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Drugedrug interactions with proton pump inhibitors in cancer patients: an
underrecognized cause of treatment failure
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New concepts and drugs have revolutionized medical treatment for cancers. These drugs, which are very expensive and
usually well tolerated, have dramatically improved cancer prognosis. We must use them wisely for patients to fully
benefit. Gastric acid antisecretory drugs and particularly proton pump inhibitors (PPIs) revolutionized the treatment
of gastroduodenal ulcers and severe gastroesophageal reflux, but are frequently overused for symptomatic
treatment of epigastric pain or heartburn. Long-term acid suppression may alter the efficacy of many anticancer
drugs, such as tyrosine kinase inhibitors (TKIs), cyclin-dependent kinase (CDK) 4/6 inhibitors and immune checkpoint
inhibitors (ICIs), by either decreasing gastric acid secretion and thus drug absorption, or by modifying the gut
microbiome that modulates the response to ICIs. Oncologists thus need to pay particular attention to the
concomitant use of PPIs and anticancer drugs. These interactions translate into major clinical impacts, with
demonstrated loss of efficacy for some TKIs (erlotinib, gefitinib, pazopanib), and conflicting results with many other
oral drugs, including capecitabine and CDK 4/6 inhibitors. Furthermore, the profound changes in the gut
microbiome due to using PPIs have shown that the benefit of using ICIs may be suppressed in patients treated with
PPIs. As the use of PPIs is not essential, we must apply the precautionary principle. The first sentence of a recent
Comment in Nature was “Every day, millions of people are taking medications that will not help them”. We fear
that every day millions of cancer patients are taking medications that harm them. While this may well be only
association and not causation, there is enough to make us pause until we reach a clear answer. All these data
should encourage medical oncologists to refrain from prescribing PPIs, explaining to patients the risks of interaction
in order to prevent inappropriate prescription by another physician.
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INTRODUCTION

In the past 20 years, the therapeutic landscape in medical
oncology has been dramatically modified by the demon-
strated efficacy of both targeted therapies, in many tumors
with driver molecular alterations [mainly tyrosine kinase
inhibitors (TKIs), taken orally], and immune checkpoint in-
hibitors (ICIs), in different cancers. These efficient new
treatments have a totally different safety profile in com-
mon, better than conventional systemic chemotherapy, a
higher price plus the possibility of therapeutic failures due
to unusual drugedrug interactions.1,2
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Proton pump inhibitors (PPIs) are some of the most
frequently prescribed drugs in the world and frequently
prescribed inappropriately to relieve digestive symptoms.3

They are considered very safe, but in the general popula-
tion, there is an excess of cause-specific mortality related to
the use of PPIs. In a longitudinal cohort study (United States
Veterans), new users of PPIs experienced excess mortality
from cardiovascular and chronic kidney diseases compared
to new users of H2 blockers.4 In a recent prospective study
we showed that more than a quarter of cancer patients
receiving anticancer treatment used PPIs.5 Suppression of
gastric acidity can decrease the absorption, and thus the
efficacy, of certain targeted therapies, and change the
composition of the gut microbiome, which has an impact on
the response to immunotherapy.6-9 It is thus possible that a
symptomatic treatment might worsen patients’ prog-
nosis.10,11 Using PPIs in the fragile population of cancer
patients is thus a real issue, on its own and because of
possible drugedrug interactions.12
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In this review, we aim to update these potential in-
teractions between use of PPIs and anticancer treatments.

LITERATURE SEARCH STRATEGY

We conducted a search in PubMed database for English
language studies published until 15 December 2022 using the
following Medical Subjects Headings terms and key words:
‘proton pump inhibitors’, ‘cancers’, ‘chemotherapy’, ‘immu-
notherapy’, ‘tyrosine kinase inhibitors’, ‘CDK4/6 inhibitor’,
‘microbiome’. This manuscript is not a systematic review as
we kept for analysis only articles published in ‘major journals’.

