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Background: Immune checkpoint inhibitors (ICls) have dramatically improved
survival in advanced gastrointestinal (Gl) cancer patients, but also resulted in
immune-related adverse events (irAEs). This study aimed to evaluate
serological biomarkers of irAEs and treatment response in Gl cancer patients.

Patients and methods: Metastatic Gl cancer patients were enrolled between
August 1, 2015, and July 31, 2017. Serum samples were collected at baseline,
and a panel of 59 serum biomarkers was tested. The occurrence of irAEs was
analyzed, and serological biomarker expression was correlated with irAE
incidence and prognosis.

Results: Fifty-one patients were enrolled, of whom 47.1% (24/51) were
diagnosed with irAEs, including 4 patients (7.8%) with grade 3-5 irAEs. The
most common irAE was thyroiditis (9/51, 17.6%), followed by colitis (7/51,
13.7%). The expression of CD28 (P = 0.042), IL-4 (P = 0.033), IL-15 (P =
0.024) and PD-L1 (P = 0.018) was significantly elevated in patients with grade 3-
5 irAEs. For organ-specific irAEs, IL-6 levels were higher in patients with
thyroiditis and colitis, while IL-22 and SCF levels were higher in patients with
colitis. Increased IL-1a, IL-21, LIF, and PIGF-1 levels were significantly
associated with myositis incidence, while the serum levels of six cytokines
(BTLA, GM-CSF, IL-4, PD-1, PD-L1 and TIM-3) were higher in patients with rash.
Prognostic analysis showed that patients with irAEs had better tumor
response (P = 0.029), improved PFS (median survival: undefined vs. 2.1
months, P = 0.002), and extended OS (median survival: undefined vs. 4.3
months, P = 0.003). The prognostic value of irAEs was only significant in
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patients who received anti-PD-1 inhibitors, but not in those who received anti-
PD-L1inhibitors. Besides, elevated BTLA (median OS: not reached vs. 7 months;
P = 0.0168) and PD-1 (median OS: not reached vs. 7 months; P = 0.0223)
concentrations were associated with longer OS.

Conclusions: Serological proteins are promising markers for predicting
immune-related toxicity and prognosis in Gl cancer patients. Organ-specific
irAEs have various cytokine profiles. Although further validation is needed
before clinical application, this study provided a direction for identifying

patients at risk for irAEs, and guiding patient selection for ICI therapy.

KEYWORDS

gastrointestinal cancers, immune checkpoint inhibitors, immune-related adverse
events, biomarker, cytokines

Introduction

Gastrointestinal (GI) cancers are characterized by high
morbidity and mortality rates (1), with limited treatment
options. Systemic therapy remains the most critical treatment
component for patients with local advanced or metastatic
disease. However, strategies to prevent metastasis and prolong
survival are urgently needed. The last 5 years have seen
remarkable advances in the treatment of patients with
advanced GI cancer, with the introduction of immune
checkpoint inhibitors (ICIs). ICIs can produce durable anti-
tumor immune responses and increase overall survival (OS) in
patients with GI cancers, especially microsatellite instability-
high (MSI-H)/deficient DNA mismatch repair (dMMR)
esophagus cancer and colorectal cancer (2, 3).

However, the enhanced immune system activity associated
with ICIs leads to a unique autoimmune toxicity, known as
immune-related adverse events (irAEs), defined broadly as
immune-mediated host organ dysfunction secondary to
aberrant immune system activity after immunotherapy (4).
Excessive immunity affects multiple organ systems, including
skin, liver, GI tract, and endocrine glands (5, 6). Most irAEs are
grade 1-2, which are controllable. The incidence of adverse
events is 10-34%, which not only negatively influences the
quality of life but also interrupts treatment procedures (7).
Therefore, it is important to find biomarkers for early
prediction of irAEs. IrAEs may be classified as organ-specific
and general irAEs. Studies have demonstrated that general
adverse events are more common, but organ-specific irAEs are
more clinically important and are associated with greater
mortality (8). Therefore, it is essential for clinicians to focus
on organ-specific irAEs, and to evaluate the benefits and risks of
ICIs during cancer treatment.
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A large number of serological markers may represent the
immunological phenomena occurring in the tumor
microenvironment, where immune and malignant cells
interact (9). These might be used as predictive markers for
treatment response and/or irAEs (4, 9). Some studies have
explored the role of soluble cytokines in predicting irAEs. It
has been reported that the combination of baseline serum TGFf
and IL-10 levels correlated with clinical outcomes, and elevated
baseline IL-17 levels predicted severe diarrhea/colitis in
melanoma patients after neoadjuvant ipilimumab
administration (10). The CYTOX score, consisting of 11
circulating cytokines, such as IL-la, IL-2, and IFNo2, could
help in the early identification of severe immune-related toxicity
(11). It was noted that the irAE patterns in different tumor types
vary greatly, even with the use of the same ICIs (7). Studies
on irAEs in GI cancers are limited, and the role of
circulating cytokines in predicting immune-related toxicity
remains unexplored.

