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Gastrointestinal (GI) cancers represent a major public health problem
worldwide. Due to the late detection and high heterogeneity of GI can-
cers, traditional treatments, including surgery, radiotherapy, chemo-
therapy, and targeted therapy, have shown limited effects, and the over-
all prognosis of these patients remains poor. Recently, immunotherapy,
involving programmed cell death-1 (PD-1) and its ligand (PD-L1), has
shown promising efficacy in several solid cancers and seems to have
become a potential treatment option for GI cancers This review focuses
on data on the development of immunotherapy-based clinical trials in
esophageal cancer, gastric cancer, and colorectal cancer. The predictive
biomarkers and combination strategies in clinical trials and translational
medicine are also discussed. Finally, prospects for immunotherapy in
the treatment of GI cancers are described. Although only a small propor-
tion of patients with GI cancers respond to PD-1/PD-L1 blockade, we
strongly believe that precision immunotherapymight improve the overall
survival of many more GI cancer patients in the future.
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Background
According to theGLOBOCANdatabase, therewere 18.1million newly diag-

nosedcases and 9.6million deaths fromcancer worldwide in 2018.1 Notably,
more than 15% of cancer incidence and 17% of cancer-caused deaths were
attributed to gastrointestinal (GI) tract cancers.2 Moreover, GI malignancies
are themost commoncancers andhaveahuge impact on cancer-associated
mortality inChina.3,4Themainstreamsof therapeuticapproaches for suchpa-
tients are still surgery, radiation therapy, chemotherapy, and targeted therapy.
However, the effectiveness of these treatments is not satisfactory due to the
late diagnosis.

The emergence of cancer immunotherapy has revolutionized the land-
scape of cancer treatment, currently driven by the application of monoclonal
antibodies targeting immune checkpoint such as programmed cell death-1
(PD-1) and cytotoxic T lymphocyte-associated protein-4 (CTLA-4) that
release cellular brakes on T cells. Since the first approval of immune check-
point inhibitors (ICIs) in melanoma in 2011, and afterward in more than 20
different indications, ICIs have become a promising treatment option for pa-
tients with cancer. In the field of GI cancers, despite the response rate of ICIs
not being as high as for some immunogenic tumors, immunotherapy was
still considered as the potentially curative therapeutic approach evidenced
by a series of clinical trials. Here, we discuss the current status and prospects
for immunotherapy in the treatment of GI cancers.

Current Status of Immune Checkpoint Blockade in GI Cancers
Esophageal Cancer. Squamous cell carcinoma and adenocarcinoma are

the two main histological types of esophageal cancer. Patients with esopha-
geal squamous cell carcinoma (ESCC) seemed to benefit more from ICIs
than those with adenocarcinoma.
ll
Regarding esophageal adenocarcinoma (EAC), data on ICI efficacy are
limited. In the esophageal cancer cohort of the KEYNOTE-028 trial, the over-
all response rate (ORR) was 40% in EAC patients (n = 5) with a positive PD-
L1 expression.5 However, among patients who progressed after 2 or more
lines of systemic therapy, only 5.2% of EAC patients (n = 58) achieved par-
tial response (PR), and no patient achieved complete response (CR) in the
phase 2 KEYNOTE-180 trial.6 In the phase 3 KEYNOTE-181 trial, subgroup
analysis demonstrated that pembrolizumab had no overall survival (OS)
advantage over chemotherapy for EAC patients, even those with a PD-L1
combined positive score (CPS) R10 (n = 55).7 Therefore, it is currently un-
clear whether patients with EAC might benefit from ICIs and whether deter-
mination of the PD-L1 status could identify potential candidates for ICI
therapy.

Concerning ESCC, three phase 3 trials led to landmark changes in second-
line treatment. In the KEYNOTE-181 trial, pembrolizumab did not show a sur-
vival benefit in the whole population (n = 628); however, pembrolizumab was
superior to chemotherapy in terms of OS (8.2 versus 7.1months, p = 0.0095)
and ORR (16.7% versus 7.4%, p = 0.0022) for patients with ESCC (n = 401).7

Similarly, nivolumab showed a statistically significant extension in OS for PD-
L1 unselected advanced ESCC patients in the ATTRACTION-3 trial,8 as did
camrelizumab in the ESCORTstudy9 (Table 1). According to these three trials,
it seems that the relationship between PD-L1 status and the response to
immunotherapy is still controversial.7–9

Gastric Cancer. A randomized, double-blind, placebo-controlled, phase 3
trial, ATTRACTION-2, first showed the efficacy of nivolumab in patients with
advanced gastric cancer (AGC) (including gastroesophageal junction cancer)
for whom no current standard-of-care therapy was available. Themedian OS
(5.26 versus 4.14 months, p < 0.0001) and ORR (11.2% versus 0%) of nivolu-
mabwere both significantly better than those of placebo. The survival benefit
from nivolumab was independent of PD-L1 positivity.10

In a later-line setting, 259 patients who failed to respond to at least two
lines of systemic therapies were enrolled in the KEYNOTE-059 trial. The
ORR was 11.6%, with 2.3% achieving CR. Among patients with a PD-L1
CPSR1, the ORR was 15.5%, while the ORR of patients with PD-L1 negative
expression was only 6.4%.11 The phase 3 KEYNOTE-061 trial included pa-
tients with one prior line of treatment and compared pembrolizumab with
paclitaxel. Updated results presented at the ASCO 2020 meeting indicated
that pembrolizumab prolongs OS relative to paclitaxel in PD-L1 positive pa-
tients. The ORR was higher for pembrolizumab in the CPS R10 group, and
the response duration was longer in the pembrolizumab group using all
PD-L1 CPS cutoff values (CPS R1, CPS R5, and CPS R10).12 Meanwhile,
in the JAVELIN Gastric 300 study, avelumab failed to demonstrate its priority
as top physicians' choice of chemotherapy as a third-line treatment for unre-
sectable, recurrent, or metastatic gastric or gastroesophageal junction
adenocarcinoma patients.13

