59]. Other trials have assessed the efficacy
and safety of dual ICls in EGJ cancer. A study
by Shitara et al. suggested that the mOS (11.7
months vs. 11.8 months), PFS (2.8 months vs.
7.1 months), and ORR (23% vs. 47%) were not
better or even worse in the nivolumab plus ipili-
mumab group than in the chemotherapy group
in EC. In contrast, the incidence of grade 3/4
irAEs was lower (38% vs. 46%), and the median
DOR was longer with nivolumab plus ipilimum-
ab versus chemotherapy (13.8 vs. 6.8 mon-
ths) [60]. The phase I/ll CheckMate-032 trial
indicated that nivolumab plus ipilimumab has
potential as a therapeutic strategy for meta-
static esophagogastric cancer (EGC). In that
clinical trial, 160 patients were randomly
assigned to three groups to receive nivolumab
3 mg/kg (N3 group); nivolumab 1 mg/kg plus
ipilimumab 3 mg/kg (N1+13 group); or nivolum-
ab 3 mg/kg plus ipilimumab 1 mg/kg (N3+I1
group). In the N3 group, the N1+I3 group, and
the N3+I1 group, the mOS was 6.2 months, 6.9
months, and 4.8 months; the ORR was 12%,
24%, and 8%; and the median PFS was 1.4
months, 1.6 months, and 1.4 months, respec-
tively. It is encouraging that patients in the
N1+13 group had the highest ORR compared
with those in the other two groups. However,
the dual ICI groups had a higher incidence of
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Table 2. Results of anti-CTLA-4 antibodies and other treatments in esophageal, esophagogastric junction, and esophagogastric cancer

Patient  Cancer ) ) Immune-related adverse events
Study . Treatment arms Primary end point
population  type Any grade Grade 3/4
Yung-Jue Bang 143 EGJ Y group: Ipilimumab Ipilimumab: Ipilimumab:
etal., 2017 (54) Ipilimumab 10 mg/kg every 3 weeks PFS 2.9 months (18.3%) Pruritus (31.6%) Fatigue (8.8%)
for four doses, then 10 mg/kg every 12 mOS 12.7 months Diarrhea (24.6%) Rash (5.3%)
weeks for up to 3 years BSC Fatigue (22.8%) BSC:
BSC group: PFS 4.9 months (38.5%) Rash (17.5%) Palmar-plantar erythrodysesthesia (4.4%)
fluoropyrimidine mOS 12.1 months BSC:
Fatigue (17.8%)
Asthenia (17.8%)
Palmar-plantar erythrodysesthesia (15.6%)
Christy Ralph 18 EAC  Tremelimumab (15 mg/kg/90 days) Tremelimumab Pruritus (50%) /
etal., 2010 (56) mOS 4.8 months Rash (33%)
ORR 5% Diarrhea and/or fatigue (28%)
Yuichiro Doki 970 ESCC  Nivolumab Nivolumab plus ipilimumab Nivolumab plus Ipilimumab: Nivolumab plus ipilimumab: (32%)
etal., 2022 (57) plus ipilimumab (322): 3 mg/kg every  mOS 12.7 months Diarrhea (10%) Chemotherapy: (36%)
2 weeks plus 1 mg/kg every 6 weeks ORR 28% Fatigue (9) Nivolumab plus chemotherapy: (47%)
Chemotherapy (304) DOR 11.1 months Rash (17%)
Nivolumab plus chemotherapy (310): Chemotherapy Chemotherapy:
240 mg every 2 weeks plus chemo- mOS 10.7 months Diarrhea (15%), fatigue (16%), rash (2%)
therapy consisting of a 4-week cycle ORR 27% Nivolumab plus chemotherapy:
of intravenous fluorouracil at a dose DOR 7.1 months Diarrhea (19%)
of 800 mg per square meter of body- Nivolumab plus chemotherapy Fatigue (20%)
surface area on days 1 through 5and  mOS 13.2 months Rash (8%)
intravenous cisplatin at a dose of 80 ORR 43%
mg per square meter on day DOR 8.2 months
Sehhoon Park 40 ESCC  CCRT plus immunotherapy: CCRT plus immunotherapy: Rash (42.5%) 20%
etal., 2022 (59) after completing CCRT plus immuno- PFS (rate) 57.5% Pruritus (57.5%)
therapy, patients received 2 cycles OS (rate) 75% Diarrhea (5%)
of consolidative durvalumab and Fatigue
tremelimumab followed by durvalumab
monotherapy every 4 weeks for 2 years
Kohei Shitara 3,185 EGC  Nivolumab plus ipilimumab Nivolumab plus ipilimumab Nivolumab plus ipilimumab: (12.8%) Nivolumab plus ipilimumab: (38%)

