

[image: Impact of Antibiotics and Proton Pump Inhibitors on Efficacy and Tolerance of Anti-PD-1 Immune Checkpoint Inhibitors]
Impact of Antibiotics and Proton Pump Inhibitors on Efficacy and Tolerance of Anti-PD-1 Immune Checkpoint Inhibitors





ORIGINAL RESEARCH

published: 27 October 2021

doi: 10.3389/fimmu.2021.716317

[image: image2]


Impact of Antibiotics and Proton Pump Inhibitors on Efficacy and Tolerance of Anti-PD-1 Immune Checkpoint Inhibitors


Quentin Giordan 1, Julia Salleron 2*, Catherine Vallance 3, Clothilde Moriana 4 and Christelle Clement-Duchene 5


1 Department of Pharmacy, Centre Hospitalier Régional de Metz-Thionville, Metz, France, 2 Biostatistics Unit, Institut de Cancérologie de Lorraine, Vandœuvre-lès-Nancy, France, 3 Department of Pharmacy, Institut de Cancérologie de Lorraine, Vandœuvre-lès-Nancy, France, 4 Department of Internal Medicine, Centre Hospitalier Régional Universitaire de Nancy, Vandœuvre-lès-Nancy, France, 5 Department of Medical Oncology, Institut de Cancérologie de Lorraine, Vandœuvre-lès-Nancy, France




Edited by: 

Jonathan Pol, Institut National de la Santé et de la Recherche Médicale (INSERM), France

Reviewed by: 

Lucie Heinzerling, LMU Munich University Hospital, Germany

Yukiko Kiniwa, Shinshu University, Japan

Akihiko Miyanaga, Nippon Medical School Hospital, Japan

*Correspondence: 

Julia Salleron
 j.salleron@nancy.unicancer.fr

Specialty section: 
 This article was submitted to Cancer Immunity and Immunotherapy, a section of the journal Frontiers in Immunology


Received: 28 May 2021

Accepted: 04 October 2021

Published: 27 October 2021

Citation:
Giordan Q, Salleron J, Vallance C, Moriana C and Clement-Duchene C (2021) Impact of Antibiotics and Proton Pump Inhibitors on Efficacy and Tolerance of Anti-PD-1 Immune Checkpoint Inhibitors. Front. Immunol. 12:716317. doi: 10.3389/fimmu.2021.716317




Background

The use of antibiotics (ATB) and proton-pump inhibitors (PPI) alters the composition and diversity of the gut microbiota, which can influence the immune system, consequently interfering with response to anti-PD1 immune checkpoint inhibitors (ICI). We assessed the impact of ATB and/or PPI use on the efficacy and safety of ICI.



Methods

Two hundred twelve patients treated with anti-PD1 ICI for non-small cell lung carcinoma, melanoma, upper airway & digestive tract carcinoma or renal cell carcinoma were retrospectively included. Patients having received ATB within 60 days before ICI initiation were included in the ATB+ group. Patients having received PPI within 30 days before ICI initiation were included in the PPI+ group. Four groups were thus considered: ATB-/PPI-, ATB+/PPI-, ATB-/PPI+, ATB+/PPI+. Response rate was assessed by RECIST v1.1. Overall survival (OS), progression-free survival (PFS) and adverse events, recorded using Common Terminology Criteria for Adverse Events Version 5, were compared using inverse probability of treatment weighting to account for selection bias.



Results

PFS at 6 months was 56.7 %, 95%CI (49.6%; 63.2%) and 47.2 %, 95%CI (39.8%;54.1%) at 12 months. OS was 81.6%, 95%CI (75.6%; 86.2%) at 6 months, and 69.4%, 95%CI (61.9%;75.7%) at 12 months. Compared to ATB-/PPI- group, PFS was lower for the ATB+/PPI- group [Hazard ratio (HR) 1.90, 95%CI (1.41;2.57)] and the ATB-/PPI+ group [HR 1.51, 95%CI (1.11;2.05)], and lowest in the ATB+/PPI+ group [HR 3.65, 95%CI (2.75;4.84)]. For OS, the use of ATB alone or PPI alone or in combination was a risk factor for death, with each increasing HR values by a similar magnitude, and the combination of ATB and PPI did not increase risk further. AEs were observed in 78 cases (36.8%) with no significant impact of ATB or PPI use.