In the first-line setting, the phase3KEYNOTE-062 study demonstrated that
pembrolizumab showed clinically meaningful efficacy in patients with a PD-
L1 CPS R10 as well as more durable responses than chemotherapy.14
The Innovation 1, 100041, August 28, 2020 1

mailto:oncogene@163.com
mailto:shenlin@bjmu.edu.cn
https://doi.org/10.1016/j.xinn.2020.100041
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.xinn.2020.100041&domain=pdf


Table 1. Efficacy of Immune Checkpoint Inhibitors in Esophageal Squamous Cell Carcinoma

KEYNOTE-1817 ATTRACTION-38 ESCORT9

Regimen Pembrolizumab chemotherapy nivolumab chemotherapy camrelizumab chemotherapy

Sample size 198 203 210 209 228 220

Prior treatment lines R1 R1 R1 R1 R1 R1

ORR, n (%) 33 (16.7) 15 (7.4) 33/171a (19) 34/158a (22) 46 (20.2) 14 (6.4)

PFS, months 2.2 3.1 1.7 3.4 1.9 1.9

OS, months 8.2 7.1 10.9 8.4 8.3 6.2

aRandomly assigned patients who had target lesion measurements at baseline.
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Globally, 256 patients received pembrolizumab monotherapy and 250 pa-
tients received chemotherapy. Pembrolizumab was non-inferior to chemo-
therapy for OS in tumorswith a PD-L1CPSR1 per prespecifiedmargins (me-
dian OS, 10.6 versus 11.1 months; hazard ratio [HR], 0.91; 99.2% confidence
interval [CI], 0.69–1.18). The Asian subpopulation analysis demonstrated that
OS was longer with pembrolizumab than with chemotherapy regardless of
the cutoff value used (CPS R1, 22.7 versus 13.8 months; CPS R10, 28.5
versus 14.8 months).15

These data indicate that ICIs might be a new option for patients with AGC
regardless of treatment lines.Moreover, PD-L1 positivity was associatedwith
a pronounced survival benefit of patientswho underwent ICI treatment, espe-
cially those with a PD-L1 CPSR10.16 However, given the modest additional
benefit of pembrolizumab plus chemotherapy versus chemotherapy alone,14

the combinational regimen of an anti-PD-1 antibody plus chemotherapy still
needs to be explored.17

Colorectal Cancer. Deficient Mismatch Repair and Microsatellite
Instability-High. Microsatellite instability-high (MSI-H)/deficient mismatch
repair (dMMR) was first identified as an excellent predictive biomarker of
PD-1 blockade in a phase 2 trial with a small sample size.18 Since then, an
increasing number of studies have demonstrated the activity ofmonotherapy
anti-PD-1 antibodies (nivolumab and pembrolizumab) in patientswithMSI-H/
dMMR. In the second- or later-line setting (Table 2), the ORRand disease con-
trol rate (DCR) were 32%–52% and 57%–82%, respectively. The survival data
showed that the 1-year progression-free survival (PFS) rate ranged from 41%
to 44% and the 1-year OS rate ranged from 72% to 76%.19–22 More recently,
durvalumab, an anti-PD-L1 antibody, also showed similar toxicity and compa-
rable efficacy with pembrolizumab or nivolumab as a later-line therapy at a
dose of 10 mg/kg repeated every 2 weeks, with ORR from 22% to 27% and
the 1-year PFS rate ranging from 36% to 38%.23

The combination of anti-PD-1 (nivolumab) and anti-CTLA-4 (ipilimumab)
blockade seems to be more effective than monotherapy as a second- or
later-line treatment. The ORR, DCR, 1-year PFS, and 1-year OS rates were
58%, 81%, 71%, and 85%, respectively.26,27 However, the combination therapy
was associated with more grade 3–5 treatment-related adverse events
(TRAEs),26,27 which might lead to decreased quality of life and discontinua-
tion of treatment. Lowering the frequency of ipilimumab (1 mg/kg) from
repeating every 3–6 weeks seemed to decrease the rate of grade 3–5
TRAEs.20,24,27 However, it is unclear whether the antitumor activity of combi-
nation immunotherapy in subsequent lines is influenced by dose modifica-
tion, considering that 1 mg/kg nivolumab plus 3 mg/kg ipilimumab per-
formed better than 3 mg/kg nivolumab plus 1 mg/kg ipilimumab in terms
of the ORR and survival in patients with metastatic esophagogastric
cancer.28

In the first-line setting, 45 patients received a doublet of nivolumab (3 mg/
kg every 3 weeks [q3w]) plus ipilimumab (1 mg/kg q6w). The ORR for these
patients was 64%, with 80% of patients having disease control for at least
12 weeks. The 1-year PFS and 1-year OS rates were 77% and 83%, respec-
tively.24 The survival durations were longer than the pooled PFS (6.2months)
and OS (13.6 months) of patients with dMMR or MSI-H treated with first-line
non-immunotherapy in a pooled analysis of four phase 3 studies (CAIRO,
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CAIRO2, COIN, and FOCUS).29 More recently, the KEYNOTE-177 trial showed
that pembrolizumab provided a statistically significant improvement in PFS
versus chemotherapy in patients with MSI-H metastatic colorectal cancer
(mCRC) (16.5 versus 8.2 months).25 The ORR of pembrolizumab was also
significantly higher than that of chemotherapy (43.8% versus 33.1%, p =
0.0275). All the aforementioned regimens were associated with favorable
and manageable safety profiles. Therefore, immunotherapy should be a
new standard forMSI-HmCRC in the first-line setting. However, it is unknown
whether the combination of anti-PD-1 and anti-CTLA-4 therapy is superior to
an anti-PD-1 antibody alone.
Proficient MMR and Microsatellite Stable. The proportion of patients with
microsatellite stable (MSS) and proficient MMR (pMMR)mCRC accounts for
more than 95% of mCRC patients.30 Monotherapy anti-PD-1 antibody was
ineffective in this population.18 Anti-VEGF (vascular endothelial growth factor)
treatment may enhance the efficacy of immunotherapy by reversing VEGF-
mediated immunosuppression to promote T cell infiltration into tumors; how-
ever, in the phase 3 MODUL trial in which approximately 2% of tumors were
MSI-H, the addition of atezolizumab (an anti-PD-L1 antibody) to fluoropyrimi-
dine and bevacizumab did not improve PFS or OS as a first-linemaintenance
therapy.31 Similarly, despite the encouraging results from a single-arm phase
2 trial of atezolizumab plus cobimetinib, the phase 3 IMblaze370 trial, with
2%–3% of patients included being MSI-H, did not meet its primary endpoint
of improved OS with atezolizumab plus cobimetinib or atezolizumab versus
regorafenib.32