MECHANISMS OF DRUGeDRUG INTERACTIONS OF PPIS
WITH ANTICANCER TREATMENTS

PPIs, substituted benzimidazoles, suppress the secretion of
gastric acid via irreversible inhibition of Hþ/Kþ ATPase in the
gastric parietal cells. For example, omeprazole 20 mg once
daily (results are similar with 40 mg) for 3 months, in healthy
subjects, increased median gastric pH from 1.7 to 4.6 and
mean percentage of time at pH <4 from 89% to 35%.13 But
Hþ/Kþ ATPases are not only located in parietal cells, and
non-gastric Hþ/Kþ ATPases can be found in neutrophils,
myelomonocytes, osteoclasts, the kidneys, prostate, colon,
placenta, pancreas, etc.The effect of PPIs on these ATPases is
not well known. PPIs are, directly or indirectly, involved in
different processes, such as interactions with certain brain
enzymes (impact on dementia), pancreatic secretion, skeletal
side-effects (involved in bone fractures), kidney function,
sperm motility and virus replication.14-16 They have antioxi-
dant and anti-inflammatory functions, acting on various
cellular types including immune, vascular endothelial and
epithelial cells.17 PPIs have a role in the regulation of pro-
inflammatory cytokines, explaining how PPIs may have a
protective function in idiopathic pulmonary fibrosis.18 PPIs
can also affect the transmigration of leukocytes from vessels
to inflammatory sites, alter neutrophileendothelial cell in-
teractions and decrease peripheral blood monocytes.19-21

The tumor microenvironment is acidic and PPIs, which in-
crease the pH, can affect local immunity.22 Then, contrary to
whatwas initially believed, PPIs do not only target gastric acid
secretion (Figure 1).

But this decrease in gastric acid secretion may be of
paramount importance for some drugs administered orally,
such as TKIs (Figure 1). Oral administration is flexible and
convenient, but requires clear and strict recommendations
regarding meals (timing of administration, fat composition,
etc.) and drug interactions. The risk of drugedrug interac-
tion is prominent, with an impact on drug toxicity or effi-
cacy in cancer patients, who are usually given many drugs.
TKIs are weakly basic, and co-administration with a gastric
acid-suppressive drug increasing the gastric pH decreases
their bioavailability.9,23 Many (dasatinib, erlotinib, gefitinib,
pazopanib, lapatinib, nilotinib, sunitinib and vandetanib)
display pH-dependent solubility and absorption.15,23 This
decrease in bioavailability can sometimes be significant and
associated with decreased efficacy. One review reported a
major decrease in the oral absorption of crizotinib,
2 https://doi.org/10.1016/j.esmoop.2023.100880
dasatinib, erlotinib, gefitinib, lapatinib and pazopanib, and
recommended avoiding concomitant use of PPIs or H2 an-
tagonists.24 A recent systematic review and meta-analysis of
the use of gastric acid suppressants and oral anticancer
treatments supports the evidence for a possible negative
impact of such combinations on survival outcomes.25

On the other hand, gastric acidity plays a crucial role in
filtering out bacteria and preventing enteric infections. Using
PPIs leads to significant changes in themicrobial composition
of both gastric and intestinal microbiomes. A decrease in
acidity due to PPIs facilitates the growth of upper intestinal
bacteria in the gut but also has a direct inhibitory effect on
certain bacteria, as some bacteria have Hþ ATPases that
might be blocked by PPIs.17,26 Drugemicrobiome interactions
have recently been studied by metagenomic sequencing of
fecal samples in large population cohorts; 41 drugs were
analyzed, and the overall composition of the gut ecosystem
was consistently altered only in caseswhere PPIs andmultiple
drugs were used.27 All PPIs had a similar effect on the gut
microbiome.27 The functional changes induced by these
modifications are not well known.26 There is increasing evi-
dence suggesting that the gut microbiome can modulate the
host’s antitumor response and the response to ICIs, anti-
cytotoxic T-lymphocyte-associated protein 4 and chimeric
antigen receptor-T cells (Figure 1).28-31 For example, the
microbiome of responders to ICIs is enriched in Firmicutes,
and inmelanoma patients treatedwith anti-programmed cell
death protein 1 (PD-1) there is a difference in themicrobiome
between treatment responders and non-responders.6,32 It is
now clear that antibiotics (ATB) can inhibit the clinical ben-
efits of ICI by modifying the composition of the gut micro-
biome.2,33,34 PPIs decrease bacterial richness and induce
profound changes in the gut microbiome; these alterations
are more prominent than the effects of ATB or other
commonly used drugs and the impact on immunotherapy
efficacy is a major issue.
PPIS AND CHEMOTHERAPY

