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Introduction: Recent developments in immune checkpoint inhibitors (ICIs)

have improved the treatment outcomes of esophageal cancer (EC); however, it

may initiate immune-related adverse events (irAEs) in some patients. The ICIs’

therapeutic efficacy is associated with irAEs in patients with non-small cell lung

cancer or renal cell carcinoma, although this association is unknown in EC. The

purpose of this study was to explore the association between irAEs and the

efficacy of programmed death 1 (PD-1) inhibitors in EC patients.

Patients and methods: This study included patients with advanced EC treated

with PD-1 inhibitors. The patients were divided into two groups according to

the occurrence of irAEs. Afterward, the efficacy was compared between the

irAE-negative and irAE-positive groups, and we analyzed the predictive factors

of irAEs and survival.

Results: Overall, 295 patients were included in this study. Baseline

characteristics were balanced in the irAE-negative and irAE-positive groups.

In total, 143 (48.47%) patients experienced irAEs. The most frequent irAEs were

anemia (49, 16.61%), hyperthyroidism (45, 15.25%), and pneumonitis (44,

14.92%). In total, 33 (11.19%) patients had grade ≥ 3 irAEs and pneumonitis

have 15 (5.08%). No grade 5 adverse events were observed. A total of 52

(17.63%) and 91 (30.85%) patients had single and multiple irAEs, respectively.

Compared with patients without irAEs, those with irAEs had significantly higher

objective response rate (ORR) (37.76% vs. 25.00%, p = 0.018) and disease

control rate (DCR) (92.31% vs. 83.55%, p = 0.022). Univariate Cox analyses

indicated the significant association between irAEs and improved median

progression-free survival (PFS) (10.27 vs. 6.2 months, p < 0.001) and overall

survival (OS) (15.4 vs. 9.2 months, p < 0.001). In multivariate analyses, irAEs were

independently associated with longer PFS (p = 0.011) and OS (p = 0.002).

Moreover, multivariate analysis revealed that cycles > 8, radiation, as well as

antiangiogenic therapy were strongly associated with irAEs development (p <

0.001, p = 0.002, and p = 0.025, respectively).
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Conclusion: In advanced EC, patients with irAEs showed markedly better

efficacy in ORR, DCR, PFS, and OS compared with patients without irAEs.
KEYWORDS

esophageal cancer, immune-related adverse events, PD-1 inhibitors, immune
checkpoint inhibitors, prognostic marker
Introduction

Esophageal cancer (EC) ranks seventh in the incidence of

cancer and the sixth most frequent cause of cancer-related death

worldwide (1). However, conventional radiotherapy and

chemotherapy have limited efficacy and cause serious adverse

effects for EC patients. Recently, immune checkpoint inhibitors

(ICIs) have become an essential and promising therapy for

advanced EC (2). Programmed death 1 (PD-1) and

programmed death-ligand 1 (PD-L1) are immune checkpoints,

whose inhibitors have been found to trigger T lymphocytes,

inhibit the growth of cancer cells, and improve survival in

cancer patients (3 , 4) . Unti l recent ly , nivolumab,

pembrolizumab, and camrelizumab plus chemotherapy, which

have resulted in a more prolonged overall survival (OS) and

progression-free survival (PFS) compared to cytotoxic

chemotherapy, are recommended as first-line treatment for

advanced EC patients (5–8).

However, it has to be noticed that ICIs can cause immune-

related adverse events (irAEs), which may occur in any organ

system and may be permanent or even life-threatening. IrAEs

might impair quality of life or even lead to death (9). The

incidence rate of irAEs of any grade has been reported to be 66%

with PD-1/L1 inhibitors, and combination therapy can increase

the risk of irAEs in patients with multiple solid tumor types (10–

13). Although the mechanism of irAEs is unclear, a potential

mechanism might be that ICIs enhance systemic T-cell activity

resulting in the loss of immune tolerance in individual organs,

which causes irAEs (14). Some retrospective studies have

claimed that the occurrence of irAEs is associated with better

treatment response or prognosis, such as objective response rate

(ORR), disease control rate (DCR), PFS, and OS, in renal cell

carcinoma and non-small cell lung cancer (NSCLC) (15–19).

However, currently, reliable data regarding the relationship

between irAEs and prognosis in patients with advanced EC

treated with PD-1 inhibitors are insufficient.

