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Background

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



Patients and methods

Metastatic GI 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-1α, 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 patients who received anti-PD-1 inhibitors, but not in those who received anti-PD-L1 inhibitors. 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 GI 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.
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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.

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 TGFβ 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-1a, IL-2, and IFNα2, 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 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 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% (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.


Table 1 | Patient’s characteristics.




Table 2 | Immune-related adverse events.





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).




Figure 1 | Baseline serum cytokine levels are significantly associated with irAE development and severity. Box plots (left) showing the distribution of serum cytokines (A) CD28, (B) IL-4, (C) IL-15, and (D) PD-L1 in grade 0-2 and 3-5 patients. ROC curve (right) analysis of sensitivity and specificity of serum cytokines (A) CD28, (B) IL-4, (C) IL-15, and (D) PD-L1 from baseline, to distinguish between grade 0-2 and 3-5 irAEs. The median of each group and P-value were calculated using the Mann-Whitney U test (P < 0.05). irAEs: immune-related adverse events, ROC: receiver operating characteristics.





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/mL, 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% CI: (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% CI: (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-1α [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: (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).




Figure 2 | Association between serum cytokine levels and organ-specific irAEs. (A) Box plots representing serum IL-6 levels (pg/mL) in thyroiditis (n = 9) and non-thyroiditis (n = 42) patients. (B) Box plots representing serum IL-6, IL-22, and SCF levels (pg/mL) in colitis (n = 7) and non-colitis (n = 44) patients. (C) Box plots representing serum IL-1α, IL-21, LIF, and PIGF-1 levels (pg/mL) in myositis (n = 5) and non-myositis (n = 46) patients. (D) Box plots representing serum BTLA, GM-CSF, IL-4, TIM-3, PD-L1, and PD-1 levels (pg/mL) in patients with (n = 3) and without rash (n = 48). The median of each group and P-value were calculated using the Mann-Whitney U test (P < 0.05).





Association of irAEs with ICI 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 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.




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.






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 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 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-1α, IL-21, LIF, and PlGF-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 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 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 needed for further validation, these findings have important clinical implications for understanding and managing severe, potentially life-threatening irAEs.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding authors.



Ethics statement

The studies involving human participants were reviewed and approved by Clinical Research Ethics Committee of Peking University Cancer Hospital and Institute Consent. The patients/participants provided their written informed consent to participate in this study.



Author contributions

ZL, HZ and LS designed the study. JG, JiaL, XZ, XW, ZP, CQ, ZW, JieL and YanL contributed to patient enrolment and data acquisition. XJ, YJW, NZ and MG analyzed and interpreted data. YNW,JZ and YunL performed bioinformatics analysis. YNW and JZ did experiments and wrote the manuscript. All authors read and approved the final manuscript.



Funding

This study was supported by the Clinical Medicine Plus X-Young Scholars Project of Peking University (PKU2021LCXQ030), the Digestive Medical Coordinated Development Center of Beijing Hospitals Authority (No. XXT19), Beijing Hospitals Authority Youth Programme (QML20191102), Natural Science Foundation of Shanghai (20YF1408900) and Beijing CSCO Clinical Oncology Research Foundation (Y2019Genecast-074).



Acknowledgments

We thank textcheck (http://www.textcheck.com) for providing linguistic assistance during the preparation of this manuscript.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fimmu.2022.987568/full#supplementary-material



References

1. Sung, H, Ferlay, J, Siegel, RL, Laversanne, M, Soerjomataram, I, Jemal, A, et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA: Cancer J Clin (2021) 71(3):209–49.

2. Boku, N, Ryu, MH, Kato, K, Chung, HC, Minashi, K, Lee, KW, et al. Safety and efficacy of nivolumab in combination with s-1/capecitabine plus oxaliplatin in patients with previously untreated, unresectable, advanced, or recurrent gastric/gastroesophageal junction cancer: interim results of a randomized, phase II trial (ATTRACTION-4). Ann Oncol Off J Eur Soc Med Oncol (2019) 30(2):250–8.