etal., 2022 (60)
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Chemotherapy
Nivolumab
plus chemotherapy

PFS (rate) 20%

mOS 11.7 months
Chemotherapy

PFS (rate) 24%

mOS 11.8 months

Nivolumab plus chemotherapy
PFS (rate) 20%

mOS 13.8 months

Chemotherapy: (24.7%)
Nivolumab plus chemotherapy: (38.24%)

Increased lipase (7%)
Chemotherapy: (46%)
Neutropenia (13%)

Nivolumab plus chemotherapy:
60%

Neutropenia (15%)

Am J Cancer Res 2023;13(7):3140-3156



Yelena Y Janjigian
etal.,, 2018 (62)

Ronan J. Kelly
etal., 2019 (63)

Megan Greally
etal., 2019 (64)

Ongoing trials:

160

63

161

EGC

EGJ)

EGC

CTLA-4 and its inhibitors in esophageal cancer

Nivolumab 3 mg/kg (NIVO3):
intravenously every 2 weeks
Nivolumab 3 mg/kg plus ipilimumab 1
mg/kg (NIVO3+IPI1): every 3 weeks for
four cycles

Nivolumab 1 mg/kg plus ipilimumab 3
mg/kg (NIVO1+IPI3): every 3 weeks for
four cycles

Arm A:

durvalumab 20 mg/kg plus tremelim-
umab 1 mg/kg Q4W for four cycles, fol-
lowed by durvalumab 10 mg/kg Q2W
Arm B:

durvalumab monotherapy (10 mg/
kg) Q2w

Arm C:

tremelimumab monotherapy (10 mg/
kg) Q4W for seven doses and then
every 12 weeks for two doses for a
total of up to 9 doses

Anti-CTLA4 mAb+anti-PD-1/PD-L1 mAb
Anti-PD-1/PD-L1 mAb

Nivolumab

PFS 1.4 months

0S 6.2 months

ORR 12%

Nivolumab (3 mg/kg) plus ipilimumab
(1 mg/kg):

PFS 1.4 months

0S 4.8 months

ORR 8%

Nivolumab (1 mg/kg) plus ipilimumab
(3 mg/kg):

PFS 1.6 months

0S 6.9 months

ORR 24%

Tremelimumab:

PFS (rate) 20%

OS (rate) 8.3%

mOS 7.7 months

ORR 8.3%
Durvalumab:

PFS (rate) 0%

0S (rate) 0%

ORR 0%

mOS 3.4 months
Durvalumab plus tremelimumab:
PFS (rate) 6.1%

OS (rate) 7.4%

mOS 9.2 months
ORR 7.4%
Anti-CTLA4+anti-PD-1/PD-L1 mAb:
PFS 1.9 months

0S 8.8 months
Anti-PD-1/PD-L1 mAb:
PFS 1.6 months

0S 4.3 months

NCT02872116 EGJ Experimental: Arm A: Nivolumab + Ipilimumab; Arm B: Chemotherapy

NCT03437200 EC Experimental: Arm A: Chemoradiation + Nivolumab; Arm B: Chemoradiation + Nivolumab + Ipilimumab
NCT03647969 EGC Experimental: Arm A: Chemotherapy/Nivolumab/Ipilimumab A/A1; Arm B: Chemotherapy/Nivolumab/Ipilimumab sequential A2; Arm C: Chemotherapy/Nivolumab C
NCT03416244 ESCC Experimental: Arm A: Nivolumab/Ipilimumab combination treatment; Arm B: Nivolumab monotherapy

Nivolumab:

Pruritus (17%)

Diarrhea (15%)

Fatigue (34%)