In this study, we aimed to investigate the potential

association between irAEs and outcomes of PD-1 inhibitors

and identify factors related to the outcomes of PD-1 inhibitors

treatment in patients with advanced EC.
02
Methods

Patients

Patients with histologically confirmed EC who had been

treated with ICIs therapy at least two doses between January

2018 and August 2021 at Shandong Cancer Hospital and

Institute, Shandong First Medical University were included in

this study. Patients who had previously received ICIs were

excluded. We reviewed the medical records and the following

patient characteristics prior to initiation of ICIs treatment: age,

sex, Eastern Cooperative Oncology Group Performance Status

(ECOG PS), stage, histology, history of surgery, metastatic sites,

immunotherapy line, and lactate dehydrogenase (LDH) level.

The PS at the initiation of ICIs therapy was evaluated by the

ECOG PS scale. The disease stage was evaluated on the basis of

the American Joint Committee on Cancer VIII staging system.

Clinical assessments were performed by the Response

Evaluation Criteria in Solid Tumors version 1.1 criteria at

baseline and every 2-3 courses (every two months). The best

overall response was defined as the best response achieved after

the initiation of PD-1 inhibitors. Data regarding irAEs were

collected from clinical notes, hospitalization records, and

laboratory values. All irAEs were graded by the senior doctors

according to the Common Terminology Criteria for Adverse

Events version 5.0. Multiple irAEs were defined as irAEs of ≥ 2.

All patients were divided into an irAE-positive group (with

irAEs) and an irAE-negative group (without irAEs) based on the

occurrence of irAEs. Differences in efficacy were analyzed

between the irAE-positive and irAE-negative groups.
Statistical analysis

Categorical data were analyzed based on the chi-squared

test, and Student’s t-test was performed to analyze quantitative

data. Survival data were evaluated with both Kaplan-Meier and

log-rank tests. Logistic regression analyses were used to

determine whether data were associated with irAEs. Univariate

and multivariate comparisons of PFS and OS were performed
frontiersin.org
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using Cox proportional hazards regression models. A two-tailed

p < 0.05 was considered statistically significant. Statistical

analyses were performed with IBM SPSS 26.0.
Results

Patient characteristics

This study included 295 patients. The median age was 60

(range, 36–84) years, the majority were male (259, 87.8%), and

210 (71.2%) patients received at least one prior systemic

treatment. 23 were treated with immunotherapy alone, 95 with

immunotherapy combined with chemotherapy, 148 with

immunotherapy combined with radiotherapy, and 29 with

immunotherapy combined with antiangiogenic therapy.

There were no significant differences in baseline

characteristics between patients with and without irAEs

(Supplementary Table 1).
Incidence of immune-related
adverse events

In total, 143 (48.47%) patients experienced irAEs. The most

frequent irAEs were anemia (49, 16.61%), hyperthyroidism (45,

15.25%), and pneumonitis (44, 14.92%). In total, 33 (11.19%)

patients experienced ≥ 3 grade irAEs, with the most frequent

being pneumonitis (15, 5.08%). It was not observed that grade 5

adverse events related to immunotherapy. A total of 52 (17.63%)

and 91 (30.85%) patients had single and multiple irAEs,
Frontiers in Immunology 03
respectively. Twenty-three of the patients who experienced

irAEs were treated with glucocorticoid for serious irAEs, and

10 patients with endocrine irAEs required hormonal

replacement therapy. The details of irAEs are described

in Table 1.
Association between irAEs and the
efficacy of PD-1 inhibitors

Patients who presented with irAEs had better ORR (37.76%

vs. 25.00%, p = 0.018) and DCR (92.31% vs. 83.55%, p = 0.022)

than those without irAEs, as shown in Figure 1 and Table 2.

Patients in irAE-positive group had higher median PFS

compared with patients in the irAE-negative group (10.27

months vs. 6.2 months; hazard ratio [HR], 0.509; 95%

confidence interval [CI], 0.374–0.694; p < 0.001) (Figure 2A).

Patients in the irAE-positive group had higher median OS

compared with those in the irAE-negative group (15.4 months

vs. 9.2 months; HR, 0.420; 95% CI, 0.301–0.585; p <

0.001) (Figure 2B).

Interestingly, even in patients who received ICIs for ≤ 8

cycles (n = 221), the median PFS and OS were significantly

longer in the irAE-positive group (n = 92) than in the irAE-

negative group (n = 129) (PFS: 5.7 months vs. 4.6 months; HR,

0.682; 95% CI, 0.488–0.953; p = 0.024; OS: 11.2 months vs. 7.1

months; HR, 0.585; 95% CI, 0.413–0.829; p = 0.002).