A systematic review and meta-analysis confirmed previous
data showing that the co-administration of PPIs with
intravenous methotrexate is associated with delayed high-
dose methotrexate elimination (higher plasma concentra-
tion at 24 and 48 h) and must be avoided.35 A recent
prospective multicentric observational study collected data
from patients treated with pemetrexed-based chemo-
therapy and showed that PPI use (55 patients out of the
cohort of 156) was associated with a significantly higher risk
of severe hematologic toxicity in a multiparametric analysis
[hazard ratio (HR) 2.51; 95% confidence interval (CI) 1.47-
4.26].36 This may be related to an inhibitory effect of PPIs
on renal human organic anion transporter 3 (Figure 1).37

Capecitabine absorption depends on gastric acidity, and
substantial reductions in gastric acidity can lead to less drug
dissolution and less absorption. But, in a (very short) series of
12 patients no interaction was found between co-
administration of Maalox® and capecitabine. The TRIO-013/
LOGIC randomized clinical trial compared capecitabine and
Volume 8 - Issue 1 - 2023
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Figure 1. Proton pump inhibitor (PPI) interactions with anticancer drugs. Pemetrexed and methotrexate are excreted by renal transporters (hOAT3) inhibited by PPIs,
resulting in higher risk of hematological toxicity.35-37 Inhibition of gastric HþKþ ATPase increases the gastric pH and reduces absorption of many anticancer drugs,
particularly tyrosine kinase inhibitors (TKIs), capecitabine and cyclin-dependent kinase (CDK) 4/6 inhibitors.9,23,24,38,39,42,73,75 This increase in gastric pH also eliminates
the crucial role in filtering out bacteria and with a direct role of PPIs on bacteria results in a dysbiose.26,27 This dysbiose in association with a direct action of PPIs on
immune system may decrease or erase efficacy of immune checkpoint inhibitors and may interact with efficacy of anti-cytotoxic T-lymphocyte-associated protein 4
(CTLA-4) and chimeric antigen receptor (CAR)-T cells.31,83,84,89 Colored boxes: drugedrug interactions with clinically demonstrated interactions; white boxes: suspected
drugedrug interactions with clinically conflicting results.
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oxaliplatin (CapeOx) with or without (placebo) lapatinib, in
human epidermal growth factor receptor 2-positive meta-
static gastroesophageal cancer. A secondary unplanned
analysis compared overall survival (OS) and progression-free
survival (PFS) between patients, based on exposure to PPIs.
Of the 545 patients, 229 received PPIs; in the placebo group,
PPI-treated patients had poorer median PFS (4.2 versus 5.7
months; HR 1.55; 95% CI 1.29-1.81) and median OS (mOS)
(9.2 versus 11.3 months; HR 1.34; 95% CI 1.06-1.62); in
multivariate analysis (age, race, disease stage, sex), the
impact of PPI use remained crucial. In patients also receiving
lapatinib, the effect of PPIs on PFS and OSwas significant only
in multivariate analysis.38 In a retrospective review of 389
colon cancer patients receiving adjuvant FOLFOX or CapeOx
regimens, recurrence-free survival was lower in CapeOx-
treated PPI users than in non-users. Surprisingly, the
opposite (but not statistically significant) was observed in
FOLFOX-treated patients. It thus seems that PPIs adversely
affected the efficacy of CapeOx but not FOLFOX treatment,
thereby affecting the efficacy of capecitabine.39 The same
Volume 8 - Issue 1 - 2023
authors reviewed data from capecitabine monotherapy used
as an adjuvant for early-stage colorectal cancers. Of the 298
patients, 77 (25.8%) received concurrent PPIs; the 5-year
recurrence-free survival was lower in PPI users than in non-
users (74% versus 83%; HR 1.89; 95% CI 1.07-3.35). This dif-
ference was no longer significant (HR 1.65; 95% CI 0.93-2.94)
after adjusting for sex, age, stage and performance status
(PS).40 Decreasing efficacy in an adjuvant setting is awful as it
translates to patients who will experience disease recurrence
and then die from this early-stage cancer. A recent Japanese
retrospective observational study of patients with stage II-III
colon cancer receiving capecitabine or CapeOx in an adjuvant
setting showed that in the 606 patients analyzed, 54 had PPIs;
these patients tended to have poorer recurrence-free sur-
vival and OS than those treated without PPIs.41 This inter-
action between PPIs and capecitabine was also shown in a
post hoc analysis of the AXEPT phase III trial (trial conducted
in Korea and Japan).42 Kichenadasse et al. carried out a sec-
ondary analysis of six randomized controlled trials (RCTs) in
patients with advanced colorectal cancers using individual
https://doi.org/10.1016/j.esmoop.2023.100880 3
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patient data.43 Out of 5594 patients, 902 received PPIs at trial
entry. PPI use was significantly associated with worse OS (HR
1.20; 95% CI 1.03-1.40) and PFS after adjusting for covariates.
Surprisingly, this was observed for intravenous 5-fluorouracil
(5-FU) but not for patients treatedwith capecitabine. No clear
explanation was found: alterations in the gut microbiome,
altered immune milieu within the tumor, interactions
through transporter inhibition by PPIs (OATS, hENT1)?43

