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Background

Whether irAEs can predict the efficacy of PD-1 inhibitors in cholangiocarcinoma (CCA) has not been assessed. Therefore, this study aims to investigate the correlation between irAEs and the therapeutic effect of PD-1 inhibitors combination therapy in patients with advanced CCA.





Methods

All patients with CCA who were consecutively admitted to the inpatient unit of our hospital and received PD-1 inhibitors combination therapy between September 2020 and April 2022 were screened. In total, 106 patients with CCA were screened out. We then followed up these patients until October 2022. Due to perioperative use (n=28), less than 2 cycles of PD-1 inhibitor therapy (n=9), incomplete data (n=8) and no pathological report (n=2), 59 patients were included in the final analysis. The patients were divided into the irAEs cohort and the non-irAEs cohort according to whether they experienced irAEs or not. The Log-Rank test was performed to compare the difference in survival time between these two cohorts. We then applied multivariate COX regression analysis to investigate whether irAEs were independent prognostic factors for survival in patients with advanced CCA.





Results

Finally, 32 patients were included in the irAEs cohort and 27 patients in the non-irAEs cohort. A total of 32 patients (54.2%) had any-grade irAEs, of which 4 patients (6.8%) had grade 3-4 irAEs. The most common irAEs were thyroid toxicity (30.5%) and dermatologic toxicity (30.5%). There were no notable differences in demographics and clinical characteristics between the irAEs and non-irAEs cohorts, except for total bilirubin level (P=0.026) and relapse (P=0.016). The disease control rate (DCR) in the irAEs cohort was higher than in the non-irAEs cohort (90.6% vs 70.4%, P=0.047). Median overall survival (OS) and median progression-free survival (PFS) were better in the irAEs cohort than in the non-irAEs cohort (OS: 21.2 vs 10.0 months, P<0.001; PFS: 9.0 vs 4.4 months, P=0.003). Multivariate COX regression analysis showed that irAEs were independent prognostic factors for OS and PFS (OS: HR=0.133, 95% CI: 0.039-0.452, P=0.001; PFS: HR=0.435, 95% CI: 0.202-0.934, P=0.033).





Conclusion

IrAEs correlated with improved DCR, OS, and PFS in advanced CCA patients receiving PD-1 inhibitors combination therapy.
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1 Introduction

Cholangiocarcinoma (CCA) is major type of biliary tract cancer (BTC) that originates from the bile duct epithelium (1). It is the second most common hepatobiliary cancer with high malignancy and poor prognosis (1). Depending on its anatomical location, CCA is divided into extrahepatic cholangiocarcinoma (ECC) and intrahepatic cholangiocarcinoma (ICC). CCA has few treatment options and is insensitive to both radiotherapy and chemotherapy. The onset of CCA is latent and is often at a later stage of the tumor when it is diagnosed (2). Surgery is currently the most effective treatment for CCA. However, only about 35% of patients with early-stage CCA can be treated with radical surgery. Even with radical surgery, patients still have a postoperative relapse rate of up to 70-75% (3, 4). Gemcitabine in combination with cisplatin has been the standard first-line treatment for patients with unresectable or metastatic CCA since 2010, based on the phase 3 ABC-02 trial (5). However, the overall survival (OS) of patients with advanced CCA treated with chemotherapy remains unsatisfactory.

With the ongoing development of precision medicine, immunotherapeutic drugs, particularly immune checkpoint inhibitors (ICIs), have made breakthroughs in cancer treatment. Inhibitors of the programmed cell death protein 1 (PD-1)/programmed death-ligand 1 (PD-L1) play an important therapeutic role in a wide range of tumors (6–9). In the phase 3 TOPAZ-1 trial in 685 patients with advanced BTC, durvalumab (a PD-L1 inhibitor) in combination with gemcitabine and cisplatin improved OS compared to placebo plus chemotherapy (median OS: 12.8 months vs 11.5 months, P=0.021) (10). Therefore, durvalumab plus gemcitabine and cisplatin is recommended as one of the preferred first-line regimens for advanced CCA. The efficacy of PD-1 inhibitors in CCA has also been extensively studied, but objective response rates (ORR) vary widely between studies, ranging from 17.5% to 40.9% (11–14). Therefore, there is a need to identify biomarkers that predict response to PD-1 inhibitors in CCA. Currently, deficient mismatch repair/microsatellite instability-high (dMMR/MSI-H), tumor mutation burden-high (TMB-H) and PD-L1 expression have been widely studied as biomarkers related to response to immunotherapy in solid tumors (15–17), but the evidence in CCA is insufficient (11, 12, 14, 18, 19). Recently, several biomarkers have been identified in ICC to predict the efficacy of PD-1inhibitors, including pre-treatment serum lipid levels, inflammation-based scores and immune-related RNA signatures (20–22). However, there is still a lack of clinical markers during treatment to identify patients who may benefit from PD-1 inhibitors in CCA. Interestingly, PD-1 inhibitors not only activated effector T cells, but also reduced regulatory T cells, which may play a key role in maintaining immune tolerance (23). As a result, the immune system can also attack normal cells, leading to immune-related adverse events (irAEs) (24). Several studies have shown that irAEs can serve as an effective clinical biomarker for PD-1 inhibitors in several cancers, such as lung, liver, gastric cancers, and melanoma (24–28). However, there is a lack of studies on whether irAEs may play a similar role in CCA.

