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ABSTRACT
Background: The present study aimed to evaluate the effects of concomitant proton pump inhibitor (PPI) 
use on immune checkpoint inhibitor (ICI) efficacy among advanced cancer patients.
Methods and Materials: A systematic literature search of electronic database was performed to identify 
all potential reports. Then, meta-analyses were conducted to obtain pooled HRs with 95% CIs, which 
reveal the influence of PPI use on PFS and OS in patients receiving ICI treatment.
Results: A total of 7 studies with 3,647 advanced cancer patients fulfilled the inclusion criteria. The impact 
of PPI use was then evaluated on 3,340 patients for PFS and 3,647 patients for OS. Concomitant PPI use has 
a detrimental effect on the efficacy of ICIs that PPI use increased the risk of progression by 28% (HR = 1.28, 
95% CI 1.17–1.40; I2 = 31.3%, Q test P = .21) when compared to those not receiving PPIs. Similarly, the 
meta-analysis showed that PPI use was also associated with shorter OS of advanced cancer patients 
receiving ICIs that PPI use increased risk of death by 39% (HR = 1.39, 95% CI 1.26–1.54; I2 = 36.5%, Q test 
P = .16). Sensitivity analysis showed that the pooled HRs were constant after excluding one study at a time, 
and no significant publication biases were detected.
Conclusion: The meta-analysis suggested that concomitant PPI use is significantly associated with low 
clinical benefit in ICI treatment, revealing a significantly reduced PFS and OS in advanced cancer patients 
receiving ICIs who are also exposed to PPI.
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Introduction

Immune checkpoint inhibitors (ICIs) have revolutionized the 
therapeutic management of solid tumors, further changing the 
treatment landscape of cancer with unprecedented effects on 
survival.1 The most studied immunotherapeutic drugs 
included cytotoxic t-lymphocyte antigen-4 (CTLA-4) inhibi
tors and programmed death-1/ligand-1 (PD-L1) inhibitors.2 

By blocking the immune escape mechanisms of cancer, ICIs 
have fewer side effects and superior efficacy compared to tradi
tional chemotherapy.3,4 Recently, immunotherapies have been 
proven effective in extending the life span of cancer patients. 
ICIs have also been approved to replace or complement che
motherapy with multiple indications, including non-small cell 
lung cancer (NSCLC) and melanoma.5–8 Since ICIs also have 
much higher efficacy among unselective patients, there is an 
unmet medical need to further understand the mechanisms 
and identify the biomarkers that are predictive of their 
response to ICIs. Currently, several factors have been consid
ered to better predict ICIs efficacy, including PD-L1 expres
sion, tumor mutation burden (TMB), and deficient mismatch 
repair(dMMR)/microsatellite instability-High (MSI-H), vali
dating the use of ICIs by the Food and Drug Administration 
(FDA) in these indications.9–11

Beyond these classical predictive factors, intestinal micro
biota has recently emerged as a potential predictor or modu
lator of response to ICIs. The composition and diversity of the 
intestinal microbiome are associated with inflammatory con
ditions and influence immune response, which has been an 
active area of interest in cancer immunotherapy.12,13 For exam
ple, Gopalakrishnan et al. reported a significant difference in 
the diversity and composition of gut microbiome among PD-1 
inhibitor responders versus non-responders. Furthermore, the 
number of different species as well as their relative distribution 
was associated with the clinical benefits of ICIs.14 Previous 
studies have demonstrated that several concomitant medica
tions during ICI treatment may affect their efficacy, such as 
antibiotics, which exert a significant influence on response to 
ICI by altering gut microbiota.14,15

Except for antibiotics, proton pump inhibitors (PPIs) have 
been associated with changes in the microbiome.16 

Considering the hypothesized interaction between gut micro
biota and ICI efficacy, several studies have examined the 
impact of PPI use on the survival of patients with cancer.17–25 

Due to the small sample size and the conflicting nature of the 
findings among the different studies, there has been no con
sensus on the significance of concomitant PPI use with regard 
to the clinical benefit of ICIs treatment. In the present study, 
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we systematically reviewed the literature regarding the associa
tion of PPI use with ICI efficacy and conducted a meta-analysis 
to determine the effects of PPI use on outcomes in advanced 
cancer patients receiving ICI treatment.

