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Abstract
The landscape of current tumor treatment has been revolutionized by the advent of immunotherapy based on PD-1/PD-L1 inhi-
bitors. Leveraging its capacity to mobilize systemic antitumor immunity, which is primarily mediated by T cells, there is growing
exploration and expansion of its potential value in various stages of clinical tumor treatment. Neoadjuvant immunotherapy induces a
robust immune response against tumors prior to surgery, effectively facilitating tumor volume reduction, early eradication or sup-
pression of tumor cell activity, and control of potential metastatic spread, to improve curative surgical resection rates, and prevent
tumor recurrence. This review delineates the theoretical basis of neoadjuvant immunotherapy from preclinical research evidence,
discusses specific challenges in clinical application, and provides a comprehensive overview of clinical research progress in
neoadjuvant immunotherapy for gastrointestinal tumors. These findings suggest that neoadjuvant immunotherapy has the potential
to ameliorate immunosuppressive states and enhance cytotoxic T cell function while preserving lymphatic drainage in the pre-
operative period. However, further investigations are needed on specific treatment regimens, suitable patient populations, and
measurable endpoints. Despite numerous studies demonstrating the promising efficacy and manageable adverse events of
neoadjuvant immunotherapy in gastrointestinal tumors, the availability of high-quality randomized controlled trials is limited, which
highlights the necessity for further research.
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Introduction

Neoadjuvant therapy is a comprehensive tumor treatment modality
involving the administration of radiation, chemotherapy, targeted
agents, or their combination prior to curative surgery that improves
patient survival and is recommended for the treatment of various
cancers, such as breast, esophageal, colorectal, and prostate
cancer[1,2]. However, conventional neoadjuvant therapy primarily

relies on cytotoxic drugs or physical interventions to treat tumors
that unavoidably disrupt the immune system and create an
immunosuppressive microenvironment, which may facilitate tumor
cell dissemination and growth under selective pressure[3,4].

In contrast to conventional radiotherapy and chemotherapy,
immune checkpoint inhibitors (ICIs) therapy targeting the PD-1/
L1 pathway has the potential to activate the host immune
response and harness cytotoxic T cells for tumor recognition and
eradication while minimizing damage to normal cells[5,6]. The
combination of immunotherapy with traditional treatments can
further synergistically enhances efficacy and improves patient
survival. Based on these characteristics, immunotherapy has
emerged as a cornerstone of systemic tumor treatment, and is
progressively extending its applications from advanced tumors to

HIGHLIGHTS

• This study extensively summarizes the current preclinical
evidence that has been confirmed within the field of
neoadjuvant immunotherapy.

• Latest advancements in clinical trials exploring neoadju-
vant immunotherapy in gastrointestinal tumors is exten-
sively investigated, showing significant advantages and
promising potential in gastrointestinal tumor.

• High-quality RCTs and drugs targeting other immune
checkpoints in the context of neoadjuvant therapy are still
lacking, necessitating continued exploration in the future.
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various stages of tumor therapy, including neoadjuvant
treatment[7–10].

In an ideal scenario, neoadjuvant immune therapy induces a
robust immune response against the tumor prior to surgery to
effectively facilitate tumor volume reduction, early eradication or
suppression of tumor cell activity and control of potential meta-
static spread. This approach leads to pathological remission,
delays tumor recurrence, and improves patient survival[2,11].
Given the promising application prospects of neoadjuvant
immunotherapy, the present study comprehensively analyzed the
preclinical research basis of neoadjuvant immunotherapy based
on PD-1/L1 inhibitors and investigated the existing clinical
challenges associated with neoadjuvant immunotherapy.
Furthermore, this study also provides a comprehensive summary
of recent clinical trial outcomes and ongoing research in the field
of gastrointestinal tumors, explicating indices of interest for
surgeons such as resection rate, objective response rate (ORR),
pathological response rate, etc. The main objective is to con-
tribute valuable insights and assistance to advance progress in
this field.

The theoretical basis of neoadjuvant immunotherapy
based on preclinical evidence

Ameliorating immune suppression and enhancing the
cytotoxic T Cells

Surgical radical resection is one of the most effective strategies for
achieving long-term survival in patients with solid tumors.
However, patients with successful curative surgery still face the
risk of tumor recurrence at the regional or distant level, which is
attributed to numerous factors, such as undetected residual
tumors, micro-metastasis, and the persistent presence of a carci-
nogenic environment. Therefore, it is imperative to use viable
approaches during the perioperative period to enhance thorough
resection and prevent relapse. Current research revealed that
surgery induced an immunosuppressive environment that directly
hindered T-cell proliferation and led to the apoptosis of initial T
cells[12]. Meanwhile, the immunosuppressive microenvironment
surrounding the excised lesion facilitates the growth of tumor
cells and predisposes patients to tumor recurrence[13,14]. Studies
have shown that PD-1/L1 blockade in the neoadjuvant setting
activated and expanded pre-existing cytotoxic T cells within the
tumor microenvironment. Simultaneously, dendritic cells within
the primary tumor microenvironment acquire tumor-specific
antigens and migrate to lymph nodes for tolerance presentation,
which caused the functional conversion of tumor-specific T cells
to a state of dysfunction. However, PD-1/L1 blockade enhanced
the activity of tumor-specific T cells and reversed immune toler-
ance in select T cells, which ameliorated the overall immuno-
suppressive status of the organism[11]. In addition, tumor-related
inflammation can lead to immune dysregulation within organ-
isms, which impairs the function of T cells. This tumor-associated
inflammation-induced immune suppression is closely associated
with tumor burden and stage[15]. Therefore, neoadjuvant
immunotherapy has the potential to better mobilize the body’s
immune defense mechanisms in the early stages of cancer.

Certain gene mutations within tumor cells can give rise to
tumor-specific neoantigens that are recognized by the immune
system. Tumor cells with greater numbers of somatic mutations
have a greater abundance of neoantigens, which leads to

improved efficacy of ICIs therapy. Compared to potential resi-
dual tumor cells after surgery, neoadjuvant immunotherapy
achieves sufficient antigen presentation in the context of a larger
tumor burden, which fully activates T cells and mobilizes the
immune system. Preclinical studies using animal models demon-
strated that neoadjuvant immunotherapy prior to surgery
increased the expansion of tumor-specific CD8+ T lymphocytes.
Survival rates were significantly greater in mice receiving
neoadjuvant ICIs therapy compared to postoperative adjuvant
immunotherapy, which was also observed in preclinical
investigations[8]. Preoperative ICI treatment led to the develop-
ment of immunememory in amurine model of oral cancer, which
conferred resistance against transplanted tumor tissues following
surgery. Conversely, postoperative immunotherapy failed to eli-
cit a similar response. Neoadjuvant immunotherapy significantly
enhanced the proportion of immunememory T cells in the spleens
of mice[16]. Studies tracking and monitoring of T cells before and
after PD-1 blockade therapy found a potential advantage in the
generation of tumor-specific T cells via the recognition of primary
tumor antigens[17]. Therefore, neoadjuvant immunotherapy
appears beneficial for full activation of T cell-mediated immune
cytotoxicity during periods of high tumor antigen burden. Most
tumor-killing immune cells undergo apoptosis, but some antigen-
specific T cells persist as circulating memory T cells (TCMs) and
tissue-resident memory T cells (TRMs), which provide long-term
protection against tumor recurrence[18,19].