Rash (8%)

Nivolumab (3 mg/kg) plus ipilimumab
(1 mg/kg):

Pruritus (23%)

Diarrhea (10%)

Fatigue (19%)

Rash (15%)

Nivolumab (1 mg/kg) plus ipilimumab
(3 mg/kg):

Pruritus (18%)

Diarrhea (31%)

Fatigue (29%)

Rash (20%)

Rash, Pruritus, Diarrhea, Fatigue
Tremelimumab: 66.7%

Durvalumab: 33.3%

Durvalumab plus tremelimumab: 70.4%

Skin toxicity (47%)
hypothyroidism (19%)

Nivolumab:

Pruritus (0%)

Diarrhea (2%)

Fatigue (2%)

Rash (0%)

Nivolumab (3 mg/kg) plus ipilimumab
(1 mg/kg):

Pruritus (0%)

Diarrhea (2%)

Fatigue (0%)

Rash (0%)

Nivolumab (1 mg/kg) plus ipilimumab
(3 mg/kg):

Pruritus (2%)

Diarrhea (14%)

Fatigue (6%)

Rash (0%)

Tremelimumab: 58.3%

Durvalumab: 0%

Durvalumab plus tremelimumab: /

Hepatitis (47%)
Colitis (47%)

EAC, esophageal adenocarcinoma; EGC, esophagogastric cancer; ESCC, esophageal squamous cell carcinoma; EGJ, esophagogastric junction; CTLA-4, cytotoxic T-lymphocyte-associated protein 4; PD-1, programmed death receptor 1; PD-L1, pro-
grammed cell death-ligand 1; CCRT, concurrent chemoradiotherapy; PFS, progression-free survival; OS, overall survival; mOS, median overall survival; ORR, objective response rate; BSC, best supportive care.
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irAEs (84% in the N1+I3 group, 75% in the
N3+I1 group) than the nivolumab group (69%).
The N1+I3 group had the highest incidence of
grade 3 or 4 irAEs (47%), which might be the
result of a dose-dependent nivolumab-mediat-
ed immune response [61, 62].

Other combination therapy strategies: In a
phase Ib/ll clinical trial in patients with ad-
vanced EGJ cancer, 63 second-line patients
were randomly divided into three groups to
receive durvalumab plus tremelimumab (arm
A), durvalumab alone (arm B) or tremelimumab
(@arm C) alone. The mOS was higher in arm A
(9.2 months) than in the other arms (3.4
months in arm B and 7.7 months in arm C), and
the overall response rates were 7.4%, 0%, and
8.3% inarm A, arm B, and arm C, respectively.
However, there were no significant differences
among the treatment groups in ORR or PFS. In
addition, irAEs were observed in 70.4%, 33.3%,
and 66.7% of patients in arms A, B, and C,
respectively. This study showed that response
rates were low in patients with EGJ cancer
regardless of therapy type (monotherapy or ICI
combination strategies). However, the combi-
nation therapy (arm A) group had the highest
OS rate at 12 months compared with arms B
and C (37.0%, 4.6%, and 22.9%, respectively)
[63] (Table 2). Greally et al. divided 161 pa-
tients with advanced EGC into two arms. One
arm had 110 patients who were treated with
PD-1/PD-L1 inhibitors, while the other had 51
patients who received anti-CTLA-4 and anti-
PD-1/PD-L1 antibodies. Notably, the mOS was
8.8 months in the latter arm versus 4.3 months
in the former arm (P=0.008). However, there
was no significant difference in median PFS
(1.6 vs. 1.9 months, P=0.208). Additionally, 43
patients had irAEs, which were positively asso-
ciated with OS [64].