Therefore, to identify biomarkers, to predict irAEs in
metastatic GI cancers, we analyzed the expression of 59
serological markers and explored relationships between the
baseline levels of serological markers and irAEs.

Materials and methods
Patients and study design

GI cancer patients treated with ICIs at Peking University
Cancer Hospital between August 1, 2015, and July 31, 2017, were
enrolled in this study retrospectively. Patients were eligible for
inclusion if they had received at least 1 cycle of any ICI,
including anti-PD-1 or anti-PD-L1 monotherapy, as
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previously described (12). Serum samples were collected at
baseline. Informed consent was obtained from all patients for
sample collection and further testing. The study was approved by
the medical ethics committee of Peking University Cancer
Hospital, and was conducted in accordance with the
Declaration of Helsinki or comparable ethical standards (13).
Tumor response was assessed by medical imaging based on
the modified Response Evaluation Criteria in Solid Tumors
[RECIST] version 1.1 (14). The best therapeutic responses
were classified, in order, as complete response (CR), partial
response (PR), stable disease (SD), or progressive disease (PD),
assessed from the first day of treatment to progression, death, or
the last follow-up. Adverse events (AEs) were graded according
to the National Cancer Institute Common Terminology Criteria
for Adverse Events version 5.0. IrAEs were defined as AEs
possibly related to immune dysregulation, and requiring
frequent monitoring or specific treatment with immune
suppression and/or endocrine replacement therapy (15).

Serum samples and cytokine assay

Blood samples were collected by venipuncture from 51
patients at baseline, and centrifuged at 1,000 g for 10 min at 4°
C. Serum was isolated and aliquoted. Sub-packages were then
stored at —80°C. Cytokines were quantified using cytokine
multiplex assays and enzyme-linked immunosorbent assay. A

TABLE 1 Patient’s characteristics.

Characteristics All patients (N = 51)

Age at diagnosis(year)

Median age (range) 52 (22-77)
Gender, N (%)

Male 34 (66.7)
Female 17 (33.3)
Original site, N (%)

Esophagus 12 (23.5)
Stomach 17 (33.3)
Colorectum 11 (21.6)
Others 11 (21.6)
Treatment option, N (%)

anti-PD-1 33 (64.7)
anti-PD-L1 18 (35.3)
Best overall tumor response, N (%)

Partial Response 13 (25.5)
Stable Disease 11 (21.6)
Progressive Disease 27 (52.9)
Response group, N (%)

Durable clinical benefit (DCB) 19 (37.3)
No durable benefit (NDB) 32 (62.7)
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panel of 59 serum biomarkers were measured using a previously
published method (12).

Statistical analysis

Quantitative variables were presented as medians and the
interquartile range (IQR). Differences between two subgroups of
non-normally distributed quantitative variables were
determined using the Mann-Whitney U-test. P < 0.05 was
considered significant for two-sided tests. R package “survival”
and “survminer” were used to identify an optimal cutoff value on
the marker score. The Kaplan-Meier estimator and log-rank test
were performed to analyze overall survival (OS) and
progression-free survival (PFS). Statistical analyses were
performed using SPSS Statistics 23.0 (IBM Corp., Armonk,
NY, USA) and R version 4.1.2 (The R foundation,
Vienna, Austria).

Results

Baseline patient characteristics and
adverse events

A total of 51 GI cancer patients who received ICIs were
enrolled (Table 1), including 66.7% (34/51) males and 33.3%

Patients with no irAEs (N = 27)