Intact lymph node structure facilitates antitumor immunity

The concept of the tumor immune cycle suggests that lymph nodes
also play a critical role as antigen-presenting cells in the delivery of
tumor antigens to T cells. Specialized antigen-presenting cells exist
within tumors that cross-present within the tumor micro-
environment and migrate to draining lymph nodes to present
tumor antigens. Studies using in situ tumormodels for the analysis
of tumor-specific T cell subtypes demonstrated that the initiation
of T cell priming and PD-1 expression initially occur in tumor-
draining lymph nodes before the appearance of PD-L1-expressing
T cells within the tumor itself[20]. In preclinical studies using
prostate cancer and colon cancer models, PD-L1 expression
occurred on exosomes derived from tumors and not just on tumor
cells themselves. This finding suggested that PD-L1-mediated
immune evasion in tumors also occurred in draining lymph nodes
rather than solely at the T cell-tumor interaction[21]. Therefore,
maintaining the integrity of lymph nodes prior to immunotherapy
is beneficial for maximizing therapeutic efficacy. Neoadjuvant
studies in melanoma patients demonstrated a direct correlation
between the presence of draining lymph nodes and the efficacy of
ICI therapy[22]. The administration of PD-1/PD-L1 blockade
agents enhanced the cancer-immunity cycle process within tumor-
draining lymph nodes[23].

Studies have analyzed the dynamic changes in CD8+ T cells in
patient lymph nodes, blood, and the tumor microenvironment
and found that precursors of exhausted T cells in nonmetastatic
lymph nodes differentiated into transitional intermediate
exhausted T cells after receiving immunotherapy. A substantial
number of Tex cells migrate into the peripheral blood, proliferate,
and infiltrate the tumor, where they exert immune
cytotoxicity[24]. Therefore, intact tumor-draining lymph nodes
play a crucial role as interfaces to facilitate tumor immune
priming. Neoadjuvant immunotherapy initiates tumor immunity
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when the structure of the tumor-draining lymph nodes remains
intact, which benefits the lymphatic circulation of tumor-specific
T cells and ultimately promotes treatment efficacy (Fig. 1)[24,25].

Clinical challenges faced by neoadjuvant
immunotherapy

Currently representative neoadjuvant immunotherapy trials
and clinical insights

Preclinical research on neoadjuvant immunotherapy has gradu-
ally advanced with some promising results. The highly antici-
pated SWOG 1801 study compared the efficacy of neoadjuvant
therapy with pembrolizumab monotherapy as an adjuvant
treatment for resectable stage III/IVmelanoma. The results from a
14.7-month follow-up revealed that the neoadjuvant group (154

patients) had significantly prolonged disease-free survival com-
pared to the adjuvant group (159 patients, P= 0.004). The 2-year
disease-free survival rate was 72% in the neoadjuvant group and
49% in the adjuvant group. Both groups exhibited comparable
adverse events (AEs)[10]. The AEGEAN study is a global multi-
center phase III clinical trial that evaluated the efficacy and safety
of neoadjuvant immunotherapy with durvalumab followed by
surgery and adjuvant immunotherapy in patients with resectable
stage IIA-IIIB (N2) nonsmall cell lung cancer (NSCLC) lacking
EGFR and ALK mutations[26]. The primary endpoint revealed
that neoadjuvant treatment with durvalumab in combination
with chemotherapy significantly improved the pathological
complete response rate in surgically resectable early-stage (IIA-
IIIB) NSCLC patients compared to neoadjuvant chemotherapy
alone. The incidence of commonAEswas similar between the two
groups and consistent with the known AE profile.

Figure 1. The potential immune-enhancing mechanisms in neoadjuvant immunotherapy. In the presence of primary tumors, the antitumor immune response is
suppressed. Limited antigen presentation from the primary tumor and potential micrometastatic lesions results in a deficiency of tumor-specific CTLs. Following
neoadjuvant immunotherapy, dendritic cells efficiently acquire a substantial quantity of tumor-specific antigens and effectively present them to T cells. This process
leads to the expansion of CTLs and the alleviation of tumor-mediated inhibition of CD8+ T cells. Therefore, these activated CD8+ T cells exert their cytotoxic effects
on the primary tumor site and micro-metastatic lesions, which results in tumor regression and an ameliorated immunosuppressive state. Notably, after curative
surgery, patients who received neoadjuvant immunotherapy demonstrated a greater abundance and greater cytotoxicity of CD8+ T cells compared to patients
who did not receive this treatment. These patients exhibit improved chances of eradicating micro-metastases. CTLs, cytotoxic T lymphocytes.
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Compared to hematological malignancies, gastrointestinal
tumors have a complex tumor microenvironment and are more
prone to the development of resistant tumors during treatment.
As previously mentioned, neoadjuvant immunotherapy has the
potential to elicit a robust antitumor immune response in the
setting of a substantial tumor burden, which reduces tumor
activity. Therefore, neoadjuvant immunotherapy for gastro-
intestinal tumors is gaining significant momentum, and several
Phase III clinical trials are underway. The Figure 2 provides an
overview of the current landscape of neoadjuvant immune ther-
apy in the field of gastrointestinal tumors, while detailed clinical
trial information is provided in Supplement Table 1
(Supplemental Digital Content 1, http://links.lww.com/JS9/
C206) for ease of reference.

Patient population, treatment regimens, and observation
endpoints for neoadjuvant immunotherapy

Potentially eligible population for neoadjuvant
immunotherapy

Despite the remarkable treatment responses achieved by ICIs in
advanced-stage tumors, a considerable proportion of patients
experience limited benefits, especially when ICIs are administered
as monotherapy. Neoadjuvant immunotherapy, as a novel ther-
apeutic option, requires careful consideration of this issue,
because of the potential risks of delaying or impeding surgery due
to the indiscriminate use of ICIs as preoperative antitumor agents.
The effective identification of patients who will benefit from
neoadjuvant immunotherapy and the avoidance of inappropriate
treatment for individuals who may not derive significant benefits
pose significant challenges in current immunotherapy practices.
Addressing these challenges is crucial for ensuring the overall
success of immune-based therapies and the specific clinical
implementation of neoadjuvant immunotherapy (Fig. 3).

Current exploration of biomarkers offers a crucial approach to
address this issue. Studies have indicated that utilizing baseline
genomic, transcriptomic, and microbiome profiles can effectively

stratify patients according to treatment response, thereby iden-
tifying potential beneficiaries. The melanoma OpACIN Ib and
OpACIN-neo studies[27] performed biomarker analysis and
revealed that high tumor mutation burden (TMB) and high
interferon-gamma-related gene expression signature (IFN-γ
score) were associated with durable responses and a decreased
risk of recurrence. Patients with a high IFN-γ score/TMB had a
100% pathological response rate (pRR), and patients with a high
IFN-γ score/low TMB or low IFN-γ score/high TMB had pRRs of
91 and 88%, respectively. However, patients with a low IFN-γ
score or low TMB had a pRR of only 39%. Studies on dual
immune checkpoint blockade in the neoadjuvant setting analyzed
tumor-infiltrating immune cell levels in resected tissues during the
treatment process and found that CD3+ CD8+ lymphocytes,
tissue-resident T cells and effector T cells were abundant in
postneoadjuvant therapy tumor samples. These findings sug-
gested that nivolumab and ipilimumab combination therapy, as
neoadjuvant treatments, effectively enhanced intratumoral
immune cells to exert immune cytotoxicity. Patients who
responded better to this regimen had higher PD-L1 expression.
Notably, responses to this treatment approach were observed
even in patients without PD-L1 expression. These findings indi-
cate that higher levels of PD-L1 expression are associated with
better neoadjuvant immune therapy outcomes, but patients
without PD-L1 expression can still receive ICIs as neoadjuvant
treatment[28]. Neoadjuvant therapy in the context of breast can-
cer demonstrated a greater rate of pCR in lymph node-negative
patients compared to patients with lymph node involvement.
Notably, there was no significant difference in PD-L1 expression
between patients who achieved pCR.