When analyzing survival outcomes based on the number of

irAEs, patients who presented with a single irAE (n = 52) had a

significantly longer PFS and OS compared to those with ≥ 2

irAEs (n = 91) or who did not experience irAEs (n = 152) (PFS:
TABLE 1 Immune-related adverse events according to category and grade.

Category Total N (%) Grade 1-2 N (%) Grade 3-4 N (%)

Any 143 (48.47) 110 (37.29) 33 (11.19)

Anemia 49 (16.61) 44 (14.92) 5 (1.69)

Hyper/hypothyroidism 45 (15.25) 43 (14.58) 2 (0.68)

Pneumonitis 43 (14.58) 28 (9.49) 15 (5.08)

Cardiovascular toxicities 35 (11.86) 32 (10.85) 3 (1.02)

Fatigue 23 (7.80) 22 (7.46) 1 (0.34)

Thrombocytopenia 22 (7.46) 20 (6.80) 2 (0.68)

Fever 17 (5.76) 17 (5.76) 0 (0)

Elevated transaminase 16 (5.42) 13 (4.41) 3 (1.02)

Anorexia 15 (5.08) 1 (0.34) 0 (0)

Reactive cutaneous capillary
endothelial proliferation

13 (4.41) 12 (4.07) 1 (0.34)

Nausea/vomiting 10 (3.39) 10 (3.39) 0 (0)

Rash 5 (1.69) 4 (1.36) 1 (0.34)

Pruritus 5 (1.69) 5 (1.69) 0 (0)

Arthralgia/Myalgia 4 (1.36) 4 (1.36) 0 (0)

Diarrhea/colitis 1 (0.34) 1 (0.34) 0 (0)
frontiersin.org

https://doi.org/10.3389/fimmu.2022.931429
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Qin et al. 10.3389/fimmu.2022.931429
12.1 vs. 8.5 vs. 6.2 months, p < 0.001; OS: 23.9 vs. 12.9 vs. 9.2

months, p < 0.001) (Figures 3A, B).

Among the various irAEs, no significant association between

pneumonia or skin et al. irAEs and survival was observed in

our study.
Univariate and multivariate cox
analyses of PFS and OS

Univariate analysis revealed that ECOG PS ≥ 2, number of

organs with metastases ≥ 2, cycles ≤ 8, LDH level > the upper

limit of normal (ULN), and without irAEs were significantly

associated with shorter PFS. Multivariate analysis demonstrated

that ECOG PS ≥ 2, cycles ≤ 8, LDH level > the ULN, and no

irAEs were independent factors for worse PFS (Table 3).

Univariate analysis showed that ECOG PS ≥ 2,

immunotherapy line ≥ 2nd, cycles ≤ 8, no radiation, LDH >
Frontiers in Immunology 04
the ULN, and no irAEs were associated with poor OS.

Multivariate analysis of OS showed that ECOG PS ≥ 2,

immunotherapy line ≥ 2nd, cycles ≤ 8, no radiation, and no

irAEs were independent poor prognostic factors (Table 4).

Age, sex, history of surgery, history of smoking, and history

of alcohol consumption were not associated with PFS or OS

(Supplementary Table 2).
Prognostic factors predicting irAEs

Patients who received PD-1 inhibitors for > 8 cycles,

combination radiation, or antiangiogenic therapy during

immunotherapy were found to have an increased risk of irAEs

by univariate and multivariate analyses. No significant

associations between irAEs and age, sex, ECOG PS, therapy

line, or a number of organs with metastases and LDH level were

observed (Table 5).
FIGURE 1

The fraction of patients with the best overall response in patients with or without irAEs. CR, complete response; PR, partial response; SD, stable
disease; PD, progressive disease; irAEs, immune-related adverse events.
TABLE 2 Best overall response during PD-1 inhibitors.

All patients irAE - group irAE + group p value

Total 295 152 143

CR/PR 92 38 54

SD 167 89 78

PD 36 25 11

ORR, % 31.19 25.00 37.76 0.018*

DCR, % 87.80 83.55 92.31 0.022*
fronti
CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; ORR, objective response rate; DCR, disease control rate; irAEs, immune-related adverse events.
*p<0.05.
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Discussion

ICIs have shown superior therapeutic efficacy and prognosis

in patients with EC. However, ICIs treatment is frequently

accompanied by irAEs. It is unclear whether the development

of irAEs is related to the better outcome of ICIs in patients with

EC. To our knowledge, this study demonstrates that patients

with irAEs had superior outcomes from PD-1 inhibitors,
Frontiers in Immunology 05
including higher ORR and DCR, and better PFS and OS in

patients with advanced EC.