A randomized crossover study in 22 patients with cancer
compared capecitabine alone, capecitabine with esomepra-
zole 3 h before and capecitabine plus cola 3 h after esome-
prazole. They concluded that capecitabine exposure was not
negatively influenced by esomeprazole co-treatment and
that altered capecitabine pharmacokinetics did not explain
the worse outcome for patients using PPIs concomitantly.44

Future studies are thus warranted as series are accu-
mulating on these possible interactions.45
PPIS AND TKIS

TKIs are oral drugs and currently a major weapon in the
anticancer arsenal. Many medical oncologists are currently
aware of possible drugedrug interactions between PPIs and
TKIs, but PPIs may be prescribed by the primary care
physician, or purchased over the counter, resulting some-
times in ‘unknown’ drugedrug interactions that can lead to
a decrease in efficacy.46,47 It is currently recognized that
with many TKIs there are pharmacokinetics/pharmacody-
namics relationships, with toxicities in cases of higher drug
exposure and inefficacy in cases of lower drug exposure.

Gefitinib and erlotinib showed reduced absorption in
cases of concomitant use of PPIs,48,49 resulting in a signifi-
cant decrease in efficacy in retrospective analyses.50,51 In a
large retrospective study of the concomitant use of TKIs and
PPIs, nearly one in four older adults with cancer who
received TKIs also received PPIs concomitantly, and this was
associated with an increased risk of death (þ21% for pa-
tients receiving erlotinib), a risk not associated with dis-
continued use of TKIs.52 In this study, no impact was
observed in case of co-prescription of PPIs with sunitinib or
imatinib, confirming previous results.53 In a large nation-
wide population-based survey (Taiwan) from 1 January
2010 to 30 December 2018, 4340 newly diagnosed patients
with advanced lung adenocarcinoma received gefitinib and
1635 received erlotinib. They compared the outcome of
those receiving PPIs or anti-H2 concurrently, or no anti-
secretory drug; approximately 1/6 received PPIs, and 1/5
anti-H2. The PPI group had the shortest mOS and time to
next treatment compared to the anti-H2 group and to non-
users. For example, mOS was, in the gefitinib cohort,
respectively, 14.35, 17.7 and 21.8 months for PPI, anti-H2
and non-users, and in the erlotinib cohort, 17.0, 20.1 and
23.9 months. The adjusted HR of OS for the PPI group was
1.58 in the gefitinib group and 1.54 in the erlotinib group.54

With first-line sunitinib, in real-world studies, results on the
use of PPIs are conflicting.53,55