Specific treatment modalities and regimens

Malignant tumors exhibit significant biological heterogeneity,
which results in a lack of standardized targeted therapeutic
approaches. ICIs mobilize the immune system to combat tumors
and are considered a broad-spectrum cancer treatment modality,

Figure 2. The current landscape of neoadjuvant immunotherapy in the field of gastrointestinal tumors.
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but the specific drug class, dosage, and sequence vary across
tumor types. Therefore, neoadjuvant therapy regimens are
diverse. In various cancers, such as melanoma and lung cancer,
combination therapy, as opposed to monotherapy, facilitated
antigen exposure, which enhanced T cell-mediated immune
cytotoxicity and achieved higher rates of pathological response.

Although clinical trials demonstrated that some patients
achieved pCR after neoadjuvant immunotherapy, post-treatment
strategies remain crucial, and definitive surgical resection is
necessary. Current research identified four patterns of residual
tumor after neoadjuvant therapy: large shallow residual disease,
large deep residual disease, small shallow residual disease, and
small deep residual disease. Previous studies on solid tumors
following neoadjuvant chemoradiotherapy revealed that tumor
cells remained in the mucosal layer (60.9%), submucosal layer
(69.6%), muscular layer (52.2%), serosal layer (30.4%), and
lymph nodes (30.4%) after treatment. Therefore, a clinical
complete response (cCR) does not equate to pCR, and a certain
risk of tumor recurrence remained even when neoadjuvant ther-
apy achieved pCR. Therefore, neoadjuvant therapy represents a
continuum of treatment rather than a curative method.

Observation endpoints

Neoadjuvant therapy provides an opportunity for early tumor
assessment, but selecting appropriate endpoints for perioperative
treatment evaluation is challenging. Given the prolonged overall
survival (OS) observed in patients after surgical resection in
neoadjuvant studies, the use of OS as an endpoint necessitates
long study durations and a substantial number of samples. The
OS of patients is significantly influenced by later-line treatment
settings. Disease-free survival (DFS), which is the time without
tumor recurrence after surgery, is a primary endpoint for
neoadjuvant therapy. Once a tumor recrudesces, patients
experience related symptoms and face a dismal prognosis.
Therefore, DFS is used as a main research endpoint, which allows
for shorter study durations and reduced sample sizes. One of the
prominent advantages of neoadjuvant immunotherapy is its
ability to downstage tumors prior to surgery, which leads to a
major pathological response (MPR) and even pCR, to ultimately
improve OS benefits. Therefore, most phase II prospective studies
use pCR as the primary endpoint for assessing the potential value
of neoadjuvant immunotherapy in predicting tumor regression.
Indeed, it is important to note that although neoadjuvant

Figure 3.Clinical challenges for neoadjuvant immunotherapy. The overall treatment process of neoadjuvant immunotherapy is represented by the enclosed circle in
the diagram. The outer rectangular box highlights potential clinical challenges, including patient selection, identification of potential risk factors, determination of
therapy regimens, observation endpoints and other factors.
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immunotherapy studies can choose surrogate endpoints as pri-
mary endpoints, OS remains the gold standard and is crucial for
evaluating patient benefit.

Neoadjuvant therapy followed by surgical intervention pro-
vides the unique advantage of abundant tissue samples for com-
prehensive multidimensional biomarker analysis. Evaluating the
pathological response of postoperative specimens, metabolic
changes in the tumor microenvironment, immune cell infiltration
classification, and the identification of specific gene expression
patterns will greatly contribute to advancing research on specific
biomarkers. These analyses will enable precise patient classifica-
tion and improve treatment efficacy.

Potential adverse factors

For earlier stages of cancer, surgery can achieve curative resec-
tion. Although neoadjuvant immunotherapy has the potential to
provide long-term survival benefits for patients by leveraging the
antitumor immune response, further rigorous clinical trials with
higher levels of evidence are needed to explore the incremental
benefits of incorporating these treatment modalities. There is no
consensus on whether neoadjuvant therapy is necessary for early-
stage tumors amenable to curative resection. It is imperative to
accurately select patient populations who would truly benefit
from these treatments to avoid potential overtreatment. For
example, the Neo-AEGIS study investigated the efficacy of peri-
operative chemotherapy compared to neoadjuvant chemor-
adiotherapy in patients with adenocarcinoma of the esophagus
and gastroesophageal junction cancer. The results demonstrated
no significant difference in the 3-year OS rate between patients
who underwent neoadjuvant chemoradiotherapy and patients
who received perioperative chemotherapy (56 vs. 57%)[9].

Conversely, for tumors harboring high-risk factors for recur-
rence and considered potentially resectable, neoadjuvant immu-
notherapy offers the advantages of improving the resection rate
and reducing the likelihood of relapse. However, it is crucial to
consider the unconventional AEs, including hyper-progression
and pseudo-progression, after receiving immunotherapy. Patients
with locally advanced esophageal cancer who are eligible for
surgical resection may experience intolerable adverse reactions
when receiving neoadjuvant treatment due to the cumulative
toxicity of radiation therapy and chemotherapy. These adverse
reactions may adversely affect the surgical procedure and post-
operative recovery. Therefore, further assessment is warranted to
evaluate the potential increase in AEs resulting from the addition
of neoadjuvant immunotherapy in these patients.

Clinical advances in neoadjuvant immunotherapy in
gastrointestinal cancer

Esophageal cancer

Esophageal cancermanifests as the outward growth of carcinoma
from the esophageal mucosa. From the perspective of gene
alterations, esophageal cancer has a high tumor mutation burden
and ranks among the top gastrointestinal tumors, which suggests
that immune therapies based on PD-1/L1 have efficacy in the
treatment of esophageal cancer[29].

For resectable esophageal cancer patients, an integrated
treatment approach centered around surgical intervention has
been acknowledged for its therapeutic efficacy. Approximately

70% of locally advanced patients require neoadjuvant or adju-
vant therapy during the perioperative period. Combination
immunotherapy based on PD-1/L1 checkpoint inhibitors
demonstrated synergistic antitumor effects. Multiple clinical
studies investigated neoadjuvant therapy for esophageal cancer
and revealed overall pCR rates ranging from 20 to 42.5%. A
multicenter phase II clinical study demonstrated that in patients
with stage II–IVA esophageal squamous cell carcinoma located in
the thoracic segment, after receiving two cycles of neoadjuvant
therapy with camrelizumab combined with albumin-bound
paclitaxel and cisplatin, 51 patients underwent surgery, and 50 of
these patients (98.0%) achieved R0 resection. In 20 patients
(39.2%), a pCR with ypT0N0 was observed, which indicated no
residual tumor in the primary site or lymph nodes. Five patients
(9.8%) achieved complete resolution of the primary tumor but
had residual disease in the lymph nodes (ypT0N+ )[30]. To further
explore the effectiveness and safety of neoadjuvant immu-
notherapy combined with chemotherapy in the perioperative
treatment of esophageal cancer, the NIC-ESCC2019 study
recruited 56 patients[31]. The patients underwent two cycles of
pembrolizumab combined with chemotherapy as preoperative
neoadjuvant treatment, with each cycle lasting 21 days. Radical
surgery for esophageal cancer was performed 6 weeks after the
completion of neoadjuvant treatment. The results showed that
among the patients who underwent surgical treatment (n= 51),
the R0 resection rate reached 100%, and the complete patholo-
gical response (CPR) rate was 35.3%. Sixteen patients (31.4%)
achieved CPR of the primary tumor lesions and lymph nodes. The
ORR of the study was 66.7% (95% CI: 40.0–70.4). It is worth
noting that in terms of safety, the adverse reactions of pem-
brolizumab combined with chemotherapy were manageable,
with significantly fewer toxic side effects compared to traditional
radiotherapy and chemotherapy. Severe adverse reactions, such
as esophageal perforation, were relatively rare.