Methods and materials

Search strategy

A systematic literature search was conducted using 
a predetermined protocol based on guidelines set by the 
Preferred Reporting Items for Systematic Reviews and Meta- 
Analyses (PRISMA).26 A systematic review of the electronic 
databases, including PubMed, EMBASE and COCHRANE 
databases, was conducted for studies investigating the associa
tion of PPI use with ICI efficacy in advanced cancer patients 
(updated in December 2020). The comprehensive search strat
egy included the following Medical Subject Headings (MeSH) 
terms and keywords: “Immunotherapy,” “cancer,” “tumor,” 
“neoplasm,” “PD-1 inhibitor,” “programmed death receptor 1 
inhibitor,” “PD-L1 inhibitor,” “programmed death-ligand 1 
inhibitor,” “cytotoxic T lymphocyte antigen-4 inhibitor,” 
“CTLA-4 inhibitor,” “nivolumab,” “pembrolizumab,” “avelu
mab,” “durvalumab,” “atezolizumab,” and “ipilimumab.” The 
search was limited to studies in English, but there were no 
limitations on ethnicity or human subjects. The reference lists 
of relevant articles were also further reviewed. Finally, abstracts 
and presentations from all the major conference proceedings, 
including the American Society of Clinical Oncology (ASCO), 
European Society for Medical Oncology (ESMO), and 
American Association for Cancer Research (AACR) were also 
searched.

Study selection

The following inclusion criteria were used: 1) study testing the 
association of PPI use with PFS or OS of ICIs among advanced 
cancer patients and 2) data available on hazard ratios (HRs) for 
PFS or OS. Meanwhile, the following exclusion criteria were 
used: 1) without sufficiently published data or original data for 
calculating HRs with 95% CI; 2) reviews, case series, and case 
reports. The systematic review was not restricted to specific 
ICIs or cancer treatments. Two authors (QBD and JXD) com
pared the results, and any disagreements were resolved by 
consensus with the third-party authors (WY, LK, and ZYS).

Data extraction

The impact of concomitant PPI use on the efficacy of ICIs 
measured in terms of PFS and OS for advanced cancer patients 
was analyzed. The primary variables of interest were HRs with 
95% CIs for PFS or OS. HRs with 95% CIs for PFS or OS were 
used to compare the PFS and OS of advanced cancer patients 
receiving ICIs based on exposure to PPI treatment compared 
with no PPI use. To adjust for the confounding factors such as 
other comedications, HRs from multivariate regression analy
sis were preferred to extract from each study. Secondary vari
ables extracted from the studies included authors, 
publication year, country of origin, tumor type, ICI type, 

drug type, treatment line, sample size, and study endpoints. 
The Newcastle–Ottawa scoring system was used to evaluate the 
methodological quality of the included studies independently 
by two authors (QBD and JXD).

Statistical Analysis

The overall HRs with 95% CI for PFS or OS were used to 
compare the impact of concomitant PPI use on ICI treatment. 
The trial-specific ratios of HRs across each study were calcu
lated based on the HRs reported in patients with or without 
PPI use.27–29 If the pooled HR ratio was <1, this indicated 
a greater treatment effect in patients with PPI use (beneficial 
effect of PPI use on ICIs treatment). If it was >1, this indicated 
a greater treatment effect in patients without PPI use (detri
mental effect of PPI use on ICIs treatment). Heterogeneity of 
effects across studies was evaluated using the χ2-based Q test 
and quantified by using the I2 test.30,31 For the Q test, P < .10 
represented statistically significant heterogeneity, and the I2 

statistic represented the percentage of total variation between- 
study variation with a range of 0% to 100%. If there was no 
significant heterogeneity, a fixed model was used; otherwise, 
a random model was used. Funnel plots, Egger’s test, and 
Begg’s test were used to determine the possibility of publication 
bias. To evaluate the degree to which each study affected the 
overall HRs with 95% CI, sensitivity analysis was performed 
using the “one-study removed” method. All the statistical ana
lyses were performed using a Comprehensive Meta-Analysis 
software version 3.0 (Biostat Inc., Englewood Cliffs, New 
Jersey, US). P-values of less than 0.05 were considered statisti
cally significant.

Results

Study selection

A flowchart demonstrating how citations were identified and 
included or excluded from the study is shown in Figure 1. 
A total of 139 non-overlapping citations were identified and 
screened from the previously described electronic databases. 
After screening of abstracts or titles, leaving 24 studies for full- 
text review and eligibility assessment. After a detailed evalua
tion, 17 of these citations were excluded, and 7 citations met 
the inclusion criteria and were included in the present study.17– 

22,25 Agreement among reviewers regarding the eligibility of 
these articles was 100%.