3. Overman, MJ, McDermott, R, Leach, JL, Lonardi, S, Lenz, HJ, Morse, MA, et al. Nivolumab in patients with metastatic DNA mismatch repair-deficient or microsatellite instability-high colorectal cancer (CheckMate 142): an open-label, multicentre, phase 2 study. Lancet Oncol (2017) 18(9):1182–91.

4. von Itzstein, MS, Khan, S, and Gerber, DE. Investigational biomarkers for checkpoint inhibitor immune-related adverse event prediction and diagnosis. Clin Chem (2020) 66(6):779–93.

5. Kennedy, LB, and Salama, AKS. A review of cancer immunotherapy toxicity. CA: Cancer J Clin (2020) 70(2):86–104.

6. Ramos-Casals, M, Brahmer, JR, Callahan, MK, Flores-Chávez, A, Keegan, N, Khamashta, MA, et al. Immune-related adverse events of checkpoint inhibitors. Nat Rev Dis primers (2020) 6(1):38.

7. Khoja, L, Day, D, Wei-Wu Chen, T, Siu, LL, and Hansen, AR. Tumour- and class-specific patterns of immune-related adverse events of immune checkpoint inhibitors: a systematic review. Ann Oncol Off J Eur Soc Med Oncol (2017) 28(10):2377–85.

8. Baxi, S, Yang, A, Gennarelli, RL, Khan, N, Wang, Z, Boyce, L, et al. Immune-related adverse events for anti-PD-1 and anti-PD-L1 drugs: systematic review and meta-analysis. BMJ (Clinical Res ed) (2018) 360:k793.

9. Laino, AS, Woods, D, Vassallo, M, Qian, X, Tang, H, Wind-Rotolo, M, et al. Serum interleukin-6 and c-reactive protein are associated with survival in melanoma patients receiving immune checkpoint inhibition. J immunotherapy Cancer (2020) 8(1):e000842.

10. Tarhini, AA, Zahoor, H, Lin, Y, Malhotra, U, Sander, C, Butterfield, LH, et al. Baseline circulating IL-17 predicts toxicity while TGF-β1 and IL-10 are prognostic of relapse in ipilimumab neoadjuvant therapy of melanoma. J immunotherapy cancer (2015) 3:39.

11. Lim, SY, Lee, JH, Gide, TN, Menzies, AM, Guminski, A, Carlino, MS, et al. Circulating cytokines predict immune-related toxicity in melanoma patients receiving anti-PD-1-Based immunotherapy. Clin Cancer Res an Off J Am Assoc Cancer Res (2019) 25(5):1557–63.

12. Lu, Z, Zou, J, Hu, Y, Li, S, Zhou, T, Gong, J, et al. Serological markers associated with response to immune checkpoint blockade in metastatic gastrointestinal tract cancer. JAMA network Open (2019) 2(7):e197621.

13. World Medical Association. Declaration of Helsinki: Ethical principles for medical research involving human subjects. Jama (2013) 310(20):2191–4.

14. Eisenhauer, EA, Therasse, P, Bogaerts, J, Schwartz, LH, Sargent, D, Ford, R, et al. New response evaluation criteria in solid tumours: revised RECIST guideline (version 1.1). Eur J Cancer (Oxford Engl 1990) (2009) 45(2):228–47.

15. Pavan, A, Calvetti, L, Dal Maso, A, Attili, I, Del Bianco, P, Pasello, G, et al. Peripheral blood markers identify risk of immune-related toxicity in advanced non-small cell lung cancer treated with immune-checkpoint inhibitors. oncologist (2019) 24(8):1128–36.

16. Janjigian, YY, Shitara, K, Moehler, M, Garrido, M, Salman, P, Shen, L, et al. First-line nivolumab plus chemotherapy versus chemotherapy alone for advanced gastric, gastro-oesophageal junction, and oesophageal adenocarcinoma (CheckMate 649): a randomised, open-label, phase 3 trial. Lancet (London England) (2021) 398(10294):27–40.

17. Sun, JM, Shen, L, Shah, MA, Enzinger, P, Adenis, A, Doi, T, et al. Pembrolizumab plus chemotherapy versus chemotherapy alone for first-line treatment of advanced oesophageal cancer (KEYNOTE-590): a randomised, placebo-controlled, phase 3 study. Lancet (London England) (2021) 398(10302):759–71.