In addition to the favorable therapeutic effects of immu-
notherapy combined with chemotherapy as a neoadjuvant
treatment for esophageal cancer, clinical studies reported sig-
nificant findings of immunotherapy combined with targeted
therapy and continued immunotherapy combined with che-
motherapy. A Phase Ib study investigated the safety and efficacy
of pembrolizumab in combination with chemotherapy and apa-
tinib (pembrolizumab plus albumin-bound paclitaxel plus neda-
platin plus apatinib), as neoadjuvant therapy for locally advanced
esophageal squamous cell carcinoma[32]. The study included a
total of 30 enrolled patients, 5 of whom underwent two cycles of
neoadjuvant treatment, and 1 patient missed the second cycle due
to a grade 3 increase in alanine transaminase (ALT) levels.
Notably, the remaining 24 patients completed the full course of
four cycles of neoadjuvant treatment. Eleven patients (36.7%)
experienced grade 3 treatment-related adverse events (TRAEs).
The most common grade 3 TRAE was neutropenia (23.3%).
Among the 29 patients who underwent esophageal tumor resec-
tion after neoadjuvant treatment, 5 patients experienced surgical
delays due to adverse reactions. Of the 29 patients who under-
went esophageal resection, 15 patients (51.7%) achieved MPR,
and 7 patients (24.1%) achieved pCR. Among the 24 patients
who completed the full course of four cycles of neoadjuvant
treatment, the pCR and MPR rates were 29.2 and 58.3%,
respectively. One study of neoadjuvant chemotherapy followed
by sequential immunotherapy included 30 patients with T3, T4,
or lymph node-positive esophageal squamous cell carcinoma[33].
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The results demonstrated that the pCR rates in the experimental
(receiving toripalimab 2 days after chemotherapy) and control
(simultaneously receiving chemotherapy and toripalimab) groups
were 36.4% (n=4) and 7.7% (n= 1), respectively. The experi-
mental group showed a trend toward a higher pCR rate
(P= 0.079).

Neoadjuvant immunotherapy combined with chemotherapy
holds promise as a reliable treatment option for locally advanced
resectable esophageal cancer. However, whether these results
translate into survival benefits requires further validation over
time, and numerous clinical studies are currently underway to
investigate this aspect and are frequently updates at leading
conferences such as American Society of Clinical Oncology
(ASCO) and European Society for Medical Oncology (ESMO)
annual meetings (Table 1).

Gastric cancer

Curative resection is the primary means of achieving a cure for
early-stage gastric cancer. However, for locally advanced gastric
cancer, current guidelines and consensuses suggest the need for
neoadjuvant therapy prior to surgery. The FLOT4-AIO,
RESOLVE, and RESONANCE studies demonstrated promising
prospects for the application of neoadjuvant chemotherapy in
gastric cancer. Gastric cancer is classified into different molecular
subtypes, including Epstein–Barr virus (EBV)-infected, micro-
satellite instability (MSI), genomically stable, and chromosomal
instability types. EBV-positive patients exhibit increased immune
cell infiltration, which suggests a favorable response to immu-
notherapy. MSI-high patients have been approved for treatment
with PD-1 antibodies, and chromosomal instability (CIN)
patients may benefit from specific targeted therapies combined
with immunotherapy. Therefore, gastric cancer also presents a
solid foundation for immunotherapy. Despite achieving an
effective rate of 40–50% in advanced gastric cancer, the addition
of immunotherapy to conventional neoadjuvant therapy has the
potential to further enhance tumor treatment responses, improve
the proportion of resection, and prolong patient survival.

The combination of chemotherapy and immunotherapy with
trastuzumab in combination with the SOX regimen for neoad-
juvant treatment in advanced GC/GEJ patients achieved a pCR
rate of 25% and an MPR rate of 53.1%, which suggests that
immunotherapy combined with chemotherapy holds promising
prospects for neoadjuvant and conversion therapy in GC/GEJ
patients[34]. The phase II clinical trial PERSIST investigated the
efficacy of a new neoadjuvant treatment regimen that combines
SOX chemotherapy with sintilimab compared to SOX alone in
patients with locally advanced gastric cancer. The results
demonstrated that the combination of sintilimab and SOX
achieved a pCR rate of 26.9% and an MPR rate of 69.2%, and
the SOX alone group had a pCR rate of 4.8% and anMPR rate of
28.6%. Three patients in the combination group experienced
grades 3–4 surgical complications[35]. A multicenter prospective
study explored the efficacy of neoadjuvant SOX chemotherapy
combined with apatinib and PD-1 inhibitors in the treatment of
locally advanced gastric cancer. The 1-year and 2-year DFS rates
were 96.6 and 77.7%, respectively, and the 1-year and 2-year OS
rates were 96.6 and 90.1%, respectively. Ipilimumab plus dur-
valumab was evaluated as a neoadjuvant treatment for resectable
GAC/GEJAC patients with MSI, mismatch repair deficiency
(dMMR), or EBV negativity. Of the 15 assessable patients, 1

patient experienced disease progression, and 14 patients under-
went surgical resection. The study reported a pCR rate of 60% (9/
15) and anMPR (residual viable cells<10%) rate of 80%[36]. The
phase II NEONIPIGA study evaluated the efficacy of neoadjuvant
nivolumab combined with ipilimumab and adjuvant mono-
therapy with nivolumab in patients with resectable MSI/dMMR
tumors (13). Among the 32 patients enrolled, 27 (84%) com-
pleted all six cycles of neoadjuvant treatment. Eight patients
(32%) experienced grade 3/4 AEs during neoadjuvant therapy.
Twenty-nine patients underwent surgery, with a median delay of
35 days from the last injection to surgery. Preliminary findings
suggest the feasibility and manageable safety profile of adding
CTLA-4 to PD-1 inhibitor-based therapy[37].

Although there are ongoing clinical studies investigating var-
ious therapeutic combinations (Table 1), there is still a lack of
high-quality multicenter phase III trials. The optimal timing and
duration of immunotherapy for the treatment of advanced gastric
cancer, and other related questions, require further investigation
using randomized prospective studies[38].

Hepatobiliary cancers

Curative liver resection has long been the backbone treatment for
hepatocellular carcinoma (HCC), and it yields optimal clinical
benefit. However, the high postoperative recurrence rate remains
a major obstacle to long-term survival[39,40]. The ability of
neoadjuvant therapy to minimize the risk of recurrence, eliminate
potential microscopic metastases, and convert unresectable dis-
ease into resectable disease in patients with nonhepatic neoplasms
has been validated[41]. The low efficacy, poor tolerability, and
frequent drug resistance of prior alternative medications have
hindered the development of neoadjuvant treatment strategies for
HCC. In the era of molecular targeted therapy and ICIs, the
number of staged therapy options for HCC has increased over the
last decade, as have the number of well-known advances in sys-
temic therapy and postoperative adjuvant therapy that have been
considered in guidelines[42,43]. However, there are no widely
accepted protocols to guide the application of immunotherapy,
particularly ICIs-based regimens, in the field of neoadjuvant
therapy. Fortunately, emerging studies are underway on the
efficacy and safety of ICIs-based neoadjuvant immunotherapy,
with inspiring initial results[44].