The combination of anti-PD-1/PD-L1 and anti-CTLA4 blockade was also
investigated in the Checkmate-142 study and the CCTGCO.26 trial. Re-
sponses were observed, and median PFS was 1.4 months in MSS patients
receiving nivolumab plus ipilimumab.33 Recently, the phase 2 randomized
CCTGCO.26 trial, in which only 1%–2% of tumors were MSI-H, showed that
durvalumab plus tremelimumab significantly prolonged OS (6.6 months)
compared with best supportive care (4.1 months) in mCRC refractory to all
available standard treatments. However, there was no difference in PFS be-
tween the two arms (1.8 versus 1.9 months), and no details on treatment af-
ter disease progression were reported.34 This combination regimen was
proved to bring the greatest OS benefit compared with placebo in MSS pa-
tients with a tumor mutational burden (TMB) of >28 single nucleotide varia-
tions per Mb (21% of MSS patients).35 However, these findings need confir-
mation in phase 3 trials.

Increasing effort had have been made to identify effective combination
immunotherapy regimens for the treatment of pMMR/MSS mCRC (see de-
tails in Lee et al.36). Although these preliminary results were promising in
early-phase trials, they should be examined in well-designed randomized
trials.

Immunotherapy beyond PD-1/PD-L1 Blockade in GI Cancer
Beyond immune checkpoint inhibitors, other immunotherapies, including

adoptive T cell therapy and cancer vaccine, are also under active
investigation.

Cellular Immunotherapy. Adoptive T cell therapies have produced
remarkable responses, especially chimeric antigen receptor (CAR)-T therapy
www.cell.com/the-innovation
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Table 2. Regimens and Efficacy of Immune Checkpoint Inhibitors in Patients with dMMR or MSI-H Tumors

Regimen

Nivo
3 mg/kg q2w
Ipi 1 mg/kg q6w24

Pembro
200 mg q3w25

Nivo
3 mg/kg q2w
Ipi 1 mg/kg q3w26,27

Nivo
3 mg/kg q2w19,20

Pembro
200 mg q3w21

Pembro
10 mg/kg q2w22

Durva
10 mg/kg q2w23

Durva
10 mg/kg q2w23

(NCT02227667) (NCT01693562)

Sample size 45 153 119 74 63 40 11 36

Prior treatment lines 0 0 R1 R1 R1 R2 R2 NA

Best overall response, n (%)

CR 3 (7) 17 (11) 7 (6) 7 (9) 2 (3) 5 (12) NA NA

PR 24 (53) 50 (33) 62 (52) 18 (24) 18 (29) 16 (40) NA NA

SD 11 (24) 32 (21) 33 (28) 23 (31) 16 (25) 12 (30) NA NA

PD 6 (13) 45 (30) 14 (12) 22 (30) 25 (40) 4 (10) NA NA

Not evaluable 1 (2) 9 (6) 3 (3) 4 (5) 2 (3) 3 (8) NA NA

ORR 27 (60) 67 (44) 69 (58) 25 (33) 20 (32) 21 (52) 3 (27) 8 (22)

CR + PR + SD R12 weeks 38 (84) 99 (65) 96 (81) 46 (62) 36 (57) 33 (82) NA NA

PFS NR 16.5 months NR 6.6 months 4.1 months NR 6 months 6 months

1-year PFS, % 77 55 71 44 41 NA 36 38

2-year PFS, % NA 48 60 NA NA 59 NA NA

OS NR NA NR NR NR NR NR NR

1-year OS, % 83 NA 85 72 76 NA NA NA

2-year OS, % NA NA 74 NA NA 72 NA 54

TRAEs, n (%)

Any 35 (78) 122 (80) 87 (73) 54 (73) 40 (64) NA NA NA

Grades 3–5 7 (16) 34 (22) 37 (31) 15 (20) 7 (11) NA NA NA

q(n)w, every (n) weeks. Anti-PD-1 antibody: Nivo (nivolumab), Pembro (pembrolizumab). Anti-PD-L1 antibody: Durva (durvalumab). Anti-CTLA-4 antibody: Ipi (ipilimumab). NR, not reached; NA, not available;
TRAEs, treatment-related adverse events.
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in acute lymphocytic leukemia and tumor-infiltrating lymphocyte (TIL) ther-
apy in melanoma.37,38 These breakthroughs provided new insights into
immunotherapy for GI cancer.