A significant association has been reported with increased

survival after ICIs treatment for irAEs in gastrointestinal cancer

(20) or NSCLC (16, 17). However, whether the occurrence of

irAEs indicates a superior response and survival outcomes in

melanoma patients remains contentious (21, 22). This indicates

that the differences in the association between irAEs and ICIs
B

A

FIGURE 2

Progression-free survival and overall survival after the treatment of PD-1 inhibitors depending on the development of irAEs using Kaplan-Meier
method. Kaplan–Meier curves for (A) progression-free survival and (B) overall survival in patients with or without irAE. irAEs, immune-related
adverse events; HR, hazard ratio; CI, confidence interval.
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treatment may differ in different tumors. Thus, this study

evaluated the association between irAEs and the clinical

outcomes of PD-1 inhibitors treated in advanced EC. Although

the actual pathophysiology of irAEs has not been completely

elucidated, various mechanisms have been reported to explain the

development of irAEs. IrAEs may be triggered by antigens

commonly shared by tumors and normal tissues, which then
Frontiers in Immunology 06
release T cells to attack these two tissues, producing both response

and toxicity. In a prospective study of 73 NSCLC patients who

received PD-1 inhibitors, TCR clonotype analysis was made on

four patients with skin irAEs, and common T-cell clones were

found to exist in both the skin and tumor in four patients (23).

Another study showed that pre-existing organ-specific antigen

exposure may be responsible for the irAEs from ICIs (4, 24).
B

A

FIGURE 3

Progression-free survival and overall survival after the initiation of PD-1 inhibitors depending on the number of irAEs using Kaplan-Meier
method. Kaplan–Meier curves for (A) progression-free survival and (B) overall survival in patients with ≥2 irAEs compared with those with one
irAE and none irAEs. irAEs, immune-related adverse events; CI, confidence interval.
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The potential risk factors, along with supporting evidence,

include potential germline genetic factors, autoimmune diseases,

radiotherapy, chemotherapy, targeted therapy, and preexisting

autoantibodies (25, 26). In the present study, combination

treatment with ICIs and radiation or antiangiogenic therapy

were risk factors for irAEs.

Mounting evidence indicates that concomitant use of

chemotherapy, targeted therapy, or radiotherapy with ICIs

enhances efficacy, but leads to the risk of augmented treatment

toxicities (26–28). In addition to inducing immunogenic cell

death and priming and activation of naive T cells (29),

radiotherapy can also produce immunogenic damage to

nontumor cells and increase immune cell infiltration, leading

to increased irAEs when combined with ICIs. Antiangiogenic

therapies can induce the upregulation of PD-L1 in endothelial

and tumor cells, resulting in an increased risk of irAEs when

combined with ICIs (30). In contrast, the finding of > 8 PD-1

inhibitors > 8 cycles was also related to the high risk of irAEs in

this study. Prolonged ICIs administration may result in a higher

incidence of irAEs.With the increase in ICIs treatment cycles and

doses, the enhanced activity of T lymphocytes and high levels of

cytokines and inflammatory factors lead to side effects in normal

tissues (31). Multi-institutional randomized controlled trials are

required to identify predictive biomarkers of irAEs.
Frontiers in Immunology 07
Several retrospective studies found that patients with multiple

irAEs have better survival outcomes than in those with single or

no irAEs (16, 32, 33), which may be explained by the development

of multiple irAEs reflecting the immune system effectively

targeting several organs and sustaining antitumor responses.

However, those studies were mostly restricted to a handful of

patients included, and the mechanisms of this association have yet

to be identified. Interestingly, our study showed that patients with

a single irAE had longer PFS and OS than those with multiple

irAEs and no irAEs. In total, 29 (9.83%) patients had ≥ 3 grade

irAEs among patients with multiple irAEs. The result of patients

with multiple irAEs having a worse prognosis than those with

single irAEs may be attributed to the serious adverse events that

improve the danger of death and neutralize the efficacy of ICIs.

Thus, additional studies are needed to elucidate the association

between irAEs and ICIs efficacy (34).

This study has several limitations. Most importantly, this

was a retrospective investigation, and there was an unavoidable

bias in the selection of patients and potential confounding

factors. Second, the mechanisms of irAEs were unclear; thus,

further studies are required to illustrate the related results.