Therefore, this retrospective cohort study aims to investigate the correlation between irAEs and the efficacy of PD-1 inhibitors combination therapy in CCA patients. It will provide a theoretical basis for whether irAEs can be considered as a clinical marker for predicting the efficacy of PD-1 inhibitors combination therapy, and provide evidence for the precise screening of CCA patients who may benefit from PD-1 inhibitors combination therapy.




2 Materials and methods



2.1 Participants

All CCA patients consecutively admitted to the inpatient unit of our hospital and received PD-1 inhibitors combination therapy between September 2020 and April 2022 were screened. A total of 106 patients with CCA were screened out. A pathology report was required for each patient. All patients were then followed up until October 2022.




2.2 Inclusion and exclusion criteria

Inclusion criteria; (1) pathologically diagnosed with CCA; (2) ≥18 years of age, no gender restrictions; (3) received PD-1 inhibitors in combination with chemotherapy or targeted therapy [including multi-target tyrosine kinase inhibitors (TKIs)]; (4) received at least two cycles of PD-1 inhibitors combination therapy; (5) Eastern Cooperative Oncology Group (ECOG) performance status (PS) score was 0-1. Exclusion criteria: (1) incomplete medical records; (2) received PD-1 inhibitor combinations therapy for perioperative treatment.




2.3 Measures

We reviewed electronic medical records and extracted demographic information and laboratory parameters of eligible patients, including gender, age, ECOG PS score, TNM stage, total bilirubin, alpha-fetoprotein (AFP), and carcinoembryonic antigen (CEA) before PD-1 inhibitors combination therapy. A fixed dose of 200mg for pembrolizumab, sintilimab, camrelizumab, and tislelizumab and 3 mg/kg or 240 mg for toripalimab was given intravenously every 3 weeks. The choice of PD-1 inhibitor for treatment does not follow strict guidelines, mainly because of the accessibility and price of the drugs. In addition, to date, no studies have shown which PD-1 inhibitor is more effective than others. According to National Comprehensive Cancer Network (NCCN) guidelines, CCA patients who developed irAEs require a decision-making team consisting of oncology, pharmacy, endocrinology, dermatology and pulmonology specialists. This team determined whether the patient needed to discontinue PD-1 inhibitors and received appropriate observation, levothyroxine supplementation, anti-allergy medication, and topical or systemic hormone therapy. Multi-target TKIs combined with PD-1 inhibitors were lenvatinib (8 mg orally per day) or anlotinib (10 mg orally once daily d1-14, every 3 weeks for one cycle), which are recommended by the China Society of Clinical Oncology (CSCO) guidelines for advanced BTC patients. The specific combination regimens for each patient are shown in Supplementary Table 1.

Response to treatment was assessed according to the Response Evaluation Criteria in Solid Tumors version 1.1 (RECIST 1.1). ORR, defined as the proportion of patients who achieved a partial response (PR) or complete response (CR). The disease control rate (DCR) was defined as the proportion of patients who achieved not only PR and CR but also stable disease (SD). Progression-free survival (PFS) was defined as the time from the first cycle of PD-1 inhibitors combination therapy until death or disease progression, whichever came first. In addition, OS was defined as the time from the first cycle of PD-1 inhibitors combination treatment to death from any cause. The irAEs were assessed and graded for severity according to the Common Terminology Criteria for Adverse Events 5.0 (CTCAE 5.0). Patients were then divided into an irAEs cohort and a non-irAEs cohort based on whether they had irAEs or not.