In the past decade, research has examined the efficacy of CAR-T cell ther-
apy for use in GI tumors with antigens including EGFR, HER2, CEA, MUC1,
and EpCAM.39,40 However, their application has met great challenges. This
is thought to be due to limited cancer-specific targets, difficulties in CAR-T
cells zoning to tumor sites, and non-persistence of adoptively transferred
CAR-T cells.41 For instance, a CAR-T therapy targetingCEA caused severe co-
litis in a high percentage of patients, as this antigen is also expressed in
normal intestinal tissue.42 In another study, fatal pulmonary toxicity was
noted in a colon cancer patient received CAR-T cell infusion targeting
HER2, which was likely due to on‑target, off-tumor effect resulting from
low level of this antigen on pulmonary epithelium .43

However, there are numerous studies under investigation to identify a
consistent antigen to serve as a target for CAR-T cell therapy used in solid
tumors.44,45 Claudin 18.2 (CLDN18.2) is a tight-junction protein that is overex-
pressed in approximately 50% of gastric cancers (GCs).46 Recently, a single-
arm, open-label, first-in-human phase 1 study (NCT03159819) enrolled 7
AGC and 5 pancreatic adenocarcinoma patients with positive CLDN 18.2
expression, to evaluate the safety and clinical efficacy of CAR-CLDN18.2 T
cell treatment. No severe events were observed, and all cytokine release syn-
dromes were noted grade 1 or 2. Among the 11 evaluable patients, The total
ORR was 33.3% (1 CR and 2 PR, 5 stable disease [SD], and 2 progressive dis-
ease [PD]), with median PFS of 130 days (95% CI [38, 230]).The preliminary
results indicated that CAR-CLDN18.2 T cell therapy is a promising therapeutic
strategy in CLDN18.2 positive AGC and pancreatic adenocarcinoma pa-
tients.47 In the future, an increased number of patients and long-term
follow-up are needed to further evaluate both safety and efficacy endpoints.

Therapeutic Vaccines. Therapeutic cancer vaccines is another way to
stimulate an anticancer immune response to promote the recognition and
eradication of malignant cells.48 Targets for therapeutic cancer vaccines
mainly fall into two categories: tumor-associated antigens and overex-
pressed neoantigens.49 Different from tumor-associated antigens—normal
host proteins that are abnormally expressed in cancer cells—neoantigens
were resulted from aberrant proteins of cancer cells, harbored with high
immunogenicity. However, like mutations, the majority of neoantigens are
unique to each patient, and their numbers vary according to the tumor sub-
types, and thus a personalized management is required.50

One clinical trial of a personalized neoantigen/cancer testis antigen nano-
vaccine (PVAC) introduced an amphiphilic nanovaccine loaded with a
personalized vaccine encodingmultiple neoantigens designed to induce neo-
antigen-specific T cell responses. Patient-specific mutation-containing neo-
antigens were selected on the basis of whole-exome sequencing and RNA-
sequencing analyses of tumor-specific mutations. Cancer testis antigens
were obtained according to immunohistochemical staining and HLA-binding
affinity prediction. Thirteen patients with MSS solid tumors were enrolled.
Five patients (1 with GC, 1 with liver cancer, 1 with cervical carcinoma, 1
with soft tissue sarcoma, 1 with renal carcinoma) received the PVAC in com-
bination with a PD-1 antibody, and another eight patients (3 with GC, 2 with
CRC, 1 with non-small-cell lung carcinoma, and 1 with renal carcinoma)
received the PVAC in combinationwith the anti-PD-1 antibody and anti-angio-
genic therapy. No dose-limiting toxicities were reported. The ORR was 53.8%
(1 had CR, 6 had PR, 4 had SD, and 2 had PD). Moreover, neoantigen-specific
T cell responses were detected.51

The PVACwas also administered to stage IIIb/IIIc GC patients after six cy-
cles of adjuvant chemotherapy in another clinical trial. In clinical practice, 35%
of stage III GC patients will experience recurrence after D2 gastrectomy
within 1 year. In this study, at the median follow-up time of 12.6 months
(8.5–25.0 months), only two patients developed local recurrence at
24.0 months and 10.5 months after surgery. The remaining 23 patients re-
mained disease free. The preliminary results demonstrated that the addition
of PVACmay prolong PFS after standard adjuvant chemotherapy.52 A longer
follow-up and a larger sample size are needed to confirm the efficacy of
the PVAC.
4 The Innovation 1, 100041, August 28, 2020
Implications for the Future. As described above, in the GI cancer field,
we have not had as much success on cellular immunotherapy as in hemato-
logicmalignancies. On one hand, it is clear that choosing the appropriate an-
tigen and designing a CAR-T cell unique to the cancer type is important. On
the other hand, further optimization of CAR-T in solid tumors should focus
on changing the immunosuppressive environment. Therefore, it is important
to further decipher the tumor microenvironment (TME) so that next-genera-
tion CAR T cells can be developed.53 Optimization of the CAR design such as
the CARs co-express cytokine genes such as interleukin-12 (IL-12), IL-15, and
IL-17 has been reported to modulate the immunosuppressive TME.54–56 In
addition, the combination of CAR-T and ICIs may represent an another
approach to enhance the immune response, which are being investigated
in solid tumors.57 Notably, the toxicity and immunogenicity of CARs need
to be addressed in future clinical trials.

To obtainmore efficacy in therapeutic vaccine, revolutions in technologies
are also needed. Several investigations are ongoing, including better co-stim-
ulatory components, multi-antigen vaccines, and viral vector prime-boost ap-
proaches.48 Furthermore, whether combining the vaccinewith immunemod-
ulators or conventional chemotherapy/radiation could further enhance
clinical efficacy will require considerable effort to validate.58,59

Collectively, in GI cancer very little progress has been made on cellular
immunotherapy and vaccine development. Solid tumors present some chal-
lenges that hematologic malignancies do not have. The highly heterogeneity
in GI cancer adds more difficulty in this field. Investigators are currently
focusing on several approaches, including developments in theCAR-T cell en-
gineering itself, to overcome the immunosuppression in solid tumors, and its
combination with ICIs. These cellular immunotherapy based strategies will
likely play critical roles in improving cancer treatment outcomes.