Other ongoing clinical trials: Other ongoing
phase II/lll clinical trials comparing survival
time in patients with EC who received nivolum-
ab plus ipilimumab, nivolumab plus chemother-
apy, or chemotherapy alone should help to an-
swer questions regarding the relative efficacy
and safety of the two combination strategies
[NCT02872116, NCT03437200, NCT036479-
69, NCT03416244]. Several studies in mela-
noma, colorectal cancer, and other types of
cancer have demonstrated an improved long-
term clinical benefit and manageable safety
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profile of anti-CTLA-4 antibodies in combina-
tion with anti-PD-1/PD-L1 antibodies, although
there was a dose-dependent increase in toxici-
ty [53, 65-68]. These studies suggest promis-
ing therapeutic strategies for patients with
advanced EC. Moreover, there are some other
novel treatments for ECs, such as chimeric
antigen receptor T-cell therapy (CAR-T cell) and
tumor vaccines. These treatments are com-
monly used and have been proven to be effec-
tive in patients with diffuse large B-cell lympho-
ma and leukemia [69, 70]. Shi and colleagues
explored treatment for EC. They constructed
erythropoietin-producing hepatocellular recep-
tor A2 (EphA2)-targeting CAR-T cells that
showed a better ability to kill ESCC cells and
promote cytokine activity in vitro [71]. Similarly,
in a study by Yu and associates, human epider-
mal growth factor receptor 2 (HER2) was found
to be highly expressed in EC, and the research-
ers successfully developed CAR-T cells target-
ing the HER2 antigen [72]. Regarding tumor
vaccines, Kageyama et al. conducted a clinical
trial with 25 patients with advanced EC. The
researchers administered a cholesteryl pullu-
lan-NY-ESO-1 (CHP-NY-ESO-1) complex vaccine
to the patients; no adverse events were ob-
served during the treatment period, and the
treatment provided a survival benefit [73]. In
addition, chemoradiation therapy in combina-
tion with a multipeptide vaccine targeting
kinase of the outer chloroplast membrane 1
(KOC1), upregulated lung cancer 10 (URLC10),
TTK, VEGFR1, and VEGFR2 showed a superior
effect and satisfactory safety in patients with
unresectable ESCC [74]. H. Daiko et al. fur-
ther noted that vaccination induces functional
CD8+ and CD4+ TILs and PD-L1 expression in
EC, which suggests that combinations of anti-
bodies and tumor vaccines or traditional che-
moradiation therapies can be used in EC in the
future [75]. In terms of anti-CTLA-4 mAbs, com-
bination therapy may be an option for treating
EC in the future.

Discussion

The OS of patients with positive or high expres-
sion of CTLA-4 is generally shorter than that of
patients with negative or low expression, which
is consistent with the fact that CTLA-4 inhibits
immune cells and induces the proliferation of
tumor cells. CTLA-4 plays a critical role in the
maintenance of self-tolerance to self-antigens.
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Macrophages

NK cell

TCR-CD3

CD28

T cell

Figure 4. Anti-CTLA-4 antibodies meditate ADCC/ADCP. Anti-CTLA-4 anti-
bodies mainly suppress the activities of CTLA-4+ Treg cells by mediating
their depletion via antibody-dependent cellular cytotoxicity (ADCC) or anti-

body-dependent cellular phagocytosis (ADCP).

Patients with EC who have received anti-CTLA-4
therapy have not achieved ideal outcomes and
have tended to have a higher incidence of auto-
immune disease than those who have received
chemotherapy or strategies targeting PD-1/
PD-L1. There are some possible reasons for
this phenomenon. (O CTLA-4 deficiency and
LPS responsive beige-like anchor protein (LR-
BA) gene mutation may inhibit the binding of
anti-CTLA-4 antibodies. @ CTLA-4 is synthe-
sized normally but appears to be aberrantly
trafficked in T cells with LRBA deficiency. This
ultimately results in enhanced degradation in
lysosomes and low levels of CTLA-4 on the sur-
face of T cells [76, 77]. Low levels of CTLA-4
cause poor efficacy of CTLA-4 ICls and lead to a
higher incidence of irAEs. & Anti-CTLA-4 anti-
bodies mainly suppress the activities of CTLA-
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MHCI
EC cells
CD80/CD86

4+ Treg cells by mediating th-
eir depletion via antibody-de-
pendent cellular cytotoxicity
(ADCC) or antibody-dependent
cellular phagocytosis (ADCP)
[78] (Figure 4). Liu et al. further
demonstrated that irAE-prone
and non-irAE-prone antibodies
differentially affect intracellu-
lar CTLA-4 trafficking based on
the pH sensitivity of their CTLA-
4 Dpinding. pH-sensitive anti-
CTLA-4 antibodies dissociate
from CTLA-4 and thus allow it
to recycle to the cell surface.