The effects of esomeprazole on the pharmacokinetics of
pazopanib were studied in 13 patients, and the mean area
4 https://doi.org/10.1016/j.esmoop.2023.100880
under the curve (AUC) and Cmax decreased by 40% and 42%,
respectively, leading the authors to conclude that such
concomitant use should be avoided.56 Subtherapeutic
exposure was clear even if PPIs were given separately, 1 h
after pazopanib.57 In patients over the age of 75 years, a
pharmacokinetic study demonstrated decreased oral
bioavailability of pazopanib if given with PPIs, confirming that
such patients may be underexposed.58 Clinically, in a retro-
spective analysis of two prospective trials of pazopanib in
soft-tissue sarcoma patients, of 333 patients receiving pazo-
panib, 59 received gastric antisecretory drugs (PPIs or anti-
H2) concomitantly. PFS and OS were shorter in pazopanib
patients receiving gastric antisecretory drugs (2.8 versus 4.6
months and 8.0 versus 12.6 months, respectively); these ef-
fects of PPIs on survival were not observed in the placebo
group of patients.59 In shorter series of patients with meta-
static renal cell carcinoma (RCC) treated with pazopanib, no
impact of PPIs or anti-H2 use on survival parameters was
demonstrated.60,61 In a recent retrospective study (147 pa-
tients), combining PPIs with pazopanib has a negative impact
on OS, in soft-tissue sarcoma and renal cell cancer patients.62

Clinical pharmacology studies consider that exposure to
lenvatinib, vandetanib, cabozantinib, alectinib, osimertinib
and regorafenib is not significantly modified by PPIs.47,63,64

In a large series of 272 patients treated by regorafenib, 131
used PPIs. In multivariate analysis, no worse outcome was
seen among these patients combining regorafenib and
PPIs.65 A nationwide cohort study in hepatocellular carci-
noma patients from Taiwan showed that patients who took
sorafenib, regorafenib, lenvatinib or cabozantinib and were
PPI users (n ¼ 2196) had poorer OS than those who were
not PPI users (n ¼ 8013); these results were confirmed in a
multiparametric analysis.66 Similar results were found in a
UK center in sorafenib-treated patients.67 However, we
know that PPI use increases the risk of severe complication
for patients with cirrhosis, independently of the presence of
liver cancer.68 In a secondary analysis of a phase III study in
hepatocellular carcinoma patients comparing sorafenib with
sunitinib (542 patients receiving sorafenib, 122 also
receiving PPIs at baseline), in univariate and adjusted ana-
lyses, no significant association between PPI use and either
OS or PFS was identified.69

We currently know that PPIs have a clear impact on the
bioavailability of certain TKIs (bosutinib, dasatinib, erlotinib,
gefitinib, lorlatinib, pazopanib) with a possible impact on
outcomes for erlotinib, gefitinib, pazopanib and sunitinib;
their concomitant use must be avoided, at least with
bosutinib, dasatinib, erlotinib, gefitinib, nilotinib and pazo-
panib (Figure 1).70
PPIS AND OTHER ORALLY GIVEN ANTICANCER
TREATMENTS

No known interaction was demonstrated between PPIs and
mechanistic target of rapamycin inhibitors, phosphoinosi-
tide 3-kinase inhibitors or poly (ADP-ribose) polymerase
inhibitors;71 data regarding BRAF/MEK inhibitors and laro-
trectinib were scarce but seemed negative.47
Volume 8 - Issue 1 - 2023
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The solubility of the CDK 4/6 inhibitor, palbociclib, a weak
base, is reduced at a pH >4 and co-administration with PPIs
decreased both the AUC and Cmax.72 In a retrospective
observational study in metastatic breast cancer patients
treated with palbociclib, the concomitant use of PPIs may
have had a detrimental effect on PFS. This study compared
56 candidates for first-line treatment with palbociclib with
and 56 without concomitant use of PPIs.73 Patients taking
PPIs had a shorter PFS (14.0 versus 37.9 months), and that
was confirmed in a multivariate analysis.73 On the contrary,
gastric pH did not influence the pharmacokinetics of ribo-
ciclib.74 But a retrospective analysis conducted in Turkey on
217 patients, receiving, in addition to fulvestrant or letro-
zole, palbociclib (105 patients) and ribociclib (112 patients),
showed that patients receiving PPIs concomitantly (>50%
of the population) had a shorter PFS than non-users; this
was confirmed for both drugs in a multivariate analysis,
showing that PPI use was the only parameter associated
with PFS.75