Conclusions

This study reveals that ATB and/or PPI use can alter response to anti-PD1 ICI, and the prognosis of cancer patients. The microbiota mechanisms involved in the response to ICI should be investigated to optimize patient management.
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Introduction

Since their introduction, immune checkpoint inhibitors (ICI) have considerably improved the management of patients with solid tumors, including non-small-cell lung carcinoma (NSCLC), melanoma, renal cell carcinoma (RCC) and cancers of the upper aerodigestive tract (UADT). By stimulating and reinforcing the immune system, ICIs act by blocking two cell checkpoints that help tumors to escape immune control, namely the programmed cell death 1 (PD-1) and programmed cell-death-ligand 1 (PD-L1) (1) for pembrolizumab, nivolumab and atezolizumab, or the cytotoxic T-lymphocyte-associated protein 4 (2) for ipilimumab.

Recent systematic reviews have demonstrated the beneficial effects of ICIs on overall survival (OS) and progression-free survival (PFS) for first- (3) and second-line treatments (4) compared to chemotherapy in NSCLC patients. Long term survival has also been observed after treatment with ICIs for advanced melanoma (5) or RCC (6, 7). For patients with previously treated recurrent or metastatic UADT cancer, ICIs showed promising efficacy (8).

Recent studies have suggested that the use of antibiotics may be associated with worse outcomes in cancer patients treated with ICIs (9–12). Other studies have reported an impact of PPIs on the efficacy of ICIs (13, 14). However, the role of concomitant PPI use on the therapeutic efficacy of ICIs remains controversial, since it did not appear to be significantly associated with poorer prognosis in different cancer patients in a meta-analysis involving 1167 cancer patients from 5 studies (15). Finally, a drug-based prognostic score predicting OS, PFS and objective response rate (ORR) suggested that cumulative exposure to antibiotics and PPIs leads to progressively worse outcomes after ICI therapy (16).

The aim of our study was therefore to investigate the impact of ATB and PPI, either alone or in combination, on the efficacy and tolerance of ICI in patients with solid tumors in a real-world setting.



Materials And Methods


Study Approval

In accordance with current French legislation, this study was declared to the French national data protection authority (Commission Nationale Informatique & Libertés). All patients were informed that their clinical data might potentially be used retrospectively for research purposes, and they were informed of their right to refuse this usage. No refusal was recorded. The scientific and ethical committee of the Institut de Cancérologie de Lorraine, Nancy, France, approved the study.



Data Collection

Using patients’ medical records, we retrospectively evaluated patient and tumor characteristics (gender, age, tumor location, histologic type, grade, PD-1 receptor and PD-L1 expression (percentage of tumor cells with positive membranous staining reported as the tumor proportion score), Eastern Cooperative Oncology Group Performance Status (PS), ICI use (start and end date, molecule used and treatment line, cause of treatment discontinuation), use of PPIs or ATBs (molecule and mode of administration, start and end date), appearance of immune-related AE (date, type, grade and location), PFS, OS and the best overall response to ICI.



Patient Selection

This was a single-centre, retrospective study. All consecutive patients with NSCLC, melanoma, RCC or UADT cancer who received at least one ICI injection from 1 January 2018 and 31 December 2019 were identified from the hospital informatics database. The ICI considered were nivolumab (associated or not with ipilimumab) and pembrolizumab. Inclusion criteria were as follows: Age ≥18 years old, World Health Organization performance status ≤2, immunotherapy according to the marketing authorization or expanded access status, use of anti PD-1/PD-L1 as monotherapy or combined with anti cytotoxic T-lymphocyte-associated protein. Exclusion criteria were systemic corticosteroid therapy using ≥10 mg daily dose of prednisone within 14 days prior to ICI initiation, or use of immunosuppressive agents within 14 days prior to immunotherapy, autoimmune disease or inflammatory bowel disease (IBD), and patients previously treated by ICI or receiving concomitant chemotherapy. Patients with atezolizumab were excluded due to the number of cases being too low for analysis as well as patients with UADT cancer treated in first or third line and more, melanoma treated in third line and more and RCC treated in first or third line and more.