A single-arm phase Ib study by Ho et al.[45] investigating
neoadjuvant cabozantinib and nivolumab is the first report of the
conversion of locally advanced HCC into resectable disease. In
this study of 15 patients, 12 (80%) underwent successful mar-
ginal-negative resection, and 5 of the 12 (42%) resected patients
achieved major pathological responses (>90% necrosis).
Marron et al.[46] evaluated the potential efficacy of neoadjuvant
cemiplimab (an anti-PD-1) monotherapy in 21 patients with
initially resectable HCC with stage Ib, II, or IIIb disease. Among
the 20 patients who underwent resection, 7 patients (35%) had
50% or greater tumor necrosis, 4 patients (20%) had significant
tumor necrosis (>70% necrosis), and no grade 4 or 5 AEs were
observed. Based on published and ongoing trials, the paradigm of
combining ICIs with antitumor drugs or local therapies to
increase benefits is an emerging current trend (Table 2). A recently
released study of 56 individuals treated with lenvatinib plus anti-
PD-1 antibodies for preoperative conversion achieved a conver-
sion success rate of 55.4% (31/56) and an R0 resection rate of
85.7% (18/21) among surgical patients[47]. The patients in the
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Table 1
Key trials of neoadjuvant immunotherapy in esophagogastric cancers.

Study/trial
identifier Tumor type Phase Participants Combination regimen type Resection rate Clinical endpoints Main Results Status Reference

ChiCTR2000040330 ESCC Phase
4

150 PD-1+ Chemotherapy VS
Chemotherapy

N/A 5-year OS rate pCR:25/90 (27.8%) VS 6/60 (10%) Recruiting 2023 ASCO[1]

NCT05323890 ESCC Phase
2

18 PD-
1+ Chemotherapy+ Radiotherapy

R0:100% MPR, pCR pCR:50.0%, MPR:72.2% Recruiting 2023 ASCO[2]

NCT05807542 ESCC Phase
2

15 PD-1+ Chemotherapy 100% pCR, MPR＜10% pCR:20% (3/15), MPR:13% (2/15) Completed 2023 ASCO[3]

NCT05476380 ESCC Phase
2

38 PD-1+ Chemotherapy R0:89.5% pCR MPR:67.6% (23/34), pCR:17.6% (6/34) Recruiting 2023 ASCO[4]

NCT04460066 ESCC Phase
2

64 PD-L1+ Chemotherapy VS
Chemotherapy+ Placebo

R0:100% VS 98.6% MPR MPR:68.97% VS 62.07%, pCR:41.4% VS
27.6%

Active, not
recruiting

Li Y[5]

ChiCTR2000033252 ESCC Phase
2

37 PD-1+ Chemotherapy R0:100% (31/31) PFS ORR:46.7%, pCR:20% Recruiting 2023 ESMO[6]

ChiCTR2100050057 ESCC Phase
2

70 PD-1+ Chemotherapy 84.29% pCR pCR:41.7%, MPR:66.7% Recruiting 2023 ESMO[7]

NCT04215471 ESCC Phase
2

30 PD-L1 83.33% ORR 2-year OS:92% Recruiting Yin J[8]

ChiCTR2000037488 ESCC Phase
2

45 PD-1+ Chemotherapy 80% MPR MPR:72.0%; pCR:50.0% Completed Yan X[9]

ChiCTR1900027160 ESCC Phase
2

60 PD-1+ Chemotherapy R0:98.21% MPR MPR:49.09%; pCR:29.09% Completed Zhang G[10]

ChiCTR1900026240 ESCC Phase
2

60 PD-1+ Chemotherapy R0:98.0%(50/51) pCR pCR:39.2% Completed Liu J[11]

NCT03946969 ESCC Phase
2

30 PD-1+ Chemotherapy 100% Safety and feasibility Grade 3-4 TRAEs:36.7% Active, not
recruiting

Chen X[12]

ChiCTR2000029807 ESCC Phase
2

47 PD-1+ Chemotherapy R0:89.4% MPR MPR:64.3% Completed Yang G[13]

ChiCTR1900026593 ESCC Phase
2

47 PD-1+ Chemotherapy R0:97.8% MPR MPR:44.4% Completed Zhang Z[14]

NCT03448835 GC and GEC Phase
2

20 PD-L1+ Chemotherapy 100% AEs pCR:45%, MPR:70% Recruiting 2022 ESMO[15]

ChiCTR2000030610 GC or GJA Phase
2

63 Chemotherapy VS PD-
1+ Chemotherapy

R0:91% VS 100% pCR pCR:4% VS 13%. Recruiting 2022 ESMO[16]

NCT04061928 GJA Phase
2

24 PD-
1+ Chemotherapy+ Radiotherapy

R0:66.7% MPR CR:33.3%, MPR:72.2% Recruiting 2022 ESMO[17]

NCT03064490 Esophageal and gastric
cancers

Phase
2

38 PD-
1+ Chemotherapy+ Radiotherapy

R0:97% pCR pCR:35.7% (10/28) Active, not
recruiting

2023 ASCO[18]

NCT03878472 GC Phase
2

25 PD-1 76.0% PRR MPR:26.3% Recruiting Li S[19]

JapicCTI-183895 GC Phase
1

31 PD-1 97% AEs AEs:23% Completed Hasegawa H[20]

NCT03288350 Gastroesophageal
adenocarcinoma

Phase
2

50 PD-L1+ Chemotherapy R0:96% pCR pCR:14% Recruiting 2023 ASCO[21]

NCT03221426 G/GEJ Phase3 203 PD-1+ Chemotherapy VS
Placebo+ Chemotherapy

R0:79 VS 80% EFS pCR:17% VS 6.8 Active, not
recruiting

2024 ASCO
GI[22]

NCT04661150 G/GEJ Phase2 42 N/A pCR pCR:38.1% VS 14.3%

W
ang

etal.InternationalJournalofS
urgery

(2024)
Internatio

nalJo
urnalo

f
S
urg

ery

3714



PD-L1+ Chemotherapy+ Target VS
Target+ Chemotherapy

Active, not
recruiting

2024 ASCO
GI[23]

NCT03914443 ESCC Phase1 12 PD-1+ Chemotherapy R0:91.7% Rate of participants with dose
limiting toxicities (DLTs)

pCR:41.7% Active, not
recruiting

2024 ASCO
GI[24]

ChiCTR2200064848 ESCC Phase2 25 PD-1+ Target 76% pCR pCR:18.8% Recruiting 2024 ASCO
GI[25]

NCT03064490 Esophago-gastric
diseases

Phase2 35 PD-
1+ Chemotherapy+ Radiotherapy

85.70% pCR pCR:35.5%, MPR:50% Completed 2024 ASCO
GI[26]

NCT05189730 ESCC Phase2 32 PD-
1+ Chemotherapy+ Radiotherapy

75% pCR MPR:16 (66.7%), ORR:21(87.5%) Unknown 2023 ESMO[27]

NCT04389177 ESCC Phase2 45 PD-1+ Chemotherapy N/A MPR MPR:73.3%, pCR:42.2%,ORR:95.6%,
DCR:100%.