In contrast, pH-insensitive an-
tibodies continue to bind to
CTLA-4 and prevent it from
recycling to the cell surface.
Thus, pH-insensitive antibod-
ies cause downregulation of
CTLA-4 through lysosomal de-
gradation and thus reduce
ADCC/ADCP, which causes au-
toimmune diseases. As such,
it is crucial to control ADCC/
ADCP by preserving the recy-
cling of CTLA-4 molecules [79].
Sharma et al. highlighted that
ADCC caused by ipilimumab is
essentially mediated through
FcyRINA expressed on NK cells
or macrophages in patients
[80]. Nevertheless, their re-
search did not indicate which
type of Fc-receptor tremelimumab binds. Ipili-
mumab is an unmodified, fully human IgG1 anti-
body, while tremelimumab is an unmodified,
fully human 1gG2 antibody. Both tremelimumab
and ipilimumab induce ADCP and ADCC of
CTLA-4-expressing cells in vitro, but ipilimu-
mab shows a more significant effect, although
it can lead to severe irAEs [81]. We speculate
that the ratio of NK cells/macrophages may
influence the outcome of anti-CTLA-4 antibody
therapy by affecting ADCC/ADCP, and this
mechanism can be exploited to improve out-
comes in EC.

Furthermore, many studies have focused on
the relationship between microsatellite insta-
bility (MSI)-high tumors and mismatch repair-
deficient (dAMMR) tumors, which may be related
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to the outcome of anti-PD-1/PD-L1 therapy.
Future studies should also consider the rela-
tionship between CTLA-4 and MSI/dMMR sta-
tus and the roles of other molecules, such as
CD3, granzyme A (GZMA), and lymphocyte-acti-
vation gene 3 (LAG-3), in EC because some of
these factors may have value as biomarkers
for anti-CTLA-4 therapy [82-86]. Moreover, it is
essential to focus on the function of other mol-
ecules and cells in EC tissues.

Conclusion

CTLA-4 IClIs (ipilimumab and tremelimumab)
have been applied in patients with various
tumors in the clinic. However, the overall effi-
cacy rate of EC treatment remains low, while
the incidence of irAEs is still high. Future
research on CTLA-4 should further explore the
relevant cell subtypes and mechanisms under-
lying its effects, with a focus on the impact of
ICls on the tumor microenvironment. With more
research on the mechanism of CTLA-4 ICls,
immunotherapy will become a cornerstone of
therapy for patients with EC.
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cytotoxic T-lymphocyte-associated protein 4;
CHP-NY-ESO-1, cholesteryl pullulan-NY-ESO-1;
dMMR, mismatch repair-deficient; DOR, dura-
tion of response; DC, dendritic cell; EAC, esoph-
ageal adenocarcinoma; EGC, esophagogastric
cancer; EGJ, esophagogastric junction; ESCC,
esophageal squamous cell carcinoma; EphA2,
erythropoietin-producing hepatocellular recep-
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anchor protein; MDSCs, myeloid-derived sup-
pressor cells; mOS, median overall survival;
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Killer cell; NKG2D, NK cell lectin-like receptor
subfamily K; NKp30, natural cytotoxicity trig-
gering receptor 3; N2, type 2 neutrophil; ORR,
objective response rate; OS, overall survival;
PD-1, programmed death 1; PD-L1, program-
med cell death ligand 1; PFS, progression-free
survival; PI3K, phosphatidylinositol-4,5-bispho-
sphate 3-kinase; PLR, platelet lymphocyte
ratio; PP2A, protein phosphatase 2; PR, partial
response; SD, stable disease; SHP2, src homol-
ogy 2 domain-containing protein tyrosine phos-
phatase-2; STAT3, signal transducer and acti-
vator of transcription 3; TIL, tumor-infiltrating
lymphocyte; TME, tumor microenvironment;
TNF-a, tumor necrosis factor-«; Treg, regulatory
T cell; Tyk2, tyrosine kinase 2; TANs, tumor-
associated neutrophils; TTK, TTK protein
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VEGFR1, vascular endothelial growth factor re-
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