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Abstract
Purpose: To evaluate the association between the uses of Proton Pump Inhibitors (PPIs) and the
risk of Breast Cancer (BC) before patients having a BC diagnose and explore the prognosis of using
PPIs after patients diagnosed with BC.
Methods: Candidate publications were identified in the online databases up to February 20th,
2020. Literature selection and data extraction were carried out according to preset criterion by two
independent reviewers. Using the pooled Odds Ratios (ORs) and their 95% Confidence Intervals
(CIs) to calculate the relationship between PPIs use and BC risk with a random-effect model in Stata
14.0. The dose-response relationship between the two was further explored. While the prognosis of
BC patients using PPIs was described qualitatively.
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Results: Six studies met in our inclusion criteria including 172,063 participants in which 70,070
were BC patients. The overall result of one cohort study and two case-control studies suggested
an inverse correlation between PPIs use and BC risk. The pooled OR was 0.70 (95% CI: 0.500.97) with high heterogeneity (I2= 95.1%, P=0.000). Dose-response analysis did not find a doseresponse relationship. Two retrospective cohort studies showed survival benefit from using PPIs
in BC patients was not significant. While one Randomized Controlled Trial (RCT) revealed that
intermittent high-dose of PPIs use could improve the survival benefit of Metastatic Breast Cancer
(MBC) patients.
Conclusion: Our findings suggested that women ever used PPIs had a decreased risk of BC but the
dose-response relationship could not be found. While the prognosis of BC patients using PPIs still
remained controversial.
Keywords: Proton Pump Inhibitors; PPIs; Breast Cancer; Meta-analysis

Introduction
According to global monitoring, 18.1 million new cancer cases were diagnosed and 9.6 million
people died from cancers in 2018 [1]. Cancer is the leading cause of death worldwide at present
[2]. Breast Cancer (BC) is not only the most common primary malignancy [3] but also the second
leading cause of death after lung cancer among women in America [4]. Though early detection and
treatment were improved [5], 12.4% of women will still suffer from invasive BC during their lifetime
[6].
High rate of glycolysis, one characteristic of cancer cells, made cancer cells produce excess
protons [7]. Vacuolar H+ ATPases (V-ATPases), a family of ATP-dependent proton pumps, are
essentially complex multi-subunit proteins existing in cytoplasm, which facilitated the transport of
protons and further acidified the tumor internal environment [8,9]. There was a bulk of evidence
declared that V-ATPases have been shown to promote the drug resistance and metastasis of cancers
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including BC [10-12]. Moreover, V-ATPases specific inhibitors
played an anticancer role by inhibiting the function of V-ATPases,
which were reported in cells-based and animal-based models [13-17].

collaboration’s tool for assessing risk of bias. Using “low risk of bias”,
“unclear risk of bias” and “high risk of bias” to estimate each of item
in six domain-based evaluation [45].

Proton Pump Inhibitors (PPIs), a class of V-ATPases inhibitors,
are one of the most commonly used drugs worldwide due to their
unparalleled safety and well tolerated [18-20]. They are generally
used to treat gastrointestinal diseases related to gastric acid [21,22]
and as a complementary therapy for cancer [23]. While more and
more studies indicate that PPIs had a series of side effects including
hypomagnesemia, osteoporosis, intestinal infection, pneumonia, and
Vitamin B12 deficiency [24-28]. Additionally, PPIs were reported to
be closely associated with the development of a various types of cancer
such as gastric, liver and pancreatic cancers [29-31]. Also, increasing
number of population studies focus on the potential effect of PPIs
acting on BC, this paper aims to explore the association between the
use of PPIs with the risk and the prognosis of BC.