No pharmacokinetic interaction between PPIs and es-
trogen receptor inhibitors has been described; enzaluta-
mide, an androgen receptor inhibitor, can decrease the PPIs’
plasma levels.76

PPIS AND IMMUNOTHERAPY

Taking into account, on the one hand, the possible in-
teractions between the microbiome and PPIs, and between
the microbiome and the efficacy of immunotherapies and,
on the other hand, the number of cancer patients taking
PPIs on a regular basis, it is obvious that one can expect a
negative impact of PPI use on treatment.5

Numerous studies have thus addressed the problem of
the efficacy of ICIs in PPI users and many meta-analyses
have been published on this burning topic.

From a meta-analysis of seven studies (3647 cancer pa-
tients), the authors concluded that PPI use had a detri-
mental effect on the efficacy of ICIs: PPI use increased the
risk of death by 39% and the risk of progression by 28%.77

The most recent (February 2022) systematic review and
meta-analysis of a correlation between PPI use and the
clinical efficacy of ICIs in cancers, collected 17 studies,
enrolling 9978 patients treated with ICIs. The authors
concluded that PPI use was significantly correlated with
worse OS (HR 1.29; 95% CI 1.10-1.50) but without any clear
significant impact on PFS (HR 1.19; 95% CI 0.98-1.44). This
negative correlation of PPI use with ICI efficacy was clear in
patients with non-small-cell lung cancer (NSCLC), patients
with urothelial cancers and cohorts with mixed cancers, but
not in PFS analysis in patients with melanoma.78

In a cohort of 112 melanoma patients treated with anti-
PD-1, significant differences were observed in the
microbiomes of responders versus non-responders.79 In a
retrospective analysis from CheckMate 069, the objective
response rate (and PFS) after immunotherapy (ipilimumab
alone or combined with nivolumab, or nivolumab alone)
in patients receiving PPIs was lower than in non-users.80 In
contrast, a post hoc analysis of three randomized studies in
Volume 8 - Issue 1 - 2023
first-line testing of ICIs (CheckMate 066, CheckMate 067
and CheckMate 069) in a total of 1505 patients, including
291 PPI users (19.3%), has recently been published. PPI
users were either older or baseline PS1 or higher than non-
users. Results from this analysis did not support the idea
of a meaningful association between PPI use at baseline
and the efficacy of ICIs in advanced melanoma.81

In previously treated NSCLC, retrospective analysis using
pooled data from the POPLAR and OAK trials (one phase II
and one phase III trial) comparing atezolizumab (n ¼ 757)
with docetaxel (n ¼ 755) showed that PPI use was associ-
ated with shorter OS and PFS in the atezolizumab popula-
tion and not in the docetaxel population.82 The most recent
(2022) pooled analysis of all five trials testing atezolizumab
in NSCLC (IMpower130, IMpower131, IMpower150, OAK
and POPLAR) gave similar results. Of the 4458 patients
included, 2723 were randomized to treatment with, and
1735 without, atezolizumab; 1225 were using PPIs at
treatment initiation (28% and 27%, respectively, in the
arms with or without atezolizumab).83 PPI use was associ-
ated with worse OS in univariate (HR 1.30; 95% CI 1.17-
1.46; P < 0.001) and adjusted (HR 1.23; 95% CI 1.09-1.37;
P < 0.001) analysis, and with worse PFS in univariate (HR
1.18; 95% CI 1.07-1.29; P < 0.001) and adjusted (HR 1.15;
95% CI 1.03-1.28; P ¼ 0.01) analysis. In the comparator arm
(therapies without atezolizumab), no association between
PPI use and OS (HR 1.01; 95% CI 0.88-1.16) or PFS (HR 0.95;
95% CI 0.81-1.12) was observed. This effect was consistent
across RCTs. PPI use was associated with 9%, 18% and 9%
lower pretreatment counts of, respectively, lymphocytes,
CD19þ and CD16þCD56þ peripheral blood immune cells.
There was no difference in neutrophils, CD3þ, CD4þ or
CD8þ immune cells according to PPI use.83