Treatment and Assessment

Nivolumab was administered by intravenous infusion at a dose of 3 mg/kg every 2 weeks until August 2018 and thereafter, at a flat dose of 240mg every 2 weeks according to the recommended dosage change. In combination, patients received nivolumab at 1 mg/kg plus ipilimumab at 3 mg/kg every 3 weeks for 4 doses, followed by nivolumab at 3 mg/kg or at a flat dose of 240mg every 2 weeks. Pembrolizumab was administered at a dose of at a flat dose of 200mg every 3 weeks. Both drugs were administered until disease progression or onset of uncontrollable adverse events (AEs).

After the first ICI injection, patients were followed up every 12 weeks with medical imaging [thoraco-abdomino-pelvic computer tomography (CT) scan and brain magnetic resonance imaging (MRI)], and we recorded treatment response evaluated according to the Response Evaluation Criteria In Solid Tumors version 1.1. Prior to each ICI administration, patients were clinically assessed to identify AEs. Patients were followed up until death or data lock (31 May 2020).

The primary endpoint was progression free survival (PFS) defined as the time from immunotherapy initiation to progression or death. Efficacy was also assessed according to clinical response and OS. The best overall response rate was categorized as complete response (CR), partial response (PR), stable disease (SD) or progressive disease (PD). The ORR was based on combining CR and PR, and the disease control rate (DCR) was based on combining CR, PR and SD response. OS was defined as the time from immunotherapy initiation to death, whatever the cause. Toxicity included both non-specific and autoimmune AEs. AEs were defined according to appearance and graded according to the Common Terminology Criteria for Adverse Events, version 5. The most severe AE from ICI initiation to the end of follow-up was considered. Only grade ≥2 AEs were considered.



ATB and PPI Exposure

Previous studies have shown that alteration of intestinal microbiota by ATB occurs within two months after ATB exposure (17, 18), while PPI treatment leads to dysbiosis after a continuous administration of 4 weeks (19). Consequently, patients who received ATB within a window of 60 days prior to ICI initiation were included in the ATB+ group, and patients who received PPIs within a window of 30 days prior to ICI initiation were included in the PPI+ group (19). Four groups were thus considered: ATB-/PPI-, ATB+/PPI-, ATB-/PPI+, ATB+/PPI+.



Statistical Analysis

Qualitative parameters are expressed as number and percentage. Quantitative parameters are expressed as means and standard deviation or median and interquartile range based on whether or not they had a normal distribution as assessed by the Shapiro–Wilk test.

The data comparison between the 4 groups was performed using the Chi-squared test or Fisher’s exact test for qualitative variables, and the Kruskal-Wallis test or analysis of variance (ANOVA) for quantitative parameters. For all further analyses, propensity score weighting was used to adjust the results for confounding factors by using the inverse probability of treatment weighting method (20). The propensity score was estimated using multinomial logistic regression using the groups as the dependent variable and PS, gender, age, grade and the interaction between tumour location and treatment line number as independent variables. Comparison of patient characteristics after weighting on the propensity score was performed to ensure that the weighting yielded four balanced groups. The effect size of each patient characteristic was calculated with Cramer’s V statistic, with a value from 0.1 to 0.3 corresponding to a small effect size, from 0.3 to 0.5 to a moderate effect size and >0.5 to a large effect size. OS and PFS were described by the Kaplan-Meier method and compared between groups using a Cox proportional hazards model. Then, the Cox model was weighted with the propensity score, and results are expressed as hazard ratios and 95% confidence interval (95%CI).