Biomarkers for ICIs in GI Cancer
Despite the success of immunotherapy in GI cancers, only approximately

10%–30% of patients benefit from ICIs,60 which highlights the urgent need to
identify biomarkers for patient selection (Figure 1).

Microsatellite Instability. MSI-H/dMMR was first identified as the land-
mark predictive biomarker of PD-1 blockade inmCRC in a phase 2 trial with a
small sample size.18 Since then, an increasing number of studies have
demonstrated the activity of monotherapy PD-1 blockade in CRC patients
with MSI-H/dMMR. In the second- or later-line setting (Table 2), the ORR
and DCR were 32%–52% and 57%–82%, respectively. The survival data
showed that 1-year PFS rate ranged from 41% to 44% and the 1-year OS
rate ranged from 72% to 76%.19–22 Moreover, pembrolizumab showed
encouraging improved PFS in treatment-naive mCRC patients with MSI-H
in the KEYNOTE-177 study (16.5 versus 8.2 months).

Similarly, MSI-H showed its predictive value in GC. A previous study re-
ported an outstanding response to pembrolizumab in patients with MSI-H
metastatic GC (85.7%).61 Additionally, the retrospective post hoc analysis
of the KEYNOTE-059, -061, and -062 trials demonstrated that the MSI-H sta-
tus is a predictive biomarker for pembrolizumab monotherapy in AGC pa-
tients irrespective of line of therapy.62

PD-L1. As reported at the 2019 ASCO-GI meeting, the KEYNOTE-181
study, which included 401 patients with ESCC and 227 patients with EAC,
showed that although pembrolizumab did not benefit survival in the whole
population, it exhibited superior OS benefits to chemotherapy as a second-
line therapy in patientswith a PD-L1CPSR10 (n = 222/628).7 This difference
was mainly due to ESCC. At the same time, nivolumab demonstrated a sta-
tistically significant extension in OS for PD-L1 unselected advanced esopha-
geal cancer patients in the ATTRACTION-03 trial, as did camrelizumab in the
ESCORT study.8,9 Therefore, PD-L1, especially the PD-L1CPS,may be the first
potential biomarker for esophageal cancer.

ThePD-L1CPS also demonstrated its importance in GC. The phase 3KEY-
NOTE-061 trial included patients with one prior line of treatment and
compared pembrolizumab with paclitaxel. Based on the primary analysis,
pembrolizumab did not significantly prolong OS compared with paclitaxel
(9.1 versus 8.3 months) in patients with a PD-L1-positive status (CPS
R1).63 The updated results presented at the ASCO 2020 meeting indicated
www.cell.com/the-innovation
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Figure 1. Predictive Biomarkers for Immune Checkpoint In-
hibitors in GI Cancer. The current immunotherapeutic bio-
markers in GI cancer were developed on the basis of the
mechanism of antitumor immunity. Consideration of each
step of the cancer immune cycle must be incorporated in the
ongoing efforts of biomarker optimization in GI cancer.
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that the ORR was higher for pembrolizumab in the CPS R10 group (24.5%
versus 9.1%), and the duration of response was longer with pembrolizumab
using all CPS cutoff values (CPSR1, CPSR5, and CPSR10).12 Additionally,
in the phase 3 KEYNOTE-062 study, pembrolizumab induced clinically mean-
ingful efficacy in patientswith aCPSR10, aswell asmore durable responses
than chemotherapy.14 Notably, the Asian subpopulation preferred pembroli-
zumab to chemotherapy using both CPS cutoff values (median OS, HR [95%
CI]: CPS R1, 22.7 versus 13.8 months, 0.54 [0.35–0.82]; CPS R10, 28.5
versus 14.8 months, 0.43 [0.21–0.89]).15 Collectively, these data indicate
that a CPS R10 is a meaningful biomarker for first-line, second-line, and
third-line and beyond pembrolizumab monotherapy in GC.16 This efficacy
may be amplified, particularly in Asian patients.

However, PD-L1didnot demonstrate its predictive value inCRC. According
to the analyses of several studies, PD-L1expression was not associated with
clinical outcomes in theKEYNOTE-028, KEYNOTE-016, or CheckMate-142 tri-
als.26,64,65 Therefore, based on the results so far, PD-L1 CPS is a promising
indicator for immunotherapy in esophagogastric cancer, whichmay facilitate
the selection of patients to some extent.

TMB. TMB is defined as the total number of somatic missense muta-
tions.66 Recently, based on the results of the KEYNOTE-158 trial which re-
ported in ESMO 2019,67 the Food and Drug Administration granted acceler-
ated approval to pembrolizumab for the treatment of adult and pediatric
patients with unresectable or metastatic TMB-H (TMB R10 mutations/
Mb) solid tumors that have progressed following prior treatment and which
have no satisfactory alternative treatment options. However, the KEYNOTE-
158 trial did not include esophageal cancer and CRC patients, and the cutoff
values defined as TMBR10mutations/Mbmay not be applicable for GI can-
cer. According to the broad analysis of the association between TMBand sur-
vival outcomes of ICIs, which included 110 CRC patients and 126 esophago-
gastric cancer patients, a higher TMB was correlated with improved
survival.68 The TMB cutoff point for the top 20% of CRC patients was high
(52.2mutations/Mb), while the TMB cutoff point for esophagogastric cancer
patients was low (8.8 mutations/Mb), indicating that one universal definition
of TMB-Hmay not fit all cancer types. Moreover, TMB-high (TMB-H)may not
be a favorable biomarker for ESCCbecause of its scarcity.69 In theKEYNOTE-
061 trial, pembrolizumab demonstrated an OS benefit compared with pacli-
taxel in the subgroup with a tissue TMBR10 mutations/Mb (accounting for
ll
17% of patients), which also remained when patients with MSI-H disease
were excluded.70 Thus, TMB-H is a challenging predictive biomarker for GI
cancer receiving ICIs, so further optimization and standardization are
warranted.