Efficacy of first-line atezolizumab combinations in NSCLC
in patients receiving PPIs has been evaluated in a post hoc
analysis of IMpower150 (comparing atezolizumab plus
carboplatin plus paclitaxeldthe ACP regimendversus
bevacizumab plus carboplatin plus paclitaxeldthe BCP
regimendversus atezolizumab plus BCPdthe ABCP
regimen). Of the 1202 patients, 441 (36.7%) received PPIs
in a 60-day window. Adjustment variables included age, sex,
race, smoking status, Eastern Cooperative Oncology Group
PS, histological subtype, effector T-cell gene signature
score, programmed death-ligand 1 expression, epidermal
growth factor receptor mutation status and the presence of
liver metastases. PPI use was associated with a worse OS
among participants randomized to an atezolizumab-
containing arm in univariate (HR 1.55; 95% CI 1.23-1.94;
P < 0.001) and adjusted analysis (HR 1.53; 95% CI 1.21-
1.95; P < 0.001); similar results were obtained with PFS. In
contrast, in participants randomized to BCP (without ate-
zolizumab), there was no association between PPI use and
either OS or PFS. The observed OS treatment effect of the
atezolizumab arms (ACP plus ABCP) versus BCP was 1.03
(95% CI 0.77-1.36) for PPI users and 0.68 (95% CI 0.54-0.86)
for PPI non-users, showing that PPI use was associated with
the OS benefit of atezolizumab disappearing.84
https://doi.org/10.1016/j.esmoop.2023.100880 5
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In a Korean cohort study of 2963 NSCLC patients treated
with ICIs as second line, 936 were concomitant PPI users.
After propensity score matching (1 : 1 ratio), 1646 were
analyzed. The use of PPIs was associated with a higher risk
of mortality compared to non-use (HR 1.28; 95% CI 1.13-
1.46).85

An Italian series evaluated the prognostic impact of
concomitant treatments (ATB, PPIs or corticosteroids),
quantified by a drug score, in a large series of patients
receiving pembrolizumab or chemotherapy for NSCLC. This
drug score had a predictive value for response rate, OS and
PFS, essentially in the pembrolizumab cohort.86

A systematic review and meta-analysis of 14 studies,
including 13 709 patients, explored the relationship be-
tween PPI uptake and survival outcomes of patients with
advanced NSCLC receiving all kinds of antitumor therapy
(chemotherapy, TKI, immunotherapy).87 Subgroup analyses
showed that the use of PPIs was correlated with the OS or
PFS of all patients (HR for OS 1.35; 95% CI 1.21-1.51; HR for
PFS 1.50; 95% CI 1.25-1.80). In the subgroups of each type
of treatment, the HRs of OS in the PPI group compared to
PPI non-users were 1.47 (95% CI 1.20-1.80) for TKI users
(essentially erlotinib and gefitinib), 1.42 (95% CI 1.22-1.65)
for ICIs and 1.13 (95% CI 1.04-1.23) for chemotherapy. For
PFS, these figures were: 1.71 (95% CI 1.29-2.28) and 1.29
(95% CI 1.16-1.44), respectively, for TKI and ICIs. The au-
thors noted that publication bias and sensitivity analysis
confirmed that the results were robust.87

Individual participant data from two urothelial cancer
trials (IMvigor210 and 211) testing the efficacy of atezoli-
zumab were analyzed retrospectively with regard to the
concomitant use of PPIs (w30% of patients). In the pooled
group of patients receiving atezolizumab (n ¼ 847), PPI use
was a negative prognostic marker (for OS, PFS and ORR); in
the randomized trial, atezolizumab showed significant effi-
cacy on OS versus chemotherapy (HR 0.69; 95% CI 0.56-
0.84) for PPI non-users, and no OS benefit (HR 1.04; 95% CI
0.81-1.34) for PPI users; the same results were observed for
PFS and ORR.88 In a recent retrospective series of 227
consecutive Japanese patients with metastatic urothelial
cancer treated with pembrolizumab between April 2018
and April 2021, 86 (37.9%) received concomitant PPIs. PPI
use was associated with lower (but not significantly so)
ORR, worse OS, 9.5 versus 18.8 months (P < 0.0001), and
lower immune PFS (based on immune RECIST), 2.5 versus
4.1 months (P < 0.0001).89