2.4 Statistical analysis

Data were calculated as mean ± standard deviation (SD) for continuous variables with normal distribution, otherwise as median (interquartile range). Categorical variables were presented as frequencies and percentages. Student’s t-test or Mann-Whitney U test was used to compare differences between the irAEs cohort and the non-irAEs cohort for continuous variables. Fisher’s exact test or Chi-square test was used for categorical variables. Kaplan-Meier survival curves were plotted. Differences in OS and PFS between the irAEs and non-irAEs cohorts were compared using the Log-Rank test. We also performed univariate and multivariate COX regression analyses to investigate whether irAEs were independent prognostic factors for OS and PFS in CCA patients. All statistical analyses were performed using the IBM Statistical Package for Social Sciences (SPSS, version 26). A two-sided P<0.05 was considered a significant difference.





3 Results



3.1 Clinical and demographic characteristics of all included CCA patients

A total of 106 CCA patients receiving PD-1 inhibitors combination therapy at our hospital from September 2020 to April 2022 were screened out. After reviewing the electronic medical records system, 28 patients with perioperative treatments, nine patients with less than two cycles of PD-1 inhibitor treatments, eight patients with incomplete data, and two patients without pathological diagnosis were excluded. Patients were divided into the irAEs cohort and non-irAEs cohort according to whether they had irAEs or not. Finally, 32 patients were included in the irAEs cohort and 27 patients were enrolled in the non-irAEs cohort. The flow chart is shown in Figure 1.




Figure 1 | The flow chart of this study. irAEs, immune-related adverse events.



The clinical and demographic characteristics of all CCA patients in the irAEs and non-irAEs cohorts are shown in Table 1. Of these, 35 (59.3%) patients were treated with sintilimab, 7 (11.9%) with camrelizumab, 5 (8.5%) with pembrolizumab, 4 (6.8%) with toripalimab, and 8 (13.6%) with tislelizumab. In two cohorts, the mean age was 63.3 and 63.0 years, respectively. Fifteen patients (46.9%) in the irAEs cohort and 15 patients (55.6%) in the non-irAEs cohort were male. The mean body mass index (BMI) in two cohorts was 22.1 and 21.8 kg/m2, respectively. No pre-existing autoimmune disease (96.9% vs 96.3%), ECOG PS score of 1 (84.4% vs 92.6%), ICC (81.3% vs 63.0%), HBsAg negative (84.4% vs 77.8%), Child-Pugh A (87.5% vs 88.9%), no history of cirrhosis (78.1% vs 81.5%), AFP ≤20 ng/mL (96.9% vs 100.0%), CEA ≤5 ng/mL (62.5% vs 55.6%), CA125 >35 U/mL (56.3% vs 66.7%), CA19-9 >37 U/mL (78.1% vs 74.1%), multiple tumors (75.0% vs 77.8%), lymph node metastasis (81.3% vs 81.5%), AJCC stage IV (62.5% vs 63.0%), PD-1 inhibitors combination therapy as first-line treatment (87.5% vs 96.3%), and PD-1 inhibitors in combination with chemotherapy (62.5% vs 81.5%) were the majority of CCA patients enrolled. There were no statistical differences in most clinical and demographic characteristics between the two cohorts (P>0.05), except for total bilirubin level (P=0.026) and relapse (P=0.016).


Table 1 | Clinical characteristics of CCA patients with and without irAEs.






3.2 Description of irAEs

In total, 32 (54.2%) patients experienced any- grade irAEs and 4 (6.8%) patients experienced severe (grade 3-4) irAEs. The most common irAEs were thyroid dysfunction (30.5%) and dermatologic adverse events (30.5%), manifesting as hypothyroidism (25.4%), hyperthyroidism (5.1%), rash (22.0%) and pruritus (8.5%). Other irAEs were mainly pneumonia (5.1%), colitis (1.7%), hyperglycaemia (1.7%), pancreatitis (1.7%) and infusion-related reactions (1.7%). The incidence of irAEs is shown in Table 2.


Table 2 | Description of irAEs in CCA patients treated with PD-1 inhibitors in combination with chemotherapy and/or multi-target TKIs.






3.3 Comparison of the efficacy between irAEs and non-irAEs cohorts

The median follow-up time was 11.4 (95%CI: 9.1-13.7) months. The ORR was similar in the irAEs and non-irAEs cohorts (21.9% vs 14.8%, P=0.488). The DCR was higher in the irAEs cohort (90.6% vs 70.4%, P=0.047) (Table 3). Median PFS was 9.0 (95% CI: 4.9-13.1) months in the irAEs cohort and 4.4 (95% CI: 3.2-5.6) months in the non-irAEs cohorts. Median OS was 21.2 (95% CI: 10.9-31.5) months and 10.0 (95% CI: 5.2-14.8) months in these two cohorts, respectively. Both PFS and OS were better in the irAEs cohort than in the non-irAEs cohort (P=0.003 and P<0.001, respectively) (Figure 2).