Epstein-Barr Virus-Positive GC. Epstein-Barr virus (EBV)-positive GC
constitutes a unique subgroup of GC in The Cancer Genome Atlas with
several distinct clinicopathologic characteristics, including abundant TILs
and a high PD-L1/PD-L2 expression.71 Previous studies have found that
less than 10% of GC patients were EBV positive,71,72 and one has shown
full response (100%) to ICIs in six cases of metastatic GC, with a median
response duration of 8.5 months.61 In addition, EBV positivity is mutually
exclusive with MSI-H, and the ORR was significantly higher in patients with
PD-L1 R1% than in patients with PD-L1 negativity (50.0% versus 0.0%, p <
0.001).61 In contrast, Wang et al. noted an ORR of 25% in four EBV-positive
GCpatients.73 In another study, only 33.3% (3/9) of patients achievedPRafter
immunotherapy. It is also interesting to note that the patients who achieved
PRhad positivePD-L1 expression.74 Other clinical trials are continually testing
the efficacy of a PD-1 antibody, or with a CTLA-4 antibody, in EBV-positive GC
(NCT03755440 and NCT04202601).

Gut Microbiota. Accumulating evidence has suggested that gut micro-
biota may play an important role in host immune function and may assist
the antitumor activities of immunotherapy.64–66 Experiments in mice have
supported that tumor-bearing mice treated with broad-spectrum antibiotics
failed to respond to ICI,75 and the presence of particular bacteria within intes-
tinal microbiota could have favorable therapeutic outcomes from immune-
based treatment.76,77 Peng et al. performed the first and largest cohort on
the gut microbiome of 126 GI cancer patients in China receiving anti-PD-1
treatment, demonstrating that higher abundance of Prevotellaceae and lower
presence of Holdemania and Lachnospiraceae correlate with favored clinical
outcomes in these patients.78 Further investigations are needed for
validation.

TILs. The prognostic value of TILs has been investigated in esophageal
cancer, GC, and CRC, reporting that more generalized TILs were associated
with improved survival.79–81 Although ICIs showedoutstanding antitumor ac-
tivity in patients with MSI-H/dMMR, 20%–30% of patients may not benefit
from immunotherapy. In addition to the misdiagnosis and heterogeneity of
MSI/dMMR, some basic studies have also provided insights into the
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mechanisms of primary resistance. As reported, 26%–35% of dMMR tumors
exhibit CD3+ and CD8+ T cell densities as low as those in the bottom half of
pMMR tumors.82 Similarly, Loupakis et al. found that an increasing number of
TILs correlatedwith a higher TMB, and survival outcomes also differed signif-
icantly in favor of patients with TIL-high/MSI-H tumors (PFS: HR = 0.42, p =
0.0278; OS: HR = 0.41, p = 0.0463).83 The TIL subtypes that can be used to
predict the clinical outcomes of immunotherapy for GI cancer should be
determined in the future.

Peripheral Blood Biomarkers. Considering the invasive procedures to
obtain tumor tissue, peripheral blood samples are less invasive and easier
to obtain. Based on previous studies on melanoma and NSCLC, peripheral
inflammation indicators would be helpful to identify biomarkers predicting
the outcomes of ICI therapy.84–90 Recently, Li et al. validated the prognostic
value of derived neutrophil-to-lymphocyte ratio (dNLR) in non-colorectal GI
cancer patients treated with ICIs and reported that a higher level of the
dNLR (cutoff R3) was correlated with worse outcomes.91 Lu et al. found
that the serum protein level could not only predict the response to ICI in met-
astatic GI cancer patients but also identify patients who may develop hyper-
progressive disease upon receiving ICI.92 Notably, these studies were retro-
spective, and further prospective studies are needed to validate their findings.

Gene Expression Profile. Bioinformatics analysis of RNA sequencing
and gene expression could reflect antitumor immunity and provide insights
into the molecular features associated with immunotherapy treatment out-
comes. For example, the interferon-g (IFN-g) signature or T cell inflamed
gene expression profile has been validated in multiple clinical trials.93,94

The KEYNOTE-012 trial showed a non-significant trend toward prolonged
PFS and a high ORR with pembrolizumab for the treatment of esophageal
cancer and GC characterized by the IFN-g gene signature.5,95 However, the
IFN-g signature failed to predict the survival of GC patients in a prospective
study.96 One important reasonwas the useof archival tissue rather than fresh
tissue, suggesting that timing of tissue acquisition andmRNA quality are the
greatest challenges of transcriptomic biomarker utility.

Biomarker Optimization. As mentioned above, extensive efforts have
been made to identify potential predictors of the therapeutic response to
ICIs. However, each of these biomarkers is still suboptimal, mainly because
of the complexity and heterogeneity of the tumor microenvironment (TME)
and a lack of standardization among molecular detection assays. With the
current understanding of cancer immunology, a single parameter may not
be sufficient to capture the TME characteristics, and thus may not precisely
identify patients who will likely benefit from immunotherapy. Therefore, the
investigations at the proteomic, metabolomic, epigenetic, and even single-
cell level would unravel novel aspects of response not yet observed previ-
ously. Therefore, the next level of biomarker research should address the inte-
gration of multi-omics biomarkers with an interdisciplinary approach. In
recent years,machine-learningmethodologies have offered a novel approach
for selecting tumor-intrinsic and TME features, optimizing the integration pro-
cess and prediction model building for immunotherapy.97–99 The implemen-
tation of these novel strategies may help develop potential prediction tools
that can overcome the challenges of existing biomarkers. Although an
improved notion of immune contexture can be harnessed to guide precision
immuno-oncology, how certain treatment strategies affect the TME of GI
cancer remains poorly understood and may partially explain the failure of
the KEYNOTE-062 study. Importantly, it was revealed at the ESMO 2019
meeting that TMB may not be a suitable predictive biomarker for chemo-
therapy plus ICIs,100,101 implying that the immune context changes according
to combinational strategies. These results address the necessity of taking
combinational strategies into account when characterizing TME and
exploring optimal biomarkers for such combinations. Since a range of trials
testing novel ICI-based combinations are ongoing, the corresponding bio-
markers should also be adjusted to suit different indications.