Characteristics of the included studies

All seven studies investigated the effects of PPI on ICI efficacy 
in patients with advanced metastatic cancer. A total of 3,647 
advanced cancer patients were included. Three studies focused 
on NSCLC, one study focused on urothelial carcinoma (UC), 
and three studies focused on pan-cancer (i.e., NSCLC, mela
noma, and renal cell carcinoma). One study was reported in 
Spain, one in China, one in Japan, two in Italy, and two were 
reported globally (OAK/POLPAR study, IMvigor210/ 
IMvigor211 study). For immunotherapy types, two studies 
focused on PD-L1 inhibitor (atezolizumab), one focused on 
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PD-1 inhibitor (Nivolumab), three focused on PD-1/L1 inhi
bitors or CTLA-4 inhibitor, while another study focused on 
PD-1/L1 inhibitors alone or combination with chemotherapy 
or targeted therapy. The study size range was 90 to 1,112 
patients (Table 1). Immunotherapy use was first-line, second- 
line, and beyond treatment. The study endpoints of five studies 
were PFS or OS, while two studies mainly investigated OS. The 
quality of the four included studies was considered “good,” and 
another three were “moderate” based on the Newcastle– 
Ottawa scale system.

Effect of concomitant PPI use on ICI efficacy

Five studies investigated the influence of concomitant PPI use 
on PFS among advanced patients receiving ICI treatment. 
A total of 3,340 patients were included in the meta-analysis 
of the association of concomitant PPI use on PFS of ICIs 
treatment. Compared with patients without PPI use, the meta- 
analysis showed that PPI use could increase the risk of progres
sion by 28%, and the pooled HR for PFS was 1.28 (95% CI 
1.17–1.40) (Figure 2a). No statistically significant heterogeneity 
was observed across all five studies (I2 = 31.3%, Q test P = .21).

All seven studies including 3,647 advanced cancer patients 
described the effects of concomitant PPI use on OS among 
patients receiving ICI treatment. The meta-analysis showed 
that PPI use was also associated with shorter OS of advanced 
cancer patients receiving ICIs that PPI use increased the risk of 
death by 39% (HR = 1.39, 95% CI 1.26–1.54) (Figure 2b). 
Similarly, no statistically significant heterogeneity was 
observed across these studies (I2 = 36.5%, Q test P = .16).

Sensitivity analysis

The pooled HRs for PFS were not significantly different after 
excluding one study at a time in the sensitivity analysis, ranging 

from 1.24 (95% CI 1.11–1.38, after excluding Hopkin SM’s 
study) to 1.30 (95% CI 1.18–1.42, after excluding A. Iglesias- 
Santamaria’s study or Zhao S’s study) (Figure 3a). Moreover, 
the pooled HRs for OS also did not significantly change in the 
sensitivity analysis. The overall HRs ranged from 1.34 (95% CI, 
1.19–1.51, after omitting Hopkin SM’s study) to 1.45 (95% CI 
1.29–1.63, after omitting Cortellini A’s study) (Figure 3b).

Publication Bias

There was no evidence of publication bias for pooled HR for PFS 
analysis (Egger’s test: P = 1.00; Begg’s test: P = .45; Figure 4a) or 
pooled HR for OS (Egger’s test: P = .59, Begg’s test: P = .81; 
Figure 4b) across the studies. No significant publication bias was 
detected in other meta-analyses.

Discussion

Accumulated evidence has demonstrated that the intestinal 
microbiota serve an important role in shaping systemic 
immune responses.12,13 Thus, further investigation has shown 
that concomitant medications with immune-modulatory prop
erties through altering intestinal microbiota may affect the 
efficacy of ICIs among cancer patients such as antibiotics and 
PPIs.22,25 At present, few studies have reported the association 
between the PPI use and response to ICIs, but with conflicting 
results. Li C et al. conducted a meta-analysis including 1,167 
cancer patients to investigate the impact of PPI use on the 
survival of cancer patients treated with ICI, suggesting conco
mitant ICI-PPI therapy does not appear to be significantly 
associated with ICI efficacy.32 However, the impact of PPI use 
on ICI efficacy remains poorly defined due to the small sample 
size. In the past year, the effect of PPI use on ICI efficacy has 
been investigated in several global large-scale clinical trials 
including IMvigor210/IMvigor211 trials. Thus, an updated 

Figure 1. Flowchart showing article identification as well as inclusion and exclusion criteria.
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systematic review and meta-analysis was required. In the pre
sent study, a systematic review was conducted to comprehen
sively summarize the current literature on the associations 
between PPI use and ICI efficacy.