Considering these limitations, we should carefully interpret the

current results and conduct prospective studies to verify the

findings of the association between irAEs and ICIs efficacy.
TABLE 3 Results of univariate and multivariate analyses showing factors affecting the progression-free survival.

Variables Univariate analysis Multivariate analysis

HR for PFS (95% CI) p value HR for PFS (95% CI) p value

ECOG PS

<2 1.750 (1.296-2.362) <0.001* 1.607 (1.170-2.206) 0.003*

≥2

Number of organs with Metastases

<2 1.408 (1.028-1.928) 0.033* 1.366 (0.975-1.913) 0.070

≥2

Immunotherapy line

1st 1.270 (0.911-1.771) 0.159

≥2nd

Cycles

≤8 0.177 (0.115-0.273) <0.001* 0.196 (0.125-0.307) <0.001*

>8

Radiation

No 0.720 (0.514-1.007) 0.055

Yes

LDH level

≤ULN 1.440 (1.006-2.063) 0.046* 1.416 (0.965-2.079) 0.076

>ULN

Group

irAE(-) 0.509 (0.374-0.694) <0.001* 0.655 (0.474-0.907) 0.011*

irAE(+)
fronti
ECOG PS, Eastern Cooperative Oncology Group Performance Status; HR, hazard ratio; CI, confidence interval; LDH, lactate dehydrogenase; ULN, upper limit of normal; irAEs, immune-
related adverse events; PFS, progression-free survival. *p<0.05.
ersin.org

https://doi.org/10.3389/fimmu.2022.931429
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Qin et al. 10.3389/fimmu.2022.931429
TABLE 4 Results of univariate and multivariate analyses showing factors affecting the overall survival.

Variables Univariate analysis Multivariate analysis

HR for OS (95% CI) p value HR for OS (95% CI) p value

ECOG PS

<2 1.703 (1.243-2.335) 0.001* 1.470 (1.056-2.046) 0.022*

≥2

Number of organs with Metastases

<2 1.034 (0.739-1.448) 0.845

≥2

Immunotherapy line

1st 2.052 (1.390-3.030) <0.001* 1.755 (1.179-2.612) 0.006*

≥2nd

Cycles

≤8 0.170 (0.098-0.295) <0.001* 0.186 (0.104-0.333) <0.001*

>8

Radiation

No 0.571 (0.397-0.821) 0.002* 0.668 (0.451-0.988) 0.043*

Yes

LDH level

≤ULN 1.471 (1.026-2.111) 0.036* 1.339 (0.927-1.934) 0.120

>ULN

Group

irAE(-) 0.420 (0.301-0.585) <0.001* 0.565 (0.397-0.806) 0.002*

irAE(+)
Frontiers in Immunology
 08
 fronti
ECOG PS, Eastern Cooperative Oncology Group Performance Status; HR, hazard ratio; CI, confidence interval; LDH, lactate dehydrogenase; ULN, upper limit of normal; irAEs, immune-
related adverse events; OS, overall survival. *p<0.05.
TABLE 5 Results of univariate and multivariate analyses showing factors affecting the irAEs.

Variables Univariate analysis Multivariate analysis

OR (95% CI) p value OR (95% CI) p value

Age (>60) 1.443 (0.913-2.283) 0.117

Sex (female) 1.217 (0.605-2.446) 0.582

ECOG PS (≥ 2) 0.658 (0.410-1.056) 0.083

Therapy line (≥ 2) 0.681 (0.410-1.130) 0.137

Number of organs with metastases (≥ 2) 0.741 (0.457-1.201) 0.224

Cycles>8 3.109 (1.776-5.444) <0.001* 3.062 (1.726-5.432) <0.001*

Radiation 2.121 (1.288-3.492) 0.003* 2.332 (1.382-3.936) 0.002*

Antiangiogenic therapy 1.934 (1.007-3.711) 0.047* 2.189 (1.101-4.353) 0.025*

LDH level (>ULN) 0.763 (0.440-1.325) 0.337
ECOG PS, Eastern Cooperative Oncology Group Performance Status; OR, odds ratio; CI, confidence interval; LDH, lactate dehydrogenase; ULN, upper limit of normal. *p<0.05.
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Conclusion

The occurrence of irAEs predicts better survival outcomes,

including patients receiving PD-1 inhibitors ≤ 8 cycles, in

advanced EC. We believe that the development of irAEs can

potentially be an effective and promising marker of survival in

advanced EC.
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