For ORR and DCR, logistic regression was performed with the response rate as dependent variable and the group as independent variable. In a second stage, logistic regression weighted on the propensity score was performed, and results are expressed as odds ratios (ORs) and 95%CI. Statistical analyses were performed with SAS version 9.4 (SAS Institute Inc., Cary, NC, USA). The significance level was set at 5 %.




Results


Patient Characteristics

From 1 January 2018 to 31 December 2019, 338 patients were prescribed ICI, of whom 212 were eligible and included in this analysis (Figure 1).




Figure 1 | Flowchart of the study population. ATB, Antibiotics; ICI, Immune Checkpoint Inhibitors; PPI, Proton-pump inhibitors; RCC, Renal Cell Carcinoma; UADT, Upper Aero-Digestive Tract.



The population was composed of 143 men (67.5 %) and 69 women (32.5%), and mean age was 63.9 ± 11.9 years. At ICI initiation, 187 patients (88.2 %) had a metastatic tumor, and 161 patients (76.3 %) had a PS ≤1. Fifty eight patients (27.2%) received ATB within 60 days prior to ICI initiation. The median duration of antibiotic therapy was 14 days [8; 98] and was ≥7 days in 54 patients (93.1%). Seventy-four patients (34.7%) were treated with PPI during the month prior to ICI initiation. The median duration of treatment was 8.4 months (4,1; 14,8). No patients had intravenous PPI administration. Considering the combination of ATB and PPI use, 107 patients (50.5 %) had neither ATB not PPI before ICI initiation (ATB-/PPI- group). While there were 31 patients (14.6 %) in the ATB+/PPI- group, 47 patients (22.2 %) in the ATB-/PPI+ group and 27 patients (12.7 %) in the ATB+/PPI+ group. As shown in Table 1, the demographic and baseline characteristics were balanced within groups, except for tumor location (p<0.001) and PS (p<0.001), with a Cramer’s V >0.3 corresponding to a moderate effect size. There was also a significant difference in the treatment line (p=0.002, Cramer’s V=0.26). After weighting on the propensity score, there were no longer any significant differences between groups, with all Cramer’s V close to 0.1, corresponding to a small effect size (see Additional file).


Table 1 | Characteristics of the study population.



The details of antibiotic and PPI use are summarized in Tables 2, 3.


Table 2 | Characteristics of antibiotic therapy for the 58 patients with ATB and according to PPI use.




Table 3 | Characteristics of PPI use among the 74 patients with PPI and according to ATB use.





Effect of ATB and PPI on Response to ICI

Best overall response rates for each group are shown in Figure 2. The best response was achieved in 2.9 months [2.4; 5.3].




Figure 2 | Description of overall best response according to ATB and/or PPI use.



The ORR of the ATB-/PPI- group was higher than in patients treated with ATB and/or PPI (p=0.047). After weighting on propensity score, and compared to the ATB-/PPI- group, patients in the ATB-/PPI+ and ATB+/PPI+ groups had a lower probability of achieving objective response [odds ratio (OR) 0.60, 95%CI (0.40; 0.900 and OR 0.47, 95%CI (0.31; 0.72) respectively] (Table 4). There was no significant difference in ORR for the ATB+/PPI- compared to the ATB-/PPI- group [OR 0.81, 95%CI ([0.54; 1.22)]. Similarly, the DCR was also different according to ATB and/or PPI use (p<0.001), with a significantly lower probability of achieving disease control in the ATB+/PPI+ group (OR 0.20, 95%CI [0.13; 0.31]) compared to the ATB-/PPI- group (Table 4). There was no significant difference in DCR for the ATB+/PPI- [OR 0.74, 95%CI (0.49; 1.11)] and ATB-/PPI+ groups [OR 1.05, 95%CI (0.69; 1.58)]. The probability of achieving disease control was not significantly different according to prophylactic versus curative ATB (37.5% vs. 29.4%, p=0.518).


Table 4 | Patient outcomes according to ATB and/or PPI use.