18. Haslam, A, Gill, J, and Prasad, V. Estimation of the percentage of US patients with cancer who are eligible for immune checkpoint inhibitor drugs. JAMA network Open (2020) 3(3):e200423.

19. Kudo, T, Hamamoto, Y, Kato, K, Ura, T, Kojima, T, Tsushima, T, et al. Nivolumab treatment for oesophageal squamous-cell carcinoma: an open-label, multicentre, phase 2 trial. Lancet Oncol (2017) 18(5):631–9.

20. Muro, K, Chung, HC, Shankaran, V, Geva, R, Catenacci, D, Gupta, S, et al. Pembrolizumab for patients with PD-L1-positive advanced gastric cancer (KEYNOTE-012): a multicentre, open-label, phase 1b trial. Lancet Oncol (2016) 17(6):717–26.

21. Chen, X, Nie, J, Dai, L, Hu, W, Zhang, J, Han, J, et al. Immune-related adverse events and their association with the effectiveness of PD-1/PD-L1 inhibitors in non-small cell lung cancer: A real-world study from China. Front Oncol (2021) 11:607531.

22. Larkin, J, Chiarion-Sileni, V, Gonzalez, R, Grob, JJ, Cowey, CL, Lao, CD, et al. Combined nivolumab and ipilimumab or monotherapy in untreated melanoma. New Engl J Med (2015) 373(1):23–34.

23. Postow, MA, Sidlow, R, and Hellmann, MD. Immune-related adverse events associated with immune checkpoint blockade. New Engl J Med (2018) 378(2):158–68.

24. Wang, DY, Salem, JE, Cohen, JV, Chandra, S, Menzer, C, Ye, F, et al. Fatal toxic effects associated with immune checkpoint inhibitors: A systematic review and meta-analysis. JAMA Oncol (2018) 4(12):1721–8.

25. Okazaki, T, and Okazaki, IM. Stimulatory and inhibitory Co-signals in autoimmunity. Adv Exp Med Biol (2019) 1189:213–32.

26. Gadani, SP, Cronk, JC, Norris, GT, and Kipnis, J. IL-4 in the brain: a cytokine to remember. J Immunol (Baltimore Md 1950) (2012) 189(9):4213–9.

27. Steel, JC, Waldmann, TA, and Morris, JC. Interleukin-15 biology and its therapeutic implications in cancer. Trends Pharmacol Sci (2012) 33(1):35–41.

28. Leighl, NB, Hellmann, MD, Hui, R, Carcereny, E, Felip, E, Ahn, MJ, et al. Pembrolizumab in patients with advanced non-small-cell lung cancer (KEYNOTE-001): 3-year results from an open-label, phase 1 study. Lancet Respir Med (2019) 7(4):347–57.

29. Hellmann, MD, Paz-Ares, L, Bernabe Caro, R, Zurawski, B, Kim, SW, Carcereny Costa, E, et al. Nivolumab plus ipilimumab in advanced non-Small-Cell lung cancer. New Engl J Med (2019) 381(21):2020–31.

30. Jia, XH, Geng, LY, Jiang, PP, Xu, H, Nan, KJ, Yao, Y, et al. The biomarkers related to immune related adverse events caused by immune checkpoint inhibitors. J Exp Clin Cancer Res CR (2020) 39(1):284.

31. Phillips, GS, Wu, J, Hellmann, MD, Postow, MA, Rizvi, NA, Freites-Martinez, A, et al. Treatment outcomes of immune-related cutaneous adverse events. J Clin Oncol Off J Am Soc Clin Oncol (2019) 37(30):2746–58.

32. Tahir, SA, Gao, J, Miura, Y, Blando, J, Tidwell, RSS, Zhao, H, et al. Autoimmune antibodies correlate with immune checkpoint therapy-induced toxicities. Proc Natl Acad Sci United States America (2019) 116(44):22246–51.

33. Peng, L, Wang, Y, Liu, F, Qiu, X, Zhang, X, Fang, C, et al. Peripheral blood markers predictive of outcome and immune-related adverse events in advanced non-small cell lung cancer treated with PD-1 inhibitors. Cancer immunology immunotherapy CII (2020) 69(9):1813–22.