Future Perspective of Immunotherapy
It is evident that precision immunotherapy has been taken the lead to iden-

tify the appropriate patients for immunotherapy or combination immuno-
therapy and can accurately predict the best response to immunotherapy
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guided by biomarkers. In the future, we should focus on the following
(Figure 2).

Combination Strategies. To date, the clinical success of immunotherapy
in GI cancer has focused primarily on a single agent that targets PD-1/PD-L1.
However, there are still many patients who do not respond to ICI monother-
apy, and alternative strategies are required for optimal therapeutic benefit. To
our best knowledge, multiple immunosuppressive pathways have shown
their effects in modulating the TME. Therefore, these pathways in the TME
could be co-targeted to restore the effector function of tumor-specific im-
mune cells.102

As novel drugs are continuously being developed, the combination of ICIs
and targeted therapy has yielded promising prospects. Previous studies have
reported that the administration of trastuzumab plus pembrolizumab can
improveHER2-specific T cell responses, enhance dendritic cell and T cell traf-
ficking, and induce the expansion of peripheral memory T cells.103–105 In a
phase 2 trial of triple combination regimen (pembrolizumab, trastuzumab,
and chemotherapy) as first-line therapy for HER2-positive AGC, 37 patients
were included and 26 (70%; 95% CI 54–83) of 37 treated patients were alive
and the PFS was 6 months.106 The ongoing phase III KEYNOTE-811 study
(NCT03615326) was based on the protocol of this study. Similarly, there is
much interest in the use of other anti-HER2 drugs in combination with check-
point inhibitors, such as margetuximab in combination with the anti-PD-1
antibody,107 DS-8201 in combination with the anti-PD-1 antibody, and
ZW25 in combination with PD-L1 antibody (NCT04082364, NCT04379596,
and NCT04276493).

Inhibitors of angiogenic or oncogenic kinases can also be combined with
immunotherapy. Regorafenib, a potent inhibitor of VEGF receptor 2, de-
creases regulatory T cells (Tregs) infilteration in the local tumors of patients
with GC.108 Surprisingly, the combination of regorafenib plus nivolumab
achieved an ORR of 44% in GC patients and 36% in MSS CRC patients.
The REGONIVO study highlighted that targeted angiogenesis combined
with anti-PD-1 is promising, and investigations in larger cohorts is needed.108

With the exception of PD-1/PD-L1 and CTLA-4, other immune checkpoint
receptors, including lymphocyte gene 3 (LAG 3) and T cell immunoglobulin
andmucin protein 3 (TIM 3), are co-expressed on exhausted PD-1+ T cells in
the TME, promoting antitumor immune evasion.109 LAG 3 and TIM 3 may
correlate with the prognosis of esophagogastric cancer and CRC.110–115

The clinical response of the combination of anti-LAG 3 or anti-TIM 3 with
ICI still needs further investigation (NCT04140500, NCT01968109,
NCT03662659, NCT03708328, NCT03652077, and NCT02817633).

The combination of immunotherapy and radiotherapy is another popular
aspect in GI cancer, especially for patients with locally advanced disease
receiving neoadjuvant treatment. The potential synergistic effects of this
combination on local and distant tumor control have been fully discussed
in preclinical studies, including activating dendritic cells, enhancing cross-
presentation of tumor antigens, increasing the density of TILs, and regu-
lating the expression of immune checkpoint molecules.116 Among clinical
studies, Hong et al. reported a pathologic complete response (pCR) rate
of 46.1% (12/26) in locally advanced ESCC patients who were adminis-
trated with preoperative chemoradiotherapy (CRT) and pembrolizumab,
along with acceptable toxicity.117 Meanwhile, neoadjuvant nivolumab com-
bined with concurrent CRT achieved a pCR rate of 40% in patients with
stage II/III esophageal/gastroesophageal junction cancer.118 The results
were similar in populations who received PD-L1 blockade.119,120 As ex-
pected in the Voltage study, both patients with locally advanced MSI-H
rectal cancer showed pCR following CRT and nivolumab with subsequent
radical surgery, while 30% (11/37) of MSS patients also achieved pCR.121

Of note, translational research found that a higher CD8+ T cell/effector
Treg ratio, PD-L1 positivity, Ki67 expression by CD8+ T cells in TILs,
consensus molecular subtype 1 or 3, and higher TMB were good predictors
of the efficacy of the sequential combination of CRT and nivolumab in MSS
patients.122 Along with the mainstream attention, several clinical factors
should be taken into consideration. The optimal radiation dose and fraction-
ation for a desired induced immune modulation or synergy with immuno-
therapy is still under investigation. Also, it is still unclear which therapeutic
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Figure 2. Future Perspective of Immunotherapy. For precision immunotherapy, shown above, the following aspects could be focused upon, based on the tumor envi-
ronment. (1) Identification of potential precise biomarkers. With the current understanding of cancer immunology, biomarkers could be identified in multi-omics, and
combinational strategies taken into account to guide precision immuno-oncology. (2) Exploration of the precise combination strategies. Based on the complexity of TME,
the different combination strategies of chemotherapy, radiotherapy, targeted therapy, immunotherapy, and so forth that co-target the function of tumor-specific factors
could be considered. (3) Identification of the timing of immunotherapy. Neoadjuvant therapy showed promising prevention of tumor relapse, even better than adjuvant
therapy in some preclinical mouse models and clinical trials, providing a new option for patients. Therefore, it is necessary to confirm the appropriate timing of immu-
notherapy to obtain better efficacy. (4) Identification of the strategy to reverse acquired resistance. Acquired resistance to ICIs always discounts the efficiency of
immunotherapy and remains a big challenge, so it is imperative to understand the mechanism of acquired resistance. The strategies that analyze the antigen presentation
machinery, target mutation in IFN-g signaling, block additional inhibitory checkpoints, increase neoantigen expression, decrease immunosuppressive cells or factors,
increase T cell infiltration, and so forth could be explored to reverse acquired resistance.
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strategies, concurrent treatment or sequential treatment, could bring better
efficacy in GI cancer. Furthermore, the potential higher risk of toxicities is a
main concern in many studies.