Active, not
recruiting

2023 ESMO[28]

CTR2100051599 ESCC Phase2 26 PD-
1+ Chemotherapy+ Radiotherapy

R0:100% pCR CR:9 (42.8%), MPR:14 (66.6%) Recruiting 2023 ESMO[29]

NCT04819971 GC/EGJC Phase2 18 PD-1+ Chemotherapy+ Target 61.10% pCR pCR:6(54.5%), MPR:7 (63.6%) Recruiting 2023 ESMO[30]

NCT04159974 esophageal
adenocarcinoma

Phase2 56 PD-
1+ Chemotherapy+ Radiotherapy

93% Evaluation of safety and
efficacy

anastomotic leakage:6% (3/52) Recruiting 2023 ESMO[31]

NCT05007145 Thoracic esophageal
squamous cell cancer

Phase2 85 PD-1+ Chemotherapy VS
Chemotherapy+ Radiotherapy

78.1% VS 63.6% pCR pCR:40.6% (13/32) VS 35.7% (10/28),
MPR:62.5% (20/32) VS 71.4% (20/28)

Unknown 2023 ESMO[32]

NCT03221426 G/GEJ Phase3 804 PD-1+ Chemotherapy VS
Chemotherapy+ Placebo

N/A EFS pCR:12.9%VS2.0% Active, not
recruiting

Shitara K[33]

NCT04208347 G/GEJ Phase3 360 PD-1+ Chemotherapy+ Target VS
Chemotherapy+ Target

R0:98.7% (SOXRC)
vs 94.2% (SOX).

pCR pCR:18.3% (95% CI 13.0-24.8) VS 5.0%
(95% CI 2.3-9.3)

Active, not
recruiting

2023 ESMO[34]

NCT03421288 ESCC Phase2 295 PD-L1+ Chemotherapy VS
Chemotherapy

R0:96% VS 95% EFS Surgical morbidity 45% VS 42%,60-day
mortality 3% VS 2%

Recruiting Lorenzen S[35]

AEs, adverse events; CR, complete response; DFS, disease-free survival; ESCC, esophageal squamous cell carcinoma; GC, gastric cancer; GEC, gastroesophageal cancer; GJA, gastroesophageal junction adenocarcinoma; MPR, major pathological response; N/A, not applicable;
OR, objective response; OS, overall survival; pCR, pathological complete response; PFS, progression free survival; PRR, pathological remission rate; TRAEs, treatment-related adverse events.
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Table 2
Key trials of neoadjuvant immunotherapy in hepatobiliary and pancreatic cancers.

Study/trial
identifier Tumor type Phase Participants Combination regimen type Resection rate

Clinical
endpoints Main Results Status Reference

ChiCTR2100050410 uHCC Unknown 55 TACE+ PD-1+ Target 47.3% ORR ORR:72.0%, DCR:84.0%. Completed 2023
ASCO[36]

NCT04521153 HCC Phase
2/3

119 PD-1+ Target+ TACE VS TACE 89.7% VS N/A MPR MPR:46.2% (24/52) Recruiting 2023
ASCO[37]

NCT03682276 HCC Phase
1B

25 CTLA-4+ PD-1 84% AEs Grade 3 AEs:24% (n= 6) Recruiting 2023
ASCO[38]

NCT04701060 HCC Phase 2 31 PD-1+ Target 93.5% ORR MPR:38.5%, pCR:7.7% Recruiting 2023
ASCO[39]

NCT04843943 Resectable
intermediate

HCC

Phase 2 30 PD-1+ Target 43.3% AEs ORR:23.3%, DCR:90% Recruiting 2022
ESMO[40]

NCT04930315 HCC Phase 2 24 Target+ PD-1 VS PD-1 R0:100% VS
100%

1-year tumor
recurrence-free

rate

ORR:57.1%, DCR:92.9% Recruiting 2022
ESMO[41]

NCT04997850 uHCC Phase
1/2

142 TACE+ Target+ PD-1 VS TACE 50.7% VS
15.5%

Conversion
resection rate

ORR (mRECIST):78.9% VS 16.9% Enrolling
by

invitation

2022
ESMO[42]

NCT03299946 HCC Phase 1 15 PD-1+ Targeted therapy 80% AEs MPR: 42% Completed Ho WJ[43]

NCT04297202 HCC Phase 2 18 PD-1+ Targeted 94.4% MPR MPR:17.6% (3/17) Completed Xia Y[44]

NCT05036798 Biliary tract
cancers

Phase 2 25 PD-1+ Chemotherapy+ Target R0:52% R0 resection rate ORR:56%, DCR:92%. Active, not
recruiting

2022
ESMO[45]

NCT03727880 PDAC Phase 2 36 PD-1+ Target VS PD-1 N/A pCR Patients in Arm A demonstrated a 5.44-fold average increase in CD8+
T-cell percentage compared to a 2.01-fold average in Arm B

Recruiting 2023
ASCO[46]

ChiCTR2000032955 Resectable
pancreatic
cancer

Phase 2 25 PD-
1+ Chemotherapy+ Radiotherapy

R0:90% ORR ORR:60%, DCR:100%. Completed 2022
ESMO[47]

ChiCTR2100048249 HCC Phase 2 29 PD-1+ Target+ TACE R0:100% RFS ORR:89.7% (26/29, CR 4, PR 22), DCR:96.7% Recruiting 2024
ASCO
GI[48]

NCT04615143 HCC Phase 2 12 PD-1+ Target 85.7% DFS CR:25% (3/12) Recruiting 2024
ASCO
GI[49]

NCT05185531 HCC Phase
1B

11 PD-1+ Chemotherapy 63.6% Delay to surgery DCR:100% (RECIST: 1 PR, 6 SD; mRECIST: 1 CR, 2 PR, 3 SD, 1
CR+ SD)

Active, not
recruiting

2023
ESMO[50]

NCT04308174 Biliary tract
cancer (BTC)

Phase 2 31 PD-L1+ Chemotherapy VS
Chemotherapy

68% (n= 21)
VS 36% (n= 5)

R0 resection rate R0 resection:48% (n= 15) VS 36% (n= 5) Active, not
recruiting

2023
ESMO[51]

AEs, adverse events; DCR, disease control rate; MPR, major pathological response; N/A, not applicable; ORR, overall response rate; pCR, pathological complete response; PDAC, pancreatic ductal adenocarcinoma; uHCC, unresectable hepatocellular carcinoma.
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conversion success group had significantly longer OS and PFS.
The most recent meta-analysis demonstrated that neoadjuvant
ICIs, whether used as single or dual ICIs or in combination with
antitumor drugs, were associated with a statistically significant
pCR and a tolerable safety profile[48].

BTCs are frequently diagnosed in the advanced-stage, and only
a small fraction of patients are candidates for surgery. The pre-
sence of positive surgical margins (R1) and lymph node metas-
tasis negatively impact the 5-year OS of these patients[49]. The
introduction of innovative molecular-targeted medicines has
contributed to the evolution of treatment paradigms, and the
results have been extensively reviewed and evaluated elsewhere.
Recent studies demonstrated the safety and efficacy of ICIs-based
immunotherapy in advanced BTCs[50–52]. However, unlike other
gastrointestinal tumors, the application and benefits of neoadju-
vant immunotherapy in resectable BTCs have not been well stu-
died. At the ASCO-2023 annual meeting, Gbolahan and
colleagues reported a novel combined neoadjuvant therapy pro-
tocol of durvalumab and tremelimumab with platinum-based
chemotherapy (gemcitabine and cisplatin)[53]. In addition to
efficacy and safety evaluations, they intend to investigate the
relationship between treatment response and clinical and tumor
microenvironment-related factors.