34. Tay, SH, Toh, MMX, Thian, YL, Vellayappan, BA, Fairhurst, AM, Chan, YH, et al. Cytokine release syndrome in cancer patients receiving immune checkpoint inhibitors: A case series of 25 patients and review of the literature. Front Immunol (2022) 13:807050.

35. Tyan, K, Baginska, J, Brainard, M, Giobbie-Hurder, A, Severgnini, M, Manos, M, et al. Cytokine changes during immune-related adverse events and corticosteroid treatment in melanoma patients receiving immune checkpoint inhibitors. Cancer immunology immunotherapy CII (2021) 70(8):2209–21.

36. Goodman, WA, Levine, AD, Massari, JV, Sugiyama, H, McCormick, TS, and Cooper, KD. IL-6 signaling in psoriasis prevents immune suppression by regulatory T cells. J Immunol (Baltimore Md 1950) (2009) 183(5):3170–6.

37. Rutz, S, Eidenschenk, C, and Ouyang, W. IL-22, not simply a Th17 cytokine. Immunol Rev (2013) 252(1):116–32.

38. Möller, B, and Villiger, PM. Inhibition of IL-1, IL-6, and TNF-alpha in immune-mediated inflammatory diseases. Springer Semin immunopathology (2006) 27(4):391–408.

39. Gavriilidis, GI, Ntoufa, S, Papakonstantinou, N, Kotta, K, Koletsa, T, Chartomatsidou, E, et al. Stem cell factor is implicated in microenvironmental interactions and cellular dynamics of chronic lymphocytic leukemia. Haematologica (2021) 106(3):692–700.

40. Lee, WC, Hsu, PY, and Hsu, HY. Stem cell factor produced by tumor cells expands myeloid-derived suppressor cells in mice. Sci Rep (2020) 10(1):11257.

41. Welc, SS, Flores, I, Wehling-Henricks, M, Ramos, J, Wang, Y, Bertoni, C, et al. Targeting a therapeutic LIF transgene to muscle via the immune system ameliorates muscular dystrophy. Nat Commun (2019) 10(1):2788.

42. Haratani, K, Hayashi, H, Chiba, Y, Kudo, K, Yonesaka, K, Kato, R, et al. Association of immune-related adverse events with nivolumab efficacy in non-Small-Cell lung cancer. JAMA Oncol (2018) 4(3):374–8.

43. Okada, N, Kawazoe, H, Takechi, K, Matsudate, Y, Utsunomiya, R, Zamami, Y, et al. Association between immune-related adverse events and clinical efficacy in patients with melanoma treated with nivolumab: A multicenter retrospective study. Clin Ther (2019) 41(1):59–67.

44. Rogado, J, Sánchez-Torres, JM, Romero-Laorden, N, Ballesteros, AI, Pacheco-Barcia, V, Ramos-Leví, A, et al. Immune-related adverse events predict the therapeutic efficacy of anti-PD-1 antibodies in cancer patients. Eur J Cancer (Oxford Engl 1990) (2019) 109:21–7.

45. Ksienski, D, Wai, ES, Croteau, N, Fiorino, L, Brooks, E, Poonja, Z, et al. Efficacy of nivolumab and pembrolizumab in patients with advanced non-Small-Cell lung cancer needing treatment interruption because of adverse events: A retrospective multicenter analysis. Clin Lung cancer (2019) 20(1):e97–e106.

46. Cui, J, and Bystryn, JC. Melanoma and vitiligo are associated with antibody responses to similar antigens on pigment cells. Arch Dermatol (1995) 131(3):314–8.

47. Houghton, AN, Eisinger, M, Albino, AP, Cairncross, JG, and Old, LJ. Surface antigens of melanocytes and melanomas. markers of melanocyte differentiation and melanoma subsets. J Exp Med (1982) 156(6):1755–66.

48. Läubli, H, Koelzer, VH, Matter, MS, Herzig, P, Dolder Schlienger, B, Wiese, MN, et al. The T cell repertoire in tumors overlaps with pulmonary inflammatory lesions in patients treated with checkpoint inhibitors. Oncoimmunology (2018) 7(2):e1386362.