Importantly, based on the complexity of the TME, a variety of combina-
tions can be considered. However, alternative strategies without patient se-
lection are unwise, and novel techniques to distinguish different TMEs are
necessary.

Timing of Immunotherapy. ICI as a neoadjuvant therapy could result in a
more effective prevention of tumor relapse than adjuvant therapy, and was
recently explored in preclinical mouse models.123 The advantages of neoad-
juvant immunotherapy can be attributed to several aspects. First, neoadju-
vant immunotherapy induces broad immune activation, which is manifested
by different activated T cell clones and dependent on exposure to broad clas-
ses of antigens.124,125 Thus, checkpoint inhibition may be more effective
when a tumor is present than after complete resection. Second, the abun-
dance of tumor samples collected after neoadjuvant treatment allows an
unparalleled opportunity to explore the genetic signatures and molecular
mechanisms correlated with therapeutic effects or drug resistance, and op-
tions for systemic adjuvant therapies can be reconsidered accordingly.126 In
addition, tumor burden reduction before surgery could convert the unresect-
able disease to resectable disease, improve surgical resectability, and thus
lower morbidity.127

With the widespread use of ICIs, more recent trials have focused on the
value of these agents in the neoadjuvant setting. The NICHE study demon-
strated that short preoperative treatment with nivolumab plus ipilimumab
leads to 100% major pathological responses in 20 dMMR colon tumors,
ll
with 19 major pathological responses (%10% residual viable tumor) and
12 pCR.128 Meanwhile, Zhang et al. also observed 100% pathological re-
sponses and 83% pCR in four GC and two CRC patients with MSI-H who
received neoadjuvant ICIs.129 These excellent data indicate that neoadjuvant
immunotherapy is a promising option for GI cancer patients.

In addition to colon cancer, clinical trials in other GI cancers have also been
launched to evaluate the potential effect of neoadjuvant immunotherapy in
GC (NCT03878472) and esophageal cancer (NCT04225364). A preliminary
assessment of efficacy and response in these studies will provide significant
insight into clinical outcomes as well as the impact of therapy on the sys-
temic immune response.

Acquired Resistance to ICIs. Among patients who initially respond to
ICIs, disease progression ultimately develops in 42%–71% of GI cancer pa-
tients.130 Only a small proportion of patients could achieve the long-term
and durable clinical benefit from ICIs, while most patients would inevitably
develop resistance to the therapy. Over time, patients who develop acquired
resistance to ICIs account for a large proportion of the population and repre-
sent one of themost challenging problems that oncologistsmay face. There-
fore, it is imperative that we better understand the mechanism of resistance
and manage acquired resistance to circumvent or reverse it. Despite the
fact that many uncertain mechanisms are still under investigation, those
with hypothesized mechanisms of resistance are divided into the following
categories: (1) defects in antigen presentation machinery; (2) defects in IFN-
g signaling; (3) neoantigen depletion; (4) tumor-mediated immunosuppres-
sion/exclusion; (5) increased immunosuppressive cells or factors; and (6)
additional inhibitory checkpoints.130
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On the basis of the insights gained,131–133 several approaches have been
proposed and are currently under evaluation in an attempt to overcome the
mechanisms of resistance to ICIs. Combination strategies using multiple
treatment modalities are emerging to surmount the pre-existing insufficient
immune response, ultimately turning “cold” tumors into “hot” tumors.
Numerous strategies combining immune modulation of the TME with ICI
therapy are currently being tested in clinical trials134 (NCT02263508,
NCT02626000, NCT02565992, NCT02043665, and NCT02501473). In addi-
tion, a strong clinical and preclinical rationale supports the use of molecular
targeted therapy (such as a BRAF inhibitor and anti-VEGF) in combination
with immunotherapy, including enhanced antigen presentation,135,136

reduced immunosuppressive cytokines,137,138 and improvedT cell infiltration
and function.139 In addition, demethylating agents may enable the re-expres-
sion of immune-related genes and potentially improve the therapeutic effect,
especially combined with immunotherapy.140,141 Apart from combination
strategies, promoting the generation or presentation of proper neoantigens
in TME is also being exploited through the administration of chemotherapy
and radiotherapy (by inducing immunogenetic death),142 with some ques-
tions to be solved (e.g., sequencing, timing, and radiation fractionation). Can-
cer vaccineswhich performagainst the identified neoantigens are also being
combinedwith immunotherapeutic agents, althoughmature data of the clin-
ical benefit are not available.130

Conclusion
In conclusion, the treatment of advanced GI cancer remains an area of

great unmet medical need, and immunotherapy has presented promising ef-
fects across all lines of therapy. The ultimate goal of precision immuno-
therapy for cancer is to select a subset of patients with a common biological
basis of cancer who are most likely to benefit from a particular immuno-
therapy. Hopefully, with the development of precise biomarkers, new immu-
notherapeutic strategies, and feasible combinations, precision cancer immu-
nology will be applied more widely to treat GI cancer.
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