54 (26-77) 52 (22-71)
16 (66.7) 18 (66.7)
8(33.3) 9(33.3)
6 (25.0) 6(22.2)
8 (33.3) 9(333)
5 (20.8) 6 (22.2)
5(20.8) 6(22.2)
18 (75.0) 15 (55.5)
6 (25.0) 12 (44.5)
9 (37.5) 4 (14.8)
7(29.2) 4(14.8)
8 (33.3) 19 (70.4)
12 (50.0) 7 (25.9)
12 (50.0) 20 (74.1)
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(17/51) females. The median age was 52 years (range: 22-77).
There were 23.5% (12/51) esophageal squamous cancers, 33.3%
(17/51) gastric cancers, 21.6% (11/51) colon cancers, and 21.6%
(11/51) other cancers, including liver and pancreatobiliary
cancers. Among these, 64.7% (33/51) were treated with anti-
PD-1 inhibitors, whereas 35.3% (18/51) were treated with anti-
PD-L1 inhibitors. Outcomes included 25.5% (13/51) cases of CR
or PR, 21.6% (11/51) SD, and 52.9% (27/51) PD. The
characteristics of irAEs are presented in Table 2. In total,
47.1% (24/51) of patients were diagnosed with irAEs,
including 4 (7.8%) with grade 3-5 irAEs. The most common
irAE was thyroiditis (9/51, 17.6%), followed by colitis (7/51,
13.7%), presenting as diarrhea. Myositis and hepatitis were
observed in 9.8% (5/51) of cases each. Moreover, 5.9% (3/51)
of patients developed a rash.

Association of cytokines with irAEs

To identify potential circulating biomarkers of efficacy and/
or toxicity, serum samples were tested for the levels of a broad
array of analytes. None of the baseline cytokine expressions were
found to be associated with the incidence of irAEs. Then, we
explored the baseline cytokine expression in patients with grade
0-2 and grade 3-5 irAEs, and found that the expression of CD28
[306.1 pg/mL, 95% confidence interval (CI): (162.7-823.6) vs.
113.5 pg/mL, 95% CI: (0-214.8), P = 0.042], IL-4 [0 pg/mL, 95%
CI: (0-4.91) vs. 0 pg/mL, 95% CI: (0-0), P = 0.033], IL-15 [6.76
pg/mL, 95% CI: (0-10.98) vs. 0 pg/mL, 95% CI: (0-0), P = 0.024],
and PD-L1 [9.82 pg/mL, 95% CI: (3.85-13.9) vs. 2.05 pg/mL,
95% CI: (0-4.46), P = 0.018] was significantly elevated in patients
with grade 3-5 irAEs compared to those with grade 0-2
irAEs (Figure 1).

TABLE 2 Immune-related adverse events.

irAE Category

10.3389/fimmu.2022.987568

Cytokine profiles in organ-specific irAEs

To explore biomarkers that could predict organ-specific
irAEs in GI cancer patients treated with ICIs, we evaluated the
cytokine profiles in various organ-specific irAEs. The results
showed that enhanced IL-6 levels could predict the occurrence of
thyroiditis. Compared to non-thyroiditis patients, basal IL-6
levels were significantly higher in thyroiditis patients [3.02 pg/
mlL, 95% CI: (0-36.24) vs. 0 pg/mL, 95% CI: (0-0), P = 0.038]
(Figure 2A, Supplementary Figure 1). Among the predictive
markers for colitis, the levels of IL-6 [6.12 pg/mL, 95% CIL: (0-
20.5) vs. 0 pg/mL, 95% CI: (0-0), P = 0.019], IL-22 [26.77 pg/mL,
95% CI: (0-134.5) vs. 0 pg/mL, 95% CI: (0-0), P = 0.033], and
SCF [19.86 pg/mL, 95% CI: (16.93-24.16) vs. 11.47 pg/mL, 95%
CL: (9.6-16.04), P = 0.026] were higher in patients with colitis
compared to those without colitis (Figure 2B, Supplementary
Figure 1). The incidence of myositis was associated with
increased baseline levels of IL-1ot [0 pg/mL, 95% CI: (0-8.75)
vs. 0 pg/mL, 95% CI: (0-0), P = 0.00084], IL-21 [0 pg/mL, 95%
CI: (0-195.4) vs. 0 pg/mL, 95% CI: (0-0), P = 0.044], LIF [21.39
pg/mL, 95% CI: (12.72-48.7) vs. 12.72 pg/mL, 95% CI: (10.51-
14.33), P = 0.01], and PIGF-1 [88.76 pg/mL, 95% CI: (65.6-
164.3) vs. 56.33 pg/mL, 95% CI: (46.8-77.37), P = 0.049]
(Figure 2C, Supplementary Figure 1). We also investigated the
prediction role of serum cytokines in ICI-related hepatitis, but
found no significant difference between patients with and
without hepatitis. Moreover, we evaluated the role of serum
cytokines as predictive biomarkers for rash. The baseline levels
of BTLA [460.6 pg/mL, 95% CI: (346.5-617.2) vs. 95.3 pg/mL,
95% CI: (0-145.2), P = 0.027], GM-CSF [8.35 pg/mL, 95% CI:
(5.54-10.04) vs. 0 pg/mL, 95% CI: (0-0), P = 0.031], IL-4 [0 pg/
mL, 95% CI: (0-4.91) vs. 0 pg/mL, 95% CI: (0-0), P = 0.01], PD-1
(76.42 pg/mL, 95% CI: (59.8-106.5) vs. 25.27 pg/mL, 95% CI:

No. of patients

Any grade, N (%) > Grade3, N (%)
Any irAE 24 (47.1) 4 (7.8)
Thyroiditis 9 (17.6) 0 (0.0)
Colitis 7 (13.7) 0 (0.0)
Myositis 5(9.8) 1(2.0)
Hepatitis 5(9.8) 1(2.0)
Rash 3 (5.9) 0 (0.0)
Pancreatitis 2(3.9) 0 (0.0)
Pneumonitis 1(2.0) 1(2.0)
Other * 4(7.8) 2 (3.9)

*Oral ulcer/mucositis, Arthritis and Cardiac toxicity.
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characteristics.

(20.0-26.2), P = 0.019], PD-L1 [10.77 pg/mL, 95% CI: (6.95-13.9)
vs. 2.05 pg/mL, 95% CI: (0-4.16), P = 0.022], and TIM-3 [4577
pg/mL, 95% CI: (4380-5228) vs. 2789 pg/mL, 95% CI: (2465-
3504), P = 0.043], were higher in patients who developed a rash
than in those who did not (Figure 2D, Supplementary Figure 1).

Association of irAEs with ICl response
and prognosis

Firstly, the treatment response in patients with and without
irAEs, who received ICIs, was compared. The results showed
that patients with irAEs had better tumor response (P = 0.029),
with higher percentages of PR (37.5% vs.14.8%) and SD (29.2%
vs. 14.8%), and a lower percentage of PD (33.3% vs.70.4%)
(Figure 3A, Table 1). Patients with irAEs also had higher PFS
(median survival: undefined vs. 2.1 months, P = 0.002) and OS
(median survival: undefined vs. 4.3 months, P = 0.003)
(Figure 3B). Then, we investigated the prognosis of patients
who received anti-PD-1 and anti-PD-L1 inhibitors separately.
Patients who received anti-PD-1 inhibitors and developed
irAEs had higher PFS (median survival: undefined vs. 2.1
months, P = 0.006) and OS (median survival: undefined vs. 3.3
months, P = 0.008) (Figure 3C). In patients who received anti-
PD-L1 inhibitors, there were no significant differences in PFS
(median survival: 5.37 vs. 2.73 months, P = 0.24) and OS
(median survival: undefined vs. 7.4 months, P = 0.17).
Furthermore, we explored the prognostic value of baseline
cytokines and found that patients with elevated BTLA (HR:
5.41; 95% CI: 1.19-24.58; log-rank P = 0.0168) or PD-1
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concentrations (HR: 5.127; 95% CI: 1.12-23.46; log-rank P =
0.0223) had higher OS (Figure 3D). However, none of the
cytokines were associated with significant differences in PFS.

Discussion

PD-1/PD-L1 axis blockade has reshaped the landscape of
tumor therapy, and has yielded unprecedented clinical success in
multiple advanced cancer types, including GI cancers (16, 17).
The use of ICIs is rising exponentially, with the development of
novel ICIs and expanding clinical trials for immunotherapy (18).
ICIs block key immunoregulatory pathways, thereby increasing
antitumor immunity, but can also cause irAEs. In this study, we
investigated 51 GI cancer patients who received anti-PD-1/PD-
L1 monotherapy, and found a 47.1% incidence of irAEs,
including 7.8% grade 3-5 irAEs. This was similar to a number
of previous studies, which have reported an incidence of 36.6-
85% for all grades and 12.6-26% for grades 3-5 in patients
receiving monotherapy (19-21). The incidence could approach
95% when combination therapies were used (22, 23). In addition
to the high morbidity of irAEs, a recent meta-analysis reported a
fatality rate of 1.3%, and as many as one third of the patients
were forced to terminate promising therapies due to toxicity
(24). Therefore, early recognition of severe irAEs is critical in
clinical practice for appropriate management of toxicities and
improving medical safety.

We explored baseline cytokine expression in GI cancer
patients, and found that CD28, IL-4, IL-15 and PD-L1
expression was significantly elevated in patients with grade 3-5
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irAEs compared to patients with grade 0-2 irAEs. Evidence
suggests that the CD28/CTLA-4 and PD-1/PD-L1 family play
fundamental roles in the regulation of strength, quality, and/or
duration of the lymphocytic antigen receptor signal, and in the
development and maintenance of immune tolerance (25). IL-4 is
a cytokine that induces proliferation/differentiation of T cells
and stimulates B cell activation. It is also a key regulator of
humoral and adaptive immunity (26). IL-15 induces
proliferation of natural killer cells and is characterized as a T
cell growth factor (27). In summary, cytokines possess potent
proinflammatory properties, including stimulation of immune
cell proliferation, differentiation, and effector functions;
therefore, enhanced CD28, IL-4, IL-15 and PD-L1 levels might
indicate uncontrolled severe irAEs.