Effect of ATB and PPI Use on PFS and OS

Median follow-up time was 10 months [interquartile range from 5 to 12 months). PFS at 6 months was 56.7 %, 95%CI (49.6%; 63.2%) and 47.2 %, 95%CI (39.8%; 54.1%)] at 12 months. Patients not treated with either ATB or PPI had better PFS than patients treated with ATB and/or PPI (p<0.001, Figure 3). After weighting on the propensity score, and compared to the ATB-/PPI- group, PFS was worse in the ATB+/PPI- [Hazard ratio (HR) 1.90, 95%CI (1.41; 2.57)] and ATB-/PPI+ groups [HR 1.51, 95%CI (1.11; 2.05)], and even more unfavourable in the ATB+/PPI+ group (HR 3.65, 95%CI [2.75; 4.84]).




Figure 3 | Progression free survival according to ATB and/or PPI use. Significant differences after multivariate analysis are symbolized with a star.



OS was 81.6%, 95%CI (75.6%; 86.2%) at 6 months and 69.4%, 95%CI (61.9%; 75.7%) at 12 months. Patients not treated with either ATB or PPI had better OS than patients treated with ATB and/or PPI (p=0.001, Figure 4). After weighting on the propensity score, use of ATB alone, use of PPI alone, and the combination of both, were significant risk factors for death, and increased the risk by a similar magnitude (Table 4). There was no significant difference according to prophylactic versus curative ATB on PFS [HR 0.77, 95%CI (0.42;1.38)] nor on OS [HR 0.67, 95%CI (0.27;1.69)].




Figure 4 | Overall survival according to ATB and/or PPI use. Significant differences after multivariate analysis are symbolized with a star.





Effect of ATB and PPI on AEs

Among the 212 patients, AEs were observed in 78 patients (36.8 %). The median time to appearance of non-specific AEs was 28 days (15; 87) versus 84 days (42; 147) days for auto-immune AEs. No significant difference in the rate of AEs was observed between groups (p=0.58). The AEs are detailed by group in Table 5.


Table 5 | Adverse events in the whole population and in each group.






Discussion

This study shows that PFS in patients not treated with either antibiotics or PPI prior to initiation of ICI treatment is superior to that of patients treated with ATB and/or PPI before ICIs. Moreover, the concomitant administration of ATB and PPI prior to ICI initiation may possibly be associated with a greater magnitude of negative effect on PFS. Regarding OS, ATB and PPI both exert a negative impact on OS, albeit without signs that the combination has an effect of increased magnitude. No significant impact of ATB or PPI use on ICI toxicity was observed.

Our findings are consistent with previous reports (9–12, 21, 22) indicating that the use of ATB is associated with poorer outcome and may influence the efficacy of ICI. As in recent studies (13, 14), we also found in multivariate analyses that PPI use increased the risk of progression and death, albeit less than twofold. Data on the concomitant use of PPI and ATB are sparse (14, 16) but are in line with our results. In our study, we show that the combination of ATB plus PPI, compared to either ATB or PPI alone, had a negative impact on PFS but not on OS. The significant results for PFS and not for OS could be explained by the fact that post-treatments can affect OS but also by a too short median follow-up time to assess the impact on OS.

The originality of our study in this regard is the inclusion of 4 groups of patients according to the use of PPI and/or ATB, and consequently, their synergistic effect, instead of considering PPI use as a patient characteristic (23). Chalabi at al (14) studied patients treated with atezolizumab, and showed that PPI use was associated with a greater risk of progression or death, while ATB use was associated with a greater risk of death. They also concluded that an effect of the concomitant use of ATB plus PPI could not be ruled out, since a deleterious effect of the combination was demonstrated in the atezolizumab group. Buti at al (16). developed a drug-based prognostic score ranging from 0 (best prognosis, the patient did not take any of corticosteroids, systemic antibiotics or PPIs) to 4 (worst prognosis, the patient was on treatment with corticosteroids, systemic antibiotics and PPIs at ICI initiation). They assigned 1 point for PPIs and 1 point for ATB, suggesting an additive effect, and demonstrated that the higher the score, the worse the PFS and OS. More recently, Cortellini et al. (24) showed that certain co-medications, including ATB and PPIs, had a negative impact on the efficacy of ICI in stage IV cancer patients. However, in this study, only prophylactic ATB decreased PFS and OS. In our study, the impact of prophylactic and curative ATB on efficacy was not significantly different and the therapeutic class of ATB could not be assessed due to the small sample size for each.

