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Abstract
Background  Capectiabine is an oral antineoplastic drug used in multiple malignancies. Proton pump inhibitors (PPI) have 
been proven to interact with other oral antineoplastic agents. In this systematic review we will summarize the clinical evi-
dence on the efficacy of capecitabine when used concomitantly with PPI.
Materials and methods  We performed a systematic literature search on the main databases up to November 2019.
Results  Nine studies met our inclusion criteria: 8 retrospective studies and 1 phase II clinical trial. Patients with colorectal, 
breast and gastroesophageal were represented. Four out of the 9 studies reported a shorter efficacy outcome in uni- or mul-
tivariate analysis when capecitabine was taken concomitantly with PPI than alone.
Conclusions  Up to date, the clinical evidence reported on the use of capecitabine concomitantly with PPI is scarce and 
shows conflicting results. While awaiting further data, avoiding misuse of PPI in cancer patients taking capecitabine is 
recommended.
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Introduction

Capecitabine is an antineoplastic drug with widespread use 
in oncology. It is commonly used alone or in combination in 
colorectal, breast, gastroesophageal, hepatobiliary, pancre-
atic, anal and neuroendocrine cancers [1]. Capecitabine is 
an oral pyrimidine analog of the antimetabolite group. It is a 
prodrug of 5-fluorouracil that needs to be hydrolyzed in tis-
sues and liver and subsequently metabolized within cells into 
the active metabolites [2]. Proton pump inhibitors (PPIs) are 
the most effective therapy for gastric-acid-related diseases 
[3]. They bind covalently to the H+/K+ ATPase of the gas-
tric parietal cell reducing gastric-acid secretion [4]. Their 
efficacy, tolerability, and safety have led a widespread use 
worldwide [5]. In fact, 20–55% of cancer patients take PPI 
[6]. However, concerns about overuse and misuse have been 
increasingly reported [5]. There is a well-known interaction 
between PPI and some oral antineoplastic agents, mainly 
multikinase inhibitors [7]. However, there is conflicting data 

regarding capecitabine. Although preclinical data suggest 
no interaction [8], the report of some retrospective studies 
showing decreased clinical efficacy when capecitabine was 
given concomitantly with PPI has led to the inclusion of this 
interaction in drug interaction databases such as Microme-
dex and Lexicomp [9, 10]. This systematic review aims to 
summarize the clinical evidence on the efficacy of capecit-
abine when administered concomitantly with PPI.

Materials and methods

Review design

This review was performed according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines.

Data sources and search strategy

We searched the electronic databases MEDLINE, Pubmed 
Central, Embase and the Cochrane Library CENTRAL to 
identify all relevant records to November 2019. Our search 
strategy was restricted “proton pump”, “omeprazole”, 
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“lansoprazole”, “dexlansoprazole”, “esomeprazole”, “pan-
toprazole”, “rabeprazole” or “ilaprazole” and “capecitabine” 
with no limits for time or language. We also searched pub-
lished conference abstracts from the annual meetings of the 
American Society of Clinical Oncology (ASCO), European 
Society of Medical Oncology (ESMO) and other interna-
tional meetings. Finally, we searched for ongoing clinical 
trials in US National Institutes of Health Ongoing Trials 
Register (www.clini​caltr​ials.gov). There was no restriction 
for language. The main author independently selected the 
reports included and then was revisited by the remaining 
authors. The study was conducted in compliance with local 
ethics regulations.

Inclusion and exclusion criteria

We included clinical trials and observational studies. Eligi-
bility was restricted manuscripts that included comparative 
studies in patients with cancer treated with capecitabine, 
alone or in combination, with or without proton pump 
inhibitors. Manuscripts have to report at least one efficacy 
outcome (overall response rate [ORR], progression-free 
survival [PFS], disease-free survival [DFS] or overall sur-
vival [OS]). Single-arm studies and preclinical studies were 
excluded.

The primary outcomes were median PFS/DFS, median 
OS since the start of the treatment and ORR. ORR was 
determined by the sum of complete response (CR) and par-
tial response (PR).

Study selection, data extraction and quality 
assessment

The lead author (DV) carried out the first screening of arti-
cle. A author (NR) validated the screening. DV and both 
assessed full-text articles. Discrepancies were discussed to 
reach a consensus. Three independent reviewers (JF, OH, 
IG) assessed study quality.