Statistical analyses
We performed a quantitative synthesis analysis of the impact of
PPIs use on BC before BC diagnosis. Meta-analysis of the relationship
between BC risk and PPIs use was performed in Stata 14.0 software. The
Cochran Q test and I2 statistics were used to estimate heterogeneity.
Considering the heterogeneity between the included studies, the
pooled Odds Ratios (ORs) and their 95% Confidence Intervals
(CIs) were used to calculate the total effect value with a randomeffects model on the way of DerSimonian and Laird [33]. Sensitivity
analysis was performed to evaluate the stability of included studies.
Pre-determined subgroup analysis could not be performed due to
the limits on the number of included studies. It could not separate
chance from real asymmetry when articles included in meta-analysis
were less than ten [34,35]. Likewise, we did not conduct the test of
publication bias. Besides, using the method of restricted cubic splines
with four knots of the distribution, dose-response analysis between
the relations of PPIs intake and risk of BC was performed in Stata14.0
(StataCorp LP, College Station, Texas) according to Greenland and
Longnecker (GL) [36]. The prognosis of BC patients using PPIs were
described qualitatively, as it could not be analyzed quantitatively due
to different prognostic factors were used in the included studies.

Material and Methods
Search strategy
Publications were searched from PubMed, Web of Science,
Cochrane Library, Wiley Online Library, Science Direct, CNKI
(Chinese National Knowledge Infrastructure), CBM (Chinese
Biomedical Database), VIP (Chinese) and WANFANG (Chinese)
database published before February 20th, 2020. The literature retrieval
were conducted without language and time limits: ((“proton pump
inhibitor” OR “omeprazole” OR “lansoprazole” OR “pantoprazole”
OR “rabeprazole” OR “esomeprazole”) AND (“breast neoplasms” OR
“breast cancer” OR “mammary cancers” OR “malignant neoplasm of
breast” OR “breast malignant neoplasms” OR “malignant tumor of
breast” OR “cancer of the breast” OR “human mammary carcinoma”
OR “human mammary neoplasms” OR “breast carcinomas”)).
Besides, the highly corresponding relevant studies were retrieved
from the reference lists to identify additional eligible studies.

Results
Study selection
A total of 5,117 publications were identified initially. After
excluding 474 duplicate articles and 4,555 irrelevant studies by
filtering title and abstract, the full texts of 88 articles were reviewed
ultimately. Among these potentially relevant studies, only 6 studies
were compliant with our inclusion criteria [23,37-41]. Among
them, three studies were related to PPIs use and BC risk, and three
were associated with the prognosis of BC patients using PPIs. The
remaining 82 candidates were excluded for the following reasons: 41
articles were not consistent with the research topic, 18 articles were
unrelated to either BC or the PPIs use, 11 articles were studies on
mechanism or animal experiments, 10 articles were reviews or metaanalysis, one was case report, one could not find full text. We retrieved
the highly corresponding literature from the reference lists but no one
was accepted. The specific screening process was shown in Figure 1.

Selection criteria
Our inclusion criteria were as follows: (a) PPIs used before
or after BC diagnosis and PPIs could be one of “omeprazole”,
“lansoprazole”, “pantoprazole”, “rabeprazole”, “esomeprazole” or any
combination of them; (b) the evidence of PPIs use were reliable and
explicit; (c) studies evaluated the association between PPIs use and the
BC risk; (d) studies conferred prognostic outcome indicators of PPIs
use in BC patients such as mortality rates, overall survival, disease free
survival and so on. Literature meeting any of the following criteria
was excluded: (a) non-clinical nature studies or animals experiments;
(b) duplicated study; (c) unclear outcome indicators and evaluation;
(d) non-original studies such as reviews, meta-analysis, letters, case
report, editorials and commentaries.

Study characteristics and quality assessments
A total of six studies on the role of PPIs use before and after
BC diagnosis were included, of which five were observational
studies and one was RCT. Three observational studies [37-39]
described the relationship between the use of PPIs and the risk of
BC, however their conclusions were controversial. One case-control
study [37], conducted stratified analyses by assessing the impact of
high use of PPIs, cumulative dose and cumulative duration of PPIs
use on the hypothetical associations, found no evidence to support
a chemopreventive effect of PPIs use on breast cancer, with the
adjusted OR of 1.03 (95% CI: 0.92-1.16). However, 365-730 Defined
Daily Doses (DDDs) of cumulative dose were found to be associated
with an increased BC risk. The other two studies [38,39], including
one cohort study and one case-control study, suggested PPIs use had
a negative association with BC. The cohort study [38] demonstrated
that the use of PPIs reduced the risk of BC in cohort of peptic ulcer
women, with an adjusted Hazard Ratio (HR) of 0.32 (95% CI:

Data extraction
Data extraction was carried out by two reviewers independently
according to a standardized data extraction form: The first author,
publication years, country, study design, total sample size and some
characteristics of participants. Disagreements arising in the progress
were resolved through discussion.
Quality assessment
Methodological quality of the observational studies was evaluated
based on the Newcastle–Ottawa Scale (NOS). We regarded studies
with a score of 7 and above as high quality studies [32] Randomized
Controlled Trial (RCT) was evaluated according to the Cochrane
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Table 1: Characteristics of included studies on PPI use and breast cancer.
First author,
Year

Tvingsholm,
2018

Country

Danish

Study design

Total size
(T/C)

PPIs use
(T/C)

Event
(T/C)

Mean/
median
age
(years)

Cohort

809/12500

809/0

279/2230

67

Case-control

1739/17390

531/5201

1739/0

62

Chao-Hung,
2018

Taiwan
Case-control 64234/64234 5179/6692 64234/0
of China

51

Dah-Ching,
2019

Taiwan
of China

44

Hálfdánarson,
Iceland
2018

Cohort

4838/4838

4838/0

25/82

Age
rang
(years)

Adjustment for covariates

Adjusted for gender, age at
diagnosis, year at diagnosis,
≥ 30
highest achieved education
and disposable income,
various ills and drugs
Adjusted for age, sex,
≥ 18
calendar time, and NSAID use
Adjusted age, income
,geographic location,
≥ 18
urbanization level,
comorbidities ,index year
Adjusted for age, pregnancy,
20~64
and all comorbidities and
medications

Description

Quality

Risk of mortality in
breast cancer patients
using PPIs

High

Using PPIs and risk of
breast cancer

High

Using PPIs and risk of
breast cancer

High

Using PPIs and risk of
Moderate
breast cancer

Survival benefits of
metastatic breast
Unclear
Bi-Yun, 2015 China
RCT
Total: 94
Total: 62 Total: 94
52
31~67
/
cancer patients using risk of bias
PPIs
Survival benefits of
Retrospective
Total:
Adjusted for chemotherapy
Josiah, 2018 America
Total: 1387 Total: 419
58
/
breast cancer patients
/
cohort
1387
and hormone therapy
using PPIs
Abbreviations: PPIs: Proton Pump Inhibitors; T: Trial, C: Control; NOS: Newcastle-Ottawa Scale; RCT: Randomized Controlled Trial

0.20‐0.49). Evidence from age stratification analysis in this cohort
study [38] indicated that this benefit increased with age, especially
among older PPIs users aged 50 to 65 years old, with an adjusted
Hazard Ratio (HR) of 0.17 (95% CI: 0.07- 0.41). The case-control
study [39], with an adjusted OR of 0.75 (95% CI: 0.72-0.78), found
a dose-response effect, showing the highest dose group (116 DDDs)
decreased the BC risk most (HR: 0.65, 95% CI: 0.61-0.70), and age
stratified risk associations found a potential protective effect of PPIs
use on women aged <50 and ≥ 50 years old and the strength of the
connection did not differ considerably.

Results of the meta-analysis
A meta-analysis of three studies [37-39] reporting inconsistent
conclusions on the relationship between PPIs use and BC risk was
conducted. A dose-response analysis of two included studies [37,39]
was also performed. Our finding revealed the use of PPIs reduced the
risk of BC. The pooled adjusted OR was 0.70 (95% CI: 0.50-0.97) and
the Cochran Q value of heterogeneity was 40.91 (I2=95.1%, P=0.000).
While the dose-response analysis did not find a dose-dependent
correlation between the two. Two studies [38,39] showed that the
protective efficacy of PPIs was pronounced in patients older than
50 years old. Their adjusted ORs were 0.17 (95% CI: 0.07-0.41) and
0.74 (95% CI: 0.70-0.77), respectively. But the pooled adjusted OR
was 0.38 (95% CI: 0.09-1.59) with no statistical significance. A forest
plot of relationship between PPIs use and the risk of BC was shown in
Figure 2. Result of the dose-dependence between the two was shown
in Figure 3.