In neoadjuvant immunotherapy for hepatobiliary cancers, ICIs
are expected to enhance the effectiveness of subsequent surgery by
reducing the tumor burden and enablingmore radical resection, but
several challenges remain. Key areas of subsequent research include
the identification of reliable predictive biomarkers and optimal
patient selection criteria, the balancing of immune-mediated
adverse events (imAEs) and perioperative safety, and standardiza-
tion of indications and surgical criteria. The Chinese expert con-
sensus on neoadjuvant therapy for hepatocellular carcinoma (2023
edition) recommends that the eligible population for neoadjuvant
therapy is the group of resectable patients with high-risk recurrence
factors (Recommended: 2A). Neoadjuvant immunotherapy
improves patient prognosis and increases the CPR rate, and eligible
patients are recommended to participate in clinical trials investi-
gating neoadjuvant immunotherapy (Recommended: 2B)[54].

Pancreatic cancer

Pancreatic cancer is a malignant tumor of the digestive system
that is characterized by an immunosuppressive tumor micro-
environment and an extremely poor prognosis[55,56]. The clinical
treatments for most patients with advanced pancreatic cancer are
limited, and systemic therapies are the mainstay of disease
control[57]. Preoperative and postoperative neoadjuvant therapy
reduce recurrence and improve the prognosis of patients with
advanced cancer[58]. However, evidence in favor of neoadjuvant
therapy for the management of advanced pancreatic cancer is
controversial. A recent study by Yang et al.[59] showed that
neoadjuvant therapy effectively improved the prognosis of
resectable pancreatic cancer patients. In contrast, an oral abstract
session at 2023 ASCO by Labori et al. suggested that neoadju-
vant FOLFIRNOX did not improve the OS of patients with
resectable pancreatic cancer.

Emerging areas of PD‐1/PD-L1 inhibitors provide hope for
cancer immunotherapy[60]. Immunologically ‘hot’ tumors have a
greater response to immunotherapies. However, pancreatic can-
cer is a ‘cold’ tumor with a low tumor mutation burden, which
makes immunotherapy ineffective[61]. Therefore, activators of the

immune system may be needed to jump-start the immune
response. Anti-CD40 Abs may transform ‘cold’ tumors into ‘hot’
tumors and improve cancer treatment. The combined application
of nivolumab and the anti-CD40 Ab APX005M holds great
promise for pancreatic cancer treatment (NCT03214250)[62].
Neoadjuvant immunotherapy has become a new option for
improving the prognosis of advanced cancer patients. Currently,
several prospective clinical trials of neoadjuvant immunotherapy
for pancreatic cancer have been performed (NCT03979066,
NCT02451982, NCT03767582, and NCT05604560). Du et al.
at the 2023 ASCO showed that PD-1 inhibitors plus chemother-
apy plus SBRT improved local control, which further prolonged
the survival of patients with borderline resectable and locally
advanced pancreatic cancer. Drug efficacy may be seriously hin-
dered by the tumor microenvironment. Immunotherapy approa-
ches have not yet affected pancreatic cancer prognosis due to the
immunosuppressive nature of the tumor microenvironment. Li
et al. performed multiomic analyses and reported that neoadju-
vant immunotherapy reshaped the immune microenvironment of
pancreatic cancer patients and may improve the efficacy of
immunotherapy[63].

Colorectal cancer

With the recent emergence and application of preoperative and
postoperative therapies, such as chemotherapy, radiation ther-
apy, targeted therapy, and immunotherapy, the trend of surgical
treatment for colorectal cancer (CRC) has become increasingly
precise and personalized[64]. Although ICIs have revolutionized
advanced gastrointestinal cancer treatment, the effects of ICIs are
mostly limited to patients with deficient mismatch repair
(dMMR) CRC, which is characterized by high infiltration of
CD8+ T cells. Numerous neoadjuvant trials are underway to
estimate the benefit of immunotherapy-based regimens in the
neoadjuvant setting for CRC patients.

ICI monotherapy led to significantly longer survival than
chemotherapy for dMMR/MSI-H metastatic CRC patients[65].
However, ICI monotherapy has not shown meaningful effects in
pMMR/MSS CRC patients[66]. Chen et al.[67] demonstrated that
anti-PD-1 monotherapy was effective and tolerable for advanced
rectal cancer patients with dMMR/MSI-H tumors. A meeting
abstract at the 2023 ASCO by Vora et al.[68] also indicated that
neoadjuvant immunotherapy showed promise for MSI-H gas-
trointestinal cancers. However, Fouchardiere et al.[69] observed a
limited pCR to short-course neoadjuvant immunotherapy. Real-
world data from Chakrabarti et al.[70] indicated the efficacy and
safety of neoadjuvant immunotherapy in dMMR/MSI-H colon
cancer patients. Studies have also suggested that neoadjuvant
immunotherapy achieved better clinical outcomes in dMMR/
MSI-H patients, which indicated thatmolecular subtypingwas an
effective strategy to identify patients who respond efficiently to
neoadjuvant immunotherapy[71]. Therefore, the molecular sub-
types of CRC patients must be studied, and additional potential
prognostic markers must be assessed. dMMR/MSI-H CRC
patients are more responsive to immunotherapy than pMMR/
MSS CRC patients, which is likely due to their high tumor
mutational burden, but the frequency of dMMR/MSI-H tumors
in CRC is ~10–15%[72]. pMMR/MSS CRC is a ‘cold’ tumor with
low tumor mutation burden, which makes immunotherapy
ineffective. Other investigators explored various treatment
options for the neoadjuvant immunotherapy of pMMR/MSS
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Table 3
Key trials of neoadjuvant immunotherapy in colorectal cancers.

Study/trial
identifier Tumor type Phase Participants Combination regimen type

Resection
rate

Clinical
endpoints Main Results Status Reference

NCT03503630 Rectal
adenocarcinoma

Phase
2

44 PD-L1+ Chemotherapy+ Radiotherapy 90% pCR pCR:41.6% (15/36) Active, not
recruiting

2023 ASCO[1]

NCT04165772 RC Phase
2

12 PD-1+ Chemotherapy+ Radiotherapy N/A CCR CCR:100% Recruiting Cercek A[2]

NCT03926338 CRC Phase
2

34 PD-1 VS Chemotherapy+ Radiotherapy R0:100% pCR pCR:88% VS 65% Recruiting Hu H[3]

NCT02754856 CRC Phase
1

23 PD-1+ CTLA-4 74% AEs RFS:9.7 (95% CI: 8.1–
17.8) months

Completed Kanikarla Marie P[4]

NCT03026140 Colon cancer Phase
2

19 PD-1+ LAG-3 100% irAEs irAEs:74% Recruiting 2023 ESMO[5]

NCT05571293 CRC Phase
3

12 PD-1+ CTLA-4 100% EFS Response≥ 90:4/12 Active, not
recruiting

2024 ASCO GI[6]

NCT04518280 RC Phase2 104 PD-1+ Chemotherapy+ Radiotherapy VS
Chemotherapy+ Radiotherapy

56.70% CR CR:57.4% VS 54.0% Recruiting 2023 ESMO[7]

NCT04083365 RC Phase2 55 PD-L1+ Chemotherapy+ Radiotherapy 98.1% pCR pCR:17/46 (37%) Recruiting Grassi E[8]

NCT05307198 RC Phase2 20 PD-1+ Chemotherapy 60.0% pCR pCR:4/12 (33.3%) pCR Recruiting 2023 ESMO[9]

EudraCT 2018-
004835-56

RC Phase2 61 PD-1+ Chemotherapy+ Radiotherapy 92% pCR pCR:22 /56(39%) Recruiting 2023 ESMO[10]

AEs, adverse events; CCR, complete clinical response; CRC, colorectal cancer; DCR, disease control rate; DFS, disease-free survival; irAEs, immune-related adverse events; MPR, major pathological response; N/A, not applicable; ORR, overall response rate; pCR, pathological complete response;
PFS, progression free survival; RC: rectal cancer; RFS, relapse-free survival.
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Table 4
Ongoing phase 3 clinical trials of combined immunotherapy in gastrointestinal cancers.