The present analysis included seven studies, and the 
impact of PPI use was evaluated in 3,340 advanced cancer 
patients for PFS and 3,647 for OS. The meta-analysis showed 
that concomitant ICI use is associated with lower clinical 
benefit of ICIs with no significant between-study 

heterogeneity, regardless of PFS or OS. Pooled HRs sug
gested that PPI use increased the risk of progression by 
28% and death by 39% among advanced cancer patients 
treated with ICIs, revealing significantly reduced clinical 
benefit of ICIs treatment. Among the included studies, data 
from OAK/POPLAR as well as IMvigor210/IMvigor211 
study were consistent with the pooled results. Both studies 
demonstrated that concomitant PPI use influenced the effi
cacy and prognosis of NSCLC and UC patients who received 

Figure 2. HRs of PFS(a) and OS(b) in patients receiving ICIs with concomitant PPIs use or not. HRs: Hazard Ratios; PFS: Progression-Free Survival; OS: Overall Survival.

Figure 3. Sensitivity analysis for HRs of PFS (a) and OS (b).
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ICI treatment.18,21 Conversely, some studies have not yielded 
a significant positive association between PPI use and ICI 
efficacy. For example, Routy et al. revealed shorter PFS and 
OS among NSCLC, UC, and RCC patients, but without 
significant statistical differences.24 Mukherjee et al. and 
Iglesias-Santamaría’s studies also did not find statistically 
significant differences among patients with PPI.22,23 One 
possibility for this discrepancy is the sample size. Most stu
dies observed shorter OS or PFS among patients with PPI 
use, but without statistically significant difference such as 
Routy et al., Mukherjee S et al., and 
A. Iglesias-Santamaría’s studies.22–24 Three cohorts did not 
yield a significant association between PPI use and ICI effi
cacy, while each cohort only recruited around 100 
patients.22,23,25 Thus, the present meta-analysis with larger 
sample sizes is required for elucidating this association.

The present study did not elucidate causality between PPI 
use and ICI efficacy nor did it identify the underlying mechan
isms of action involved. However, it contributes to the hypoth
esis of a potential link between PPI exposure and ICI efficacy. 
Most studies have promoted the vital role of gut microbiota in 
the association between PPI use and immunotherapy.12,13 In 
contrast to antibiotics, the mechanisms are indirect. PPI may 
alter the pH levels of the gut and change the number and types 
of bacteria that pass through the stomach through inhibition of 
gastric acid secretion.33 Notably, taxa enriched by the PPI- 
induced pH changes are also important for ICI response, and 
PPI use may affect the clinical outcome of ICIs. The above 
mechanisms are a potential explanation for this association, 
but the actual mechanisms remain unclear. Thus, basic 
research is also needed on the possible mechanisms of action 
of interactions between PPI use and decreased ICI efficacy.

Recently, ICIs have made remarkable achievements in the 
treatment of gastrointestinal cancer including colorectal can
cer, gastric cancer, esophageal cancer, etc.34–36 Several studies 
have suggested the potential association of PPI use with the risk 
of gastrointestinal tumor via the regulation of the composition 
and diversity of gut microbiota.37,38 In the present study, no 
included study has focused on gastrointestinal tumor. Thus, it 
remains unclear whether the negativity of PPI use on ICIs 
efficacy is more pronounced in patients with gastrointestinal 
cancer, compared with other solid tumors. The impact of PPI 
use on gastrointestinal tumor patients receiving ICI treatment 
needs to be investigated in the future. In addition, the subgroup 
analysis stratified by tumor type could not be performed due to 

small sample size. Further research on the effect of individual 
ICIs in different cancer patients is required.