Table 3 | Treatment responses of CCA patients with and without irAEs.






Figure 2 | PFS and OS in patients with CCA with or without irAEs.(A) Progression-free survival (PFS) and (B) overall survival (OS) in CCA patients with or without irAEs after receiving programmed cell death protein 1 (PD-1) inhibitors combination therapy. irAEs, immune-related adverse events; CCA, cholangiocarcinoma.






3.4 Correlation of irAEs with PFS and OS

To investigate whether the differences in patients’ clinical and demographic characteristics affected the results of this study, we performed univariate COX regression analysis, the results showed that total bilirubin >21 μmol/L (HR=2.621, 95% CI: 1.194-5.752, P=0.016), Child-Pugh B (HR=3.316, 95% CI: 1.317-8.353, P=0.011), CEA>5 ng/mL (HR=2.410, 95% CI: 1.256-4.626, P=0.008) and irAEs (HR=0.388, 95% CI: 0.200-0.750, P=0.005) were prognostic factors for PFS. In addition, we also constructed a multivariate COX regression model using the above variables as well as relapse and treatment strategy (P=0.060 in univariate analysis), and the results demonstrated that irAEs were an independent protective factor for PFS (HR=0.435, 95% CI: 0.202-0.934, P=0.033) Table 4).


Table 4 | Univariate and multivariate analyses of prognostic factors for PFS in CCA patients.



In addition, univariate COX regression analysis indicated that CEA>5 ng/mL (HR=3.764, 95% CI: 1.481-9.565, P=0.005) and irAEs (HR=0.149, 95% CI: 0.053-0.423, P<0.001) were prognostic factors for OS. We constructed a multivariate COX regression model with the above 2 variables as well as total bilirubin, relapse and treatment strategy. The results showed that irAEs were an independent protective factor for OS (HR=0.133, 95% CI: 0.039-0.452, P=0.001), whereas CEA>5 ng/mL was an independent risk factor for OS (HR=5.718, 95% CI: 1.826-17.902, P=0.003) (Table 5).


Table 5 | Univariate and multivariate analyses of prognostic factors for OS in CCA patients.







4 Discussion

PD-1 inhibitors are promising anti-tumor drugs that have led to several breakthroughs in the treatment of tumors such as lung cancer and melanoma. A number of clinical trials of PD-1 inhibitors for the treatment of CCA are ongoing, and several case reports and clinical findings suggest that PD-1 inhibitors have therapeutic effects in CCA (11, 12, 29–31). Data from KEYNOTE-158 (11) showed that among 22 patients with advanced CCA with dMMR/MSI-H who received pembrolizumab monotherapy, the ORR was 40.9% (2 CR and 7 PR), and the median PFS and OS were 4.2 (95% CI: 2.1-NR) months and 24.3 (95% CI: 6.5-NR) months, respectively. In another phase II study in 46 patients with advanced BTC (12), 5 patients (11%) responded to nivolumab, all mismatch repair protein-positive tumors. These studies suggest that dMMR/MSI-H may be associated with improved outcomes in CCA patients treated with PD-1 inhibitors, but the evidence is insufficient. Zhang J (31) et al. reported a patient with metastatic ICC who failed first-line chemotherapy and achieved a CR after three cycles of sintilimab monotherapy. However, this patient had a low TMB and was microsatellite stable (MSS). Therefore, there is still a need to explore new biomarkers to predict the effect of PD-1 inhibitors on CCA.

Interestingly, PD-1 inhibitors have the potential to augment normal immune responses while enhancing antitumor immune responses, leading to dysregulation of immune homeostasis and ultimately to irAEs (23). Weber JS et al (32) were the first to report that irAEs of any grade were associated with higher ORR in patients with advanced melanoma receiving nivolumab. Since then, several studies have shown that the occurrence of irAEs is associated with improved ORR, PFS or OS in patients with non-small cell lung cancer (NSCLC) (25, 33–37), gastric cancer (25, 26, 37), renal cell carcinoma (25, 37), urothelial cell carcinoma (38) and hepatocellular carcinoma (28) treated with immunotherapy. However, whether irAEs have a predictive effect in CCA has not been reported. To our knowledge, this is the first evidence that irAEs are associated with better clinical outcomes in patients with advanced CCA receiving PD-1 inhibitors combination therapy. The results of this study showed that among CCA patients receiving PD-1 inhibitors combination therapy, the irAEs cohort had a higher DCR (90.6% vs 70.4%, P=0.047), longer OS (median OS: 21.2 vs 10.0 months, P<0.001) and PFS (median PFS: 9.0 vs 4.4 months, P=0.003) compared to the non-irAEs cohort.