Results

Within a multistep process, we have screened 468 records 
for duplicates and eligibility, resulting in 10 publications 
undergoing abstract/full-text screening (Fig. 1) [11–20]. Our 
final study selection included 8 retrospective studies [11–19] 
and 1 phase II clinical trial [19]. Of these records, there are 
2 conference abstracts found on Embase that met the inclu-
sion criteria [17, 19]. Significant heterogeneity was found 
between studies. Six of the 9 studies included patients with 
colorectal cancer [11–16]. Other types of tumor included 
were breast [17], gastroesophageal [18], and gastrointestinal 
[19]. Patients had capecitabine in the neoadjuvant (N = 1), 

adjuvant (N = 2), metastatic (N = 4) or both (N = 2) setting. 
The number of patients varies between 61 and 455. Capecit-
abine was administered either alone (N = 4) or in combina-
tion with oxaliplatin (CapeOX) (N = 3). One arm of the study 
by Chu MP et al. added lapatinib to capecitabine-oxaliplatin 
as part of a clinical trial [18]. The PPI under evaluation also 
varied between the studies. Most of the studies included all 
PPI [12, 14, 16–18], while others only included patients 
treated with omeprazole [11, 15] or rabeprazole [20]. Rine-
heart et al. included any anti-acid suppressant therapy [15].

Efficacy results of the 9 studies are included in Table 1. 
Overall, 4 out of the 9 studies showed that patients treated 
with capecitabine and PPI had worse clinical outcome than 
patients treated with capecitabine alone [12, 13, 16, 18]. 
Three of the 6 studies including patients with colorectal 
cancer showed a shorter PFS for the combination group in 
uni or multivariate analysis [12, 13, 16]. However, none of 
them showed a significant association with OS. Patients with 
gastric cancer were represented in two studies [17, 18]. The 
retrospective study by Yang et al. (abstract) [17], did not 
show any association with survival. In the post-hoc analysis 
of a phase III trial by Chu et al. [18], a significant association 
with worse PFS and OS was seen in multivariate analysis 
for patients treated with CapeOX and PPI. This difference 
was not seen in the arm of CapeOX-lapatinib. Breast cancer 
patients were included in the study of Yang et al. [17], but 
no difference was seen for efficacy between the two arms.

Discussion

Up to date, 9 studies [11–19], including 2 congress abstracts 
[17, 19], have explored the efficacy of capecitabine when 
given concomitantly with PPI. Four of them found a det-
rimental effect of PPI on capecitabine efficacy [12, 13, 16, 
18], while the small phase II trial [19] and other retrospec-
tive studies do not [11, 14, 15, 17].

Capecitabine should be taken with water within 30 min 
after a meal. Food decreases the rate of absorption but does 
not affect systemic metabolite levels [1]. Although tradi-
tionally there has been no advice for concomitant PPI use, 
recent drug interaction platforms have included this interac-
tion based on two of the most solid retrospective studies [9, 
10]. Wong et al. [12] reported a detrimental effect in RFS 
and OS of concomitant adjuvant CapeOX and PPI in patients 
with localized colorectal cancer (HR for RFS: 2.20, P: 0.018 
in multivariate analysis). Interestingly, in patients receiving 
FOLFOX as adjuvant therapy, no significant effect of con-
comitant PPI was observed. Chu et al. [18] also reported a 
detrimental effect on PFS and OS in multivariate analysis 
when CapeOX was administered concomitantly with PPI 
vs alone in patients with metastatic GE cancer in a post-
hoc analysis of a phase III trial (TRIO-013). This effect 
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was not significant when lapatinib was added to the chemo-
therapy backbone. Other studies support to some extent this 
hypothesis. Rhinehart et al. [13] found a shorter PFS in 70 
patients with localized or metastatic colon cancer treated 
with capecitabine and concomitant acid-suppression therapy 
(PPI or histamine 2 receptor antagonists) after adjustment 
for disease severity and age. Sun et al. [16] found a detri-
mental association for PFS in univariate analysis in patients 
with localized colon cancer when adjuvant capecitabine was 
administered concomitantly with PPI. However, it did not 
reach significance in multivariate analysis.