Accumulating evidence suggested that, in addition to the 
efficacy of ICIs, the occurrence of immune-related adverse 
events (irAEs) following ICI treatment may also be affected 
by intestinal microbiota.39–42 Dubin et al. conducted 
a prospective study of a cohort of melanoma patients receiving 
CTLA-4 inhibitor, found that the development of ICI- 
associated colitis could correlate with specific intestinal 
microflora.40 Patients in the non-colitis group had a higher 
abundance of Bacteroidetes. Meanwhile, Chaput et al. reported 
that the high abundance of Bacteroidetes was closely associated 
with a longer colitis-free therapy period, but poor prognosis. 
Conversely, patients with a high abundance of 
Faecalibacterium or Firmicutes were more likely to develop 
colitis while having better survival.39 This evidence demon
strated that specific intestinal microbiota could influence the 
susceptibility to colitis and therapeutic effect of ICIs, suggest
ing the existence of a delicate balance with respect to the 
tumor-killing versus colitis-inducing effects of ICI 
treatment.43 These findings suggest a new therapeutic micro
biota-based paradigm for boosting the efficacy of ICIs or miti
gating irAEs.41,42 However, only a few investigations 
concerning the association between PPI use and irAEs follow
ing ICI treatment has been reported until now. Hopkins AM 
et al.’s study based on the pooled analysis of IMvigor210/ 
IMvigor211 trials demonstrated that no significant association 
between PPI use and the first occurrence of atezolizumab- 
induced AE was identified.21 However, due to the small sample 
size and nature of retrospective study, the potential mechan
isms underlying these phenomena and accurate associations of 
PPI use with irAEs occurrence required to be extensively 
explored in future preclinical or clinical studies.

Although there was no significant heterogeneity across the 
included studies and no study solely responsible for the pooled 
effect in leave-one-out analysis, some confounding factors 
might affect the pooled conclusion. First, the PPI type and 
dose. The capacity for acid suppression among different types 
and doses of PPIs may lead to different alterations in the gut 
microbiome, potentially affecting the response to anti-PD-1/ 
PD-L1 treatment. However, this information was not reported 
across these studies. The second is the ICI treatment regimen. 
Most studies reported efficacy of ICIs alone, while Zhou et al.’s 
study included patients treated with ICI alone, in combination 
with chemotherapy, or in combination with anti-VEGFR 

Figure 4. Publication bias. (a) Begg’s funnel plot of HR ratios of PFS; (b) Begg’s funnel plot of HR ratio of OS.
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targeted therapy.25 After excluding this study, the sensitivity 
analysis showed that the pooled HR for PFS or OS remained 
consistent. Future studies should also further explore the 
effects of PPI use among patients treated with ICIs combined 
with chemotherapy during the first line, which is becoming the 
more commonly used method. In addition, the PPI window 
respective to ICIs start. Lurienne et al.’s study demonstrated 
that the influence of antibiotics on ICI immunotherapy among 
NSCLC patients depended on the time window of exposure, 
with stronger effects reported when the patients took antibio
tics (−60 days to 60 days) around ICI initiation.44 Among these 
included studies, most PPI use was within 1–2 months before 
and 1 month after ICI initiation, but the subgroup analysis 
could not be conducted due to the inadequate information. 
Analysis confirmed that the association between PPI window 
respective to ICI initiation and ICI efficacy was also required. 
Thus, a larger prospective study adjusting for these confound
ing factors should be conducted to better understand the rela
tionship between PPI use and ICI efficacy.

The recent meta-analysis of more than 3,000 patients 
yielded a positive association between PPI use and ICI 
efficacy without any significant heterogeneity across the 
included studies. Based on these results, in clinical prac
tice, concomitant drugs could be held or replaced if sus
pected to have a detrimental interaction with response to 
ICIs. This is certainly the case for non-vital medications 
such as PPIs, which could be discontinued. Of course, the 
present study has several limitations. Because this topic 
has been discussed in recently, so the number of studies 
included was relatively small. Although there is no signif
icant heterogeneity across those studies with more than 
3,000 cases, but small sample size may affect the accuracy 
and reliability of the conclusions. Second, although we 
preferred HR with 95% CI from multivariate survival 
analysis, it was impossible to completely exclude the influ
ence of confounding factors inherent (gut modulators 
such as diet, geography, or other concomitant medica
tions) among these patients. Third, the most used study 
protocol was a retrospective design. Retrospective studies 
sometimes lack control over variables that can alter out
comes. Despite these limitations, this study provides 
a comprehensive summary of the current literature.

In conclusion, this study evaluated the effect of concomitant 
PPI use on ICI efficacy in advanced cancer patients by system
atically reviewing the relevant literature. The findings demon
strated that PPI use during ICI treatment initiation was 
correlated with decreased PFS and OS, which is hypothesized 
to decrease ICI efficacy among advanced cancer patients. The 
findings also highlight the need for larger prospective studies 
while adjusting for other confounding factors and evaluating 
patient survival and changes in intestinal microbiota affected 
by PPI use.
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