49. Zhou, X, Yao, Z, Yang, H, Liang, N, Zhang, X, and Zhang, F. Are immune-related adverse events associated with the efficacy of immune checkpoint inhibitors in patients with cancer? a systematic review and meta-analysis. BMC Med (2020) 18(1):87.



Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Wang, Zou, Li, Jiao, Wang, Zhuo, Gao, Gong, Li, Zhang, Wang, Peng, Qi, Wang, Li, Li, Shen, Zhang and Lu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fimmu-13-987568-g002.jpg
150 .
100 i
Greup o 3 ..
ion-col
=Com| K .
s - .
0. . .
‘Non-colitis Colitis. ‘Non-Colitis Colitis
o P=001 -
7.
150 |
3 Non myosit . Group s
n-myo: s
s : it WTL s Myoae
2. P
00 [ [ —
Non-myost Wy ositis Non-myositis _ Myositis Non-myositis _ Mydsitis Non-myositis _ Myosits
« P=0031 1 « P=001 P=0.019
104
Growp o 3 Grow n 3
. n-ras| s jonras! ]
SREH s ELE s
- 5 .
e iy
[ ] 0] cmm—
Non-rash Rash Non-rash Rash
6000,
4000, Group
3 Noh-rash
= ZREH
2000,






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Serological biomarkers predict immune-related adverse events and clinical benefit in patients with advanced gastrointestinal cancers

      

        		

          Background

        



        		

          Patients and methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            Patients and study design

          



          		

            Serum samples and cytokine assay

          



          		

            Statistical analysis

          



        



        



        		

          Results

        

          		

            Baseline patient characteristics and adverse events

          



          		

            Association of cytokines with irAEs

          



          		

            Cytokine profiles in organ-specific irAEs

          



          		

            Association of irAEs with ICI response and prognosis

          



        



        



        		

          Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fimmu-13-987568-g001.jpg
30

value

10.

Grado 0-2 Grade 3.5
. P=0024
—
Grade 0-2 __ Grade 35

CD28

1.0

Group

Gradeo2 §°°
Grade 3.5
02
©D28 AUC (85% CI): 0.81 [0.59-1]
P =00208

0.0

00 [£3 050 775 To0

1 - Specificity

1L-15 AUC (85% C1): 0.77 [0.51-1]
P=00118

500 025 5,50
1 - Specificity

575

To0

« P=0033

Grade 0-2 Grade 35

* P=0018

IL-4

Group
Grado 0-2
Grade 3.5

Group
Grade 0-2
Grade 3.5

1.0

07

0.5

0.2
IL~4 AUC (95% Cl): 0.61 [0.37-0.85]
P=00164

oo 4

60 725 750 (55 00
1 - Specificity

6.00

PD-L1 AUC (95% CI): 0.85 [0.67-1]
P =0.0088

025 0.50 075 .00

1 - Specificity





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
irAE Category 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

Age at diagnosis(year)
Median age (range)

Gender, N (%)

Male

Female

Original site, N (%)
Esophagus

Stomach

Colorectum

Others

Treatment option, N (%)
anti-PD-1

anti-PD-L1

Best overall tumor response, N (%)
Partial Response

Stable Disease

Progressive Disease

Response group, N (%)
Durable clinical benefit (DCB)
No durable benefit (NDB)

All patients (N = 51)

52 (22-77)

34 (66.7)
17 (33.3)

12 (23.5)
17 (33.3)
11 (21.6)
11 (21.6)

33 (64.7)
18 (35.3)

13 (25.5)
11 (21.6)
27 (52.9)

19 (37.3)
32 (62.7)

Patients with irAEs (N = 24)

54 (26-77)

16 (66.7)
8 (333)

18 (75.0)
6 (25.0)

9 (37.5)
7(29.2)
8(33.3)

12 (50.0)
12 (50.0)

Patients with no irAEs (N = 27)

52 (22-71)

18 (66.7)
9(33.3)

6(22.2)
9(33.3)
6(22.2)
6(22.2)

15 (55.5)
12 (44.5)

4(14.8)
4(14.8)
19 (70.4)

7 (25.9)
20 (74.1)