Study/trial
identifier Tumor type Phase Participants Combination regimen type Clinical endpoints

ICIs
Type Status

NCT04848753 ESCC 3 663 PD-1+ Chemotherapy VS Chemotherapy EFS PD-1 Active, not
recruiting

NCT04807673 ESCC 3 342 PD-1+ Chemotherapy VS Chemotherapy+ Radiotherapy EFS PD-1 Recruiting
NCT04973306 ESCC 2/3 176 PD-1+ Chemotherapy+ Radiotherapy VS Chemotherapy+ Radiotherapy pCR PD-1 Recruiting
NCT05213312 ESCC 2/3 90 PD-1+ Chemotherapy VS Chemotherapy pCR PD-1 Recruiting
NCT05244798 ESCC 3 420 PD-1+ Chemotherapy VS PD-1+ Chemotherapy+ Radiotherapy VS

Chemotherapy+ Radiotherapy
pCR PD-1 Not yet

recruiting
NCT05357846 ESCC 3 422 PD-1+ Chemotherapy+ Radiotherapy VS Chemotherapy+ Radiotherapy OS PD-1 Recruiting
NCT05610332 GC 3 216 PD-1+ Chemotherapy VS Chemotherapy ORR PD-1 Not yet

recruiting
NCT04139135 GC 3 642 PD-1+ Chemotherapy vs Placebo + Chemotherapy EFS PD-1 Recruiting
NCT05593458 GC 3 190 PD-1+ Chemotherapy MPR PD-1 Recruiting
NCT05699655 GC 2/3 130 PD-1+ Chemotherapy VS Chemotherapy pCR PD-1 Recruiting
NCT05270824 Gastric

Adenocarcinoma
3 120 PD-1+ Chemotherapy+ Target VS Chemotherapy The number of CD8+ TILs in tumor tissue and adjacent tissue before

and after treatment
PD-1 Not yet

recruiting
NCT04882241 Gastric or GEJ

Adenocarcinoma
3 120 PD-1+ Chemotherapy VS Chemotherapy EFS PD-1 Active, not

recruiting
NCT04592913 GC and GJC 3 958 PD-L1+ Chemotherapy VS Chemotherapy EFS PD-L1 Active, not

recruiting
NCT05250843 HCC 2/3 90 HAIC/TACE+ PD-1+ Target RFS PD-1 Not yet

recruiting
NCT04928807 Rectal Cancer 3 230 PD-1+ Chemotherapy+ Radiotherapy pCR PD-1 Recruiting
NCT06017583 Rectal Cancer 3 48 PD-1+ Chemotherapy+ Radiotherapy VS Chemotherapy+ Radiotherapy CR PD-1 Recruiting
NCT05215379 Rectal Cancer 2/3 180 PD-1+ Chemotherapy+ Radiotherapy cCR PD-1 Recruiting

cCR, clinical complete response; CR, complete response; EFS, event free survival; ESCC, esophageal squamous cell carcinoma; GC, gastric cancer; GEJ, gastroesophageal junction; GJC, gastroesophageal junction carcinoma; HCC, hepatocellular carcinoma; MPR, major
pathological response; ORR, objective response rate; OS, overall survival; pCR, pathological complete response; RFS, recurrence-free survival; TIL, tumor-infiltrating lymphocyte.
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CRC, including the application of neoadjuvant immunotherapy
in early-stage CRC, neoadjuvant immunotherapy combined with
chemotherapy or a combination of two immunotherapies[73,74]

(Table 3). Intratumoral injection of an influenza vaccine immu-
nologically transformed ‘cold’ tumors into ‘hot’ tumors and
served as an immunotherapy for cancer[75]. Gögenur et al.[76]

demonstrated that the neoadjuvant intratumoral influenza vac-
cine was safe and feasible and induced CD8+ T cell infiltration.
Jiang et al.[77] recently indicated that neoadjuvant immunother-
apy combined with targeted therapy and concurrent chemor-
adiotherapy plus surgery showed promise for the treatment of
MSS rectal cancer. Another issue worth considering is that
pseudoprogression and pseudoresidue are unique and prevalent
response patterns in dMMR/MSI-H rectal cancer patients after
neoadjuvant immunotherapy. Xie et al.[78] revealed that pseu-
doprogression and pseudoresidue were present in three CRC
patients (23.1%) and 10 CRC patients (76.9%), respectively.

Liver metastasis is common in CRC patients, and ~70% of
patients die from liver metastases[79]. Intrahepatic recurrence is
also common after resection for CRC metastases to the liver[80].
The primary advantage of neoadjuvant therapy is the potential to
down-stage metastatic disease to facilitate hepatic resection in
patients with colorectal liver metastasis. The application of
neoadjuvant therapy for colorectal liver metastasis patients
remains controversial, especially because of the potential risk of
inducing liver injury prior to hepatectomy. Although Zhou
et al.[81] demonstrated the safety of neoadjuvant anti-CTLA-4
therapy and an anti-PD-L1 antibody in patients with metastatic
CRC, the role of immunotherapy in the perioperative setting has
been relatively poorly studied. A recent study demonstrated that
dostarlimab-gxly bound to PD-1 receptors with high affinity and
effectively blocked interactions with PD-L1 and PD-L2[82]. Based
on several lines of evidence, the 2023 National Comprehensive
Cancer Network recommended dostarlimab-gxly may be used as
neoadjuvant therapy in patients with operable colorectal liver
metastases, with a category 2A level of evidence[83].

Future perspectives

Preclinical studies and clinical trials have established that
neoadjuvant immunotherapy is a novel and effective modality for
tumor treatment. From a patient-oriented standpoint, neoadju-
vant immunotherapy facilitates a degree of pathological remis-
sion before surgery, which reduces tumor cell activity and the risk
of recurrence to culminate in enhanced patient survival. From an
oncological perspective, neoadjuvant trials provide a unique
opportunity to conduct very detailed spatial analysis of the tumor
microenvironment after immunotherapy by providing large
tumor specimens, which is not achievable with the small biopsy
specimens typically obtained in late-stage disease trials. Despite
its potential, neoadjuvant immunotherapy faces certain limita-
tions. These limitations include the need for long-term follow-up
to determine the effectiveness of treatment in early-stage patients
to avoid overtreatment and the fact that neoadjuvant immu-
notherapy may lead to potential severe immune-related side
effects, which deprive patients of the opportunity for curative
surgery. As summarized in Table 4, an increasing number of
phase 3 studies with large sample sizes are being conducted,
which are expected to elucidate these issues. Gastrointestinal
tumors, with their intricate stromal elements and complex tumor

immune microenvironments, are areas where neoadjuvant com-
bination immunotherapy has been extensively studied, and it
exhibited considerable advantages and promising potential.
Despite these advances, there remains a paucity of high-quality
randomized controlled trials necessitating ongoing investigation.
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