The reduced efficacy of ICI after ATB use may be related to gut dysbiosis. The administration of ATB could alter host microbiota symbiosis, with a decrease in the immunostimulatory function of the microbiota, leading to reduced efficacy of the ICI. Some commensal bacteria (Bifidobacterium) help antitumor immunity to develop, and enhance the intratumoral infiltration of dendritic cells and TH1 cells (25). The same was shown with Faecalibacterium, reported to increase PFS via the development of CD8+ cells in the tumor microenvironment (26). The abundance and diversity of the gut microbiota are also altered by the use of PPI. Various hypotheses can be put forward to explain this phenomenon. Firstly, the use of PPI may affect the abundance and diversity of Bifidobacterium and Ruminococcaceae, both indispensable to immunity (27, 28). Secondly, the use of PPI can affect immunity increasing the pH of the tumor microenvironment. In preclinical models, PPIs inhibit the vacuolar H+ATPase pump and reverse the pH gradient of an acidic TAM (29). In addition, the activation of PPIs would promote the recruitment of M2 subtype macrophages as well as the production of pro-inflammatory cytokines (interleukin 1, interleukin 7, nitric oxide, tumor necrosis factor alpha) (30). In this way, the immunosuppressive activity of the tumor microenvironment would be lost, and the activity of the ICI would be decreased.

Regarding ICI tolerance, no significant difference was observed for either non-specific (p=0.54) or autoimmune AEs (p=0.23), regardless of their grade. Our results are consistent with other studies (31, 32). In a preliminary study among patients with immune-related colitis treated with ICI prior to fecal microbiota transplantation (33), it was shown that fecal microbiota transplantation might alter the LyTCD8+/LyTreg immune balance, to the benefit of Treg Foxp3+ cell infiltration in the intestinal mucosa. Thus, an immunosuppressant and anti-inflammatory gut environment might help to control and reduce immune-related colitis. The Bacteroidetes phylum could play an immunomodulating role, enhancing the differentiation of naïve T cells into Treg cells, thus reducing colitis (34). It could thus be associated with improved autoimmune tolerance but decreased efficacy of ICIs. A prospective study of 26 patients with metastatic melanoma showed that the microbiota of responders to ICI was enriched with Firmicutes, in particular Faecalibacterium prausnitzii and Gemmiger formicilis. The butyrate-producing bacteria seem to decrease the efficacy of ICI and induced poorer tolerance to ICI due to the development of immune-related colitis (35).

This study has some limitations. Firstly, it was a retrospective and single-centre study. Moreover, as few patients presented AE, studies including larger sample sizes are needed to determine the impact of ATB and/or PPI use on the occurrence of AEs. Certain parameters likely to modulate the diversity and composition of the microbiota were not recorded, such as diet or use of other drugs that could alter the microbiota. A high-fat diet rich in animal proteins increases biliary secretion and produces overexpression of the Bacteroides gene in order to convert these acids into short-chain fatty acids (36). Some treatments that were not considered in our study might also affect the microbiota, and could potentially interfere with immunity, such as second-generation antipsychotics (clozapine, olanzapine and risperidone), which are thought to cause dysbiosis, decreasing the abundance of A. muciniphila in the microbiota of non-obese patients (37), as well as non-steroidal anti-inflammatory drugs, which are thought to modulate interindividual diversity in the gut microbiome (16, 38).

The use of ATB and/or PPI affects response to ICIs and prognosis of patients with cancer. This study shows the impact of combined ATB/PPI therapy, which is often administered in cancer patients. However, further prospective studies with larger populations are essential to confirm these findings. Faecal analysis would also help to identify the commensal bacterial species that mediate patient prognosis. The modulation of microbiota could count among new therapeutic targets to ensure optimal management of patients treated with ICI.
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