There were statistically differences in total bilirubin levels and relapse between the irAEs and non-irAEs cohorts in the clinical and demographic characteristics of the CCA patients. To assess whether differences in total bilirubin levels and relapse between these two cohorts would affect outcomes, we further performed multivariate COX regression analysis. The results showed that total bilirubin levels did not affect OS and PFS in CCA patients (P=0.322 and 0.899, respectively). Relapse also had no effect on OS and PFS in CCA patients (P=0.783 and 0.804, respectively). Furthermore, irAEs were an independent prognostic factor for PFS in CCA patients (P=0.033), while irAEs and CEA levels were independent prognostic factors for OS (irAEs: P=0.001; CEA levels: P=0.003). The above results suggest that the occurrence of irAEs may predict better outcomes in patients with advanced CCA receiving PD-1 inhibitors combination therapy. Recently, a multicentre retrospective study (39) showed that a higher grade of initial checkpoint inhibitor-related pneumonitis (CIP) was associated with a higher relapse rate of CIP after rechallenge with ICIs in patients with advanced lung cancer. Therefore, we infer that advanced CCA patients with grade 1-2 irAEs may benefit from rechallenge with PD-1 inhibitors, and appropriate studies are needed to verify this inference.

However, the specific mechanisms to explain why irAEs are positively associated with immunotherapy are limited. Studies have shown that a higher BMI associated with improved PFS and OS and a higher incidence of irAEs in cancer patients receiving PD-1/PD-L1 inhibitors (40–42), suggesting that adipose tissue may play a key role in immunotherapy and irAEs. Taken together, the available evidence suggests that this may be related to an increased inflammatory environment due to obesity (42–46). Furthermore, a prospective study of dermatologic adverse events in NSCLC patients receiving PD-1 inhibitors found that tumor and skin tissues shared nine T-cell antigens, and it has been speculated that T cells targeting cancer cells may also target normal tissues with shared antigens (47), which may partially explain the correlation between irAEs and PD-1/PD-L1 inhibitor efficacy. It has also been shown that intestinal flora can modulate innate and acquired immunity in cancer patients in a variety of ways, further influencing the efficacy of PD-1/PD-L1 inhibitors (48–53). While irAEs may also be associated with intestinal flora, studies to date have been limited to CTLA-4 inhibitors. It was found that OS and PFS were improved in patients with Faecal Bacterium and other Firmicutes, but these patients were more likely to develop colitis (54). The specific roles of different microbial species are not yet known and further relevant prospective clinical trials are needed. Finally, high drug clearance (Clearance, CL) has also been suggested as a possible factor to explain the correlation between immunotherapy efficacy and irAEs. One study indicated that high CL was negatively associated with OS and PFS in cancer patients receiving pembrolizumab (P<0.001 and 0.003, respectively) (55). It is possible that high CL promotes the clearance of PD-1 inhibitors, leading to lower blood levels and possibly reduced efficacy. However, this study found no statistical difference in CL between patients with severe irAEs and those with mild irAEs (P = 0.70) (55). Although the CL of PD-1/PD-L1 inhibitors may help explain the correlation between irAEs and the therapeutic effect of PD-1/PD-L1 inhibitors, further evidence is needed.

This study also has some limitations. First, it is a retrospective cohort study, so there may be an inevitable bias for irAEs. Secondly, due to non-randomization, baseline imbalances in patients resulted in the presence of confounding variables. Although we corrected for this using multivariate analysis, validation is needed in prospective, randomized clinical trials. Thirdly, due to the low prevalence of CCA, the number of advanced CCA patients receiving PD-1 inhibitors combination therapy is limited. Therefore, the sample size in this study is small. Finally, the PD-L1 expression and MSI status of most of the patients enrolled were unknown, so we cannot draw any conclusions on the correlation between MSI status, PD-L1 expression and response/survival in advanced CCA patients. In the future, larger prospective studies are needed to validate this finding and identify molecular biomarkers.




5 Conclusion

Our study suggests for the first time that irAEs may predict higher DCR and longer OS and PFS in patients with advanced CCA receiving PD-1 inhibitors combination therapy. IrAEs may serve as an effective clinical marker to predict the efficacy of PD-1 inhibitors combination therapy in patients with advanced CCA.
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