IrAEs can affect a variety of organs, and may be associated
with a serious decline in organ function and quality of life (28,
29). Therefore, organ-specific irAEs are more meaningful and
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require early detection and appropriate management (30).
However, the mechanisms of organ-specific irAEs remains
unclear. Previous studies have suggested that excessive release
of cytokines activates specific immune components, e.g., GI
irAEs are associated with IL-17 (10), and cutaneous with IL-6
and IL-10 (31), while immune-related pneumonia is associated
with CD74 (32). However, for different tumor types, the
predictive markers remain discrepant (4, 33-35). To determine
predictive markers for GI cancer patients, we explored
relationships between specific cytokines and organ-specific
irAEs. In our study, IL-6 levels were higher in patients with
thyroiditis and colitis, while IL-22 and SCF levels were higher in
patients with colitis. Increased IL-1c, IL-21, LIF, and PIGF-1
levels were significantly associated with the incidence of
myositis, and the serum levels of six cytokines (BTLA, GM-
CSF, IL-4, PD-1, PD-L1 and TIM-3) were higher in patients who
developed a rash. These cytokines, produced by immune or
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FIGURE 3

Baseline serum cytokine levels related to clinical outcomes. (A) Bar Chart showing the response rate in patients with (n = 24) and without irAEs
(n = 27). (B) Kaplan-Meier survival curve of PFS and OS in the irAE (n = 24) and non-irAE (n = 27) groups. (C) Kaplan-Meier survival curve of
progression-free survival (PFS) and overall survival (OS) following anti-PD-L1 (n = 18) and anti-PD-1 (n = 33) treatment in irAE and non-irAE
groups. (D) OS of gastrointestinal cancer patients based on BTLA and PD-1 levels. CR: complete response, PR: partial response, SD: stable
disease, PD: progressive disease, PFS: progression-free survival, OS: overall survival. Kaplan-Meier survival curves were plotted for patients using
the median cutoff. Statistical significance was determined using the log-rank (Mantel-Cox) regression analysis, with the level of significance at P

< 0.05.

tumor cells, possess immunoregulatory functions in many
infectious and inflammatory disorders (36-39). Some of the
cytokines exert proinflammatory effects (36-38), while some
compromise the immunity in tumor-bearing individuals (39-
41). Although the exact mechanism remains unclear, it has been
suggested that pro- and anti-inflammatory factors interact in
patients with adverse reactions.

An association between the occurrence of irAEs and ICI
clinical efficacy has been reported (42, 43), but the results remain
controversial (44, 45). In this study, we found that patients with
irAEs had better tumor response and prognosis. The
mechanisms underlying the association between irAEs and
survival benefits are not completely understood. Antigen
mimicry theory is considered one of the most promising
hypotheses. Preclinical data have identified multiple epitopes
that are shared between tumor and normal cells (46, 47). The
release of shared antigens by ICI therapy might result in an
overlap of immune reactions toward tumors and normal tissues
(48), so the occurrence of irAEs may predict better treatment
responses. We also demonstrated the distinct prognostic value of
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irAEs for patients who received anti-PD-1 or anti-PD-L1
inhibitors. Similar results have also been reported previously,
i.e., that the association between irAEs and favorable survival
outcomes was significant for patients who received PD-1
inhibitors, but not CTLA-4 inhibitors (49). The reason for this
difference remains to be explored.

There were several limitations of this study. Although serum
cytokines are convenient and cost-effective as predictive markers
for safety, validation studies with larger samples are required to
prove their significance. Besides, cytokine levels change
dynamically with ICIs, so blood specimens for correlative
studies were planned at baseline and at several weeks.
Moreover, the molecular mechanism for serum cytokines to
predict irAEs was still unclear, which should be a direction for
further study in the future.

In conclusion, serological proteins are promising markers
that predict severe immune-related toxicity and prognosis in GI
cancer patients treated with anti-PD-1/anti-PD-L1
immunotherapy. Organ-specific irAEs have various cytokine
profiles. Although larger, multi-institutional cohorts are
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needed for further validation, these findings have important
clinical implications for understanding and managing severe,
potentially life-threatening irAEs.
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