On the other hand, a small phase II trial and other less 
robust studies have indeed opposite outcomes. Roberto M 
et al. [19], owing to a possible beneficial effect of rabepra-
zole in preclinical and early clinical data [20], presented 
at ESMO 21st World Congress on Gastrointestinal Cancer 
as an abstract the updated results of combining high-dose 
proton-pump inhibitor rabeprazole as a salvage treatment for 
61 patients with refractory advanced GI cancers. There were 
no significant differences in PFS in both arms of the study. 
OS was numerically better in the combination arm (10 vs 
6 months); however, it did not reach statistical significance 

(P = 0.6). Surprisingly, hand-foot syndrome was more fre-
quently reported in the combination arm. Yang et al. [17] 
presented as an abstract at the 33rd International Conference 
on Pharmacoepidemiology & Therapeutic Risk Manage-
ment a post-hoc analysis evaluating the efficacy of capecit-
abine and PPI of three randomized phase III trials including 
breast and gastric cancer. No effect on PFS was observed and 
results on OS were not reported. Zhang et al. [15] did not 
find a significant difference among users and non-users of 
omeprazole in patients with colorectal cancer when capecit-
abine was used with concomitant radiotherapy as part of the 
neoadjuvant treatment. However, patients that had 200 mg 
of omeprazole have a longer DFS and OS in multivariate 
analysis (HR = 0.30, 95%CI: 0.09–0.99, P = 0.048). The con-
comitant use of radiotherapy may hinder the actual effect of 
capecitabine. Other retrospective studies did not find any 
relationship of combination therapy with efficacy.

One of the main reasons for this possible interaction 
relies on the hypothesis that PPI, by increasing gastric 
pH, may reduce dissolution and absorption of capecit-
abine. However, the dissolution of capecitabine tablet is 
similar in a wide range of pH (2–6.8) and drug ionization 

Fig. 1   PRISMA flow diagram of the literature search
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is theoretically minimal at the pH induced by PPI [8]. A 
study with the antiacid Maalox found a small increase in 
capecitabine and little impact of 5-FU systemic levels. 
However, PPI are more potent gastric antiacid than Maa-
lox, and thus the former may have more impact on blood 
levels of capecitabine [21]. Other authors have even attrib-
uted antineoplastic properties to PPI due to the blockade 
of the V-H(+)-ATPases on cancer cells [14, 22]. There 
are few pharmacokinetic studies on the topic. Sekido M 
et al. [20] found no significant effects of rabeprazole on the 
area under the plasma concentration–time curve divided 
by capecitabine dose for capecitabine and its three metabo-
lites. Overall, preclinical and pharmacokinetic evidence 
does not seem to preclude the use of capecitabine with 
concomitant PPI. Recently, it has been postulated that 
gut microbiome modulates the toxicity profile of chemo-
therapy and the response to cancer therapy, mainly immu-
notherapy [23]. A preclinical report showed that some 
bacteria may modify some chemotherapy agents efficacy, 
although it was not for capecitabine [24].

This controversy is raised in a context of a worldwide 
overuse and misuse of PPI. In Europe, the use of PPI has 
dramatically increased in some countries. For example, 
in Spain, omeprazole ranked number one in drug sales in 
2010, and the use has quadrupled since the year 2000 [25]. 
It is estimated that misuse reaches 50% of the prescriptions, 
mainly due to inappropriate prevention of pharmacological 
gastric damage and stress ulcer prevention in low-risk hos-
pitalized patients [26].

Multiple caveats limit the interpretation of the results. 
The retrospective nature of the main studies and the small 
number of patients in the clinical trial only provides low-
quality evidence. Different tumors, clinical scenarios, chem-
otherapy regimens, and PPI used further limits the generali-
zation of the results. The use of PPI previous to the start of 
capecitabine may reflect an underlying disease that could 
influence efficacy outcomes and concomitant disease, con-
comitant medications and performance status are not com-
monly taken into account in the studies.

In conclusion, at this moment, only low-quality studies 
have addressed the efficacy of capecitabine and concomi-
tant PPI and the results are conflicting. Prospective studies 
addressing the role of capecitabine and proton pump inhibi-
tors need to be carried out. Until further evidence sheds 
some light in the issue, adequate prescription of PPI should 
be encouraged to avoid overuse and misuse of PPI.
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