The remaining two retrospective cohort studies focused on the
survival outcomes of BC patients taking PPIs. One [23] illustrated an
association between BC patients using PPIs and increased mortality,
with the adjusted HR of 1.30 (95% CI: 1.18-1.43). That was to say
the use of PPIs in BC patients did not bring survival benefits, but
increased the risk of mortality, which was regard as a manifestation
of poor prognosis. The other [40,41] reported clearly that the use of
omeprazole in BC confer no survival benefits in Disease-Free Survival
(DFS) or Overall Survival (OS). However, a RCT [40] using the
endpoints of Time to Progression (TTP) and OS showed a survival
benefits of PPIs use in MBC patients. In which 94 Metastatic Breast
Cancer (MBC) patients were randomly divided into three groups
for docetaxel add cisplatin chemotherapy while PPIs were used as
adjuvant therapy. The results indicated that only the intermittent
high-dose PPIs can enhance the anti-tumor effects of chemotherapy.

Sensitivity analyses
We found one study [39] had the greatest influence on stability via
sensitivity analysis. After omitting this literature, the result illustrated
no association between the use of PPIs and the risk of breast cancer.
The pooled OR was 0.59 (95% CI: 0.19, 1.84). Actually, the results
would be reversed from PPIs use had a protective effect on BC to PPIs
use had no association with BC after omitting any one of the other
two studies [37,38].

Discussion

The quality of the included observational studies was assessed
based on the Newcastle–Ottawa Scale (NOS). In five observational
studies, result of three studies [23,37,39] with scores greater than
six points were considered of higher quality. Quality assessment
score of one study [38] was six regarding as moderate quality.
Another retrospective cohort study [41] was only an abstract which
could not perform quality assessment. According to the Cochrane
collaboration’s tool for assessing risk of bias, we found that the RCT
[40] did not describe the random sequence generation in detail, and
did not illustrate the implementation details of the blind method.
Thus, quality assessment of the RCT showed an unclear risk of bias.
The main characteristics of included studies and quality evaluation
were showed in Table 1.
Remedy Publications LLC., | http://surgeryresearchjournal.com

This systematical review and meta-analysis was aim to investigate
the association between use of PPIs and the risk of breast cancer
and explore the impact on prognosis of using PPIs after patients
diagnosed with BC. Through quantitative synthetic analysis, our
finding revealed the use of PPIs reduced the risk of BC. While in the
qualitative analysis of the prognosis of BC patients using PPIs, the
survival benefits of using PPIs in BC patients are still controversial.
The result of meta-analysis showed that the use of PPIs could
reduce the risk of BC, which was consistent with the conclusion that
PPIs exhibited antitumorigenic effects in many cancer types. The
antitumor effects of PPIs had been widely reported in cell-based and
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Records identified through database research
Wiley Online Library (n=1961), ScienceDirect (n=2665),
Cochrane Library (n=32), CNKI (n=42), CBM (n=40),
Pubmed (n=76), Web of Science (n=222),
WANFANG(n=73), VIP(n=6)

Records excluded
Records after duplicates removed
According to title and abstract
(n=4643)

(n=4555)

Full-text articles excluded
Did not fulfill the inclusion criteria

Full-text articles assessed for eligibility

(n=41), unrelated to either breast cancer
(n=88)

or the PPIs use (n=18), mechanism
research or animal experiments (n=11),
reviews (n=10), Case report (n=1), full
text not found (n=1)

Studies included in quantitative synthesis
and qualitative description
(n=6)
Figure 1: Study selection flow diagram.