In Bordeaux University Hospital, between May 2015 and
September 2017, 635 patients received ICIs for cancer. The
authors analyzed the influence of diverse co-medications
(including PPIs) on the antitumor effect and safety of
these ICIs. PPIs were prescribed in 38% of these patients;
the mOS of patients receiving PPIs was 9 months versus
26.5 months in those not receiving PPIs (HR 1.70; 95% CI
1.40-2.08). Co-medication with PPIs was also associated
with decreased incidence of immune-related adverse
events.90

Another survey conducted in a single French center
analyzed all consecutive patients with NSCLC, melanoma,
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RCC and urothelial cancer who received, between January
2018 and December 2019, at least one injection of nivolu-
mab or pembrolizumab.91 Out of this cohort of 212 eligible
patients, 58 (27.2%) received ATB and 74 (34.7%) PPIs. The
authors built four groups: ATB�/PPI� (n ¼ 107), ATBþ/
PPI� (n ¼ 31), ATB�/PPIþ (n ¼ 47) and ATBþ/PPIþ (n ¼
27). ATB�/PPI� patients were significantly more frequently
PS 0-1 and treated in first line than the others. But patients
taking either ATB or PPIs, or both, had a lower probability of
an objective response. The same conclusions can be drawn
regarding PFS and OS: patients from the ATB�/PPI� group
had significantly better figures than those from the other
groups, and particularly from the ATBþ/PPIþ group. After
weighting on the propensity score, the use of ATB alone,
PPIs alone or the combination were significant risk factors
for death.

LIMITATIONS

All these data showing negative interactions between some
major anticancer drugs and PPIs came from retrospective
analysis and therefore may be discussed. Nevertheless
some have been carried out on individual data coming from
prospective phase III trials, and interaction was demon-
strated in only one arm and confirmed by multiparametric
analysis. We do not have randomized phase III trials
studying the impact of PPIs and from an ethical point of
view, such study will be questionable. But evidences are
accumulating and it is time to rethink the use of PPIs as
symptomatic treatment in treated cancer patients.

CONCLUSIONS

While some of the negative impact seen might be related to
unknown confounding factors (PS, symptoms, etc.), we now
have a large corpus of prospective and retrospective data to
sound the alarm about concomitant use of PPIs and cancer
treatments. Interactions are possible with some systemic
chemotherapy drugs (5-FU or capecitabine, methotrexate,
pemetrexed), but are more than likely with many TKIs and
ICIs, and this is a major issue in daily practice for all medical
oncologists. It sounds logical to propose a moratorium on
using PPIs in cancer patients under treatment: the risk of
interaction is high, and the benefit of PPIs is mild in
symptomatic treatment in cancer patients. Even if some
articles found no clinical interactions, particularly with ICIs,
the precautionary principle must be applied until there is
demonstration of the absence of clinical interaction.92-94

Ideally, prescriptions of PPIs should be avoided for heart-
burn or epigastralgia.95 Some tricks, such as drinking acidic
beverages (cola) with erlotinib, could be proposed, but the
best way is certainly to replace PPIs, long-lasting drugs, with
other therapeutic means.96 If the use of potent acid-
suppressive drugs is necessary, H2 antagonists (such as ra-
nitidine) can be used and given 2 h after TKIs, as well as
antacids (2 h before or after the anticancer drug).24 In pa-
tients treated with ICIs, the interaction is due to the alter-
ation of the gut microbiome, and we can suppose that the
negative effect may also be observed after long-term use of
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H2 antagonists. In such cases, antacids are the best option,
although on-demand use of PPIs or H2 antagonists may be
proposed.

Harnessing the microbiome to restore the immuno-
therapy response may be reached in the near future.97 The
gut microbiome can easily be modified and modulated
(ATB, probiotics, prebiotics, dietary modulations, fecal
microbiota transplantation) and may play a major role in
next-generation personalized medicine.28
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