%

Study
ID

OR (95% CI)

Weight

Hálfdánarson, 2018

1.03 (0.92, 1.16)

37.77

Dah-Ching, 2019

0.32 (0.20, 0.49)

22.81

Chao-Hung, 2018

0.75 (0.72, 0.78)

39.42

Overall (I-squared = 95.1%, p = 0.000)

0.70 (0.50, 0.97)

100.00

NOTE: Weights are from random effects analysis
.2

1

5

Figure 2: A forest plot of the relationship between PPIs use and the risk of breast cancer.

animal-based models [37]. It had been shown to have anti-tumor
activity both in vitro and in vivo [39]. The accumulation of the PPIs
in body may be the reason. As prodrugs, PPIs will be converted to
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active form and accumulate in acidic environments, inhibiting
acid secretion, reducing V-ATPases activity and playing a role of
anticancer through protonation [18,19, 42]. Theoretically, the anti-
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Figure 3: Result of the dose-dependence between the PPIs use and breast cancer risk.

tumor effects of PPIs should be related to the using dose. In fact,
previous studies showed that the inhibitory effects of PPIs on BC
have a dose-response relationship [15], and it was also reflected in the
population studies we included [39]. Nevertheless, our dose-response
meta-analysis did not reveal the dose-response relationship between
PPIs and BC for limited studies.

these two studies found a non-significant protective result. Due to
limited number of studies, this protective effect needs to be confirmed
by further studies.
There were some deficiencies in our research. Firstly, the number
of identified studies was limited and the stability of the results
was not well. Secondly, samples of the two studies [38,39] existed
crossover accounting for they all came from the National Health
Insurance Research Dataset (NHIRD). Moreover, accompanying
by different type of BC and other drugs interference more or less,
large heterogeneity situated between the researches. Although each
study had adjusted for corresponding confounders, the stability of the
results may still be affected.

Researches on the role of PPIs in the treatment of BC were
limited. We evaluated the potential impacts of PPIs on BC patients
by analyzing their prognosis qualitatively. No survival benefit
associated with BC patients using PPIs were found, based on the two
included retrospective cohort studies [23,41], whereas antitumor
effects of intermittent high-dose PPIs were found in a RCT [40].
The most significant difference between the three studies was the
combination of PPIs and chemotherapeutic drugs in RCT, while the
other two studies only looked at the effect of PPI on BC patients. It
is well known that the prominent characteristic of tumor cells was
cellular resistance and limited drug distribution by creating an acidic
environment [18]. PPIs were reported to improve the efficacy and
distribution of drugs by raising cellular PH and remitting the acidic
environment of tumor cells [18]. Furthermore, some studies showed
that the treatment with PPIs may enhance chemical sensitivity
and cytotoxicity of tumor cells to chemotherapeutic drugs [43,44].
Consequently, the RCT [40] showed that PPIs could enhance the
anti-tumor effect of MBC patients probably because it could promote
the role of chemotherapeutic drugs of tumor cells and thus exerted
a stronger anti-tumor effect. Moreover, PPIs were not specific antitumor drugs and due to the complexity of co-morbidity and diversity
of medication exposures for BC, the overall efficacy of PPIs in BC
patients might be affected by the interaction. This might explain why
no survival benefit was found when considering only the effect of
PPIs on prognosis of BC patients.

In conclusion, women who ever used PPIs are likely at a lower
risk of BC, without being on a dose-dependent manner. In addition,
the prognosis of BC patients using PPIs still remained controversial.
It seemed that the combination of PPIs and chemotherapy drugs had
a significant anticancer effect. More well-designed studies are needed
to elucidate the effect of PPIs on risk and prognosis of BC.

References
1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A, et al.
Global cancer statistics 2018: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2018;68(6):394-424.
2. Jung K-W, Won Y-J, Kong H-J, Lee E-S. Cancer Statistics in Korea:
Incidence, Mortality, Survival, and Prevalence in 2016. Cancer Res Treat.
2019;51(2):417-30.
3. Afifi AM, Saad AM, Al-Husseini MJ, Elmehrath AO, Northfelt DW, Sonbol
MB. Causes of death after breast cancer diagnosis: A US population‐based
analysis. Cancer. 2020;126(7):1559-67.
4. Johnston MG, Urquhart R, Lethbridge L, MacIntyre M. Increasing our
understanding of dying of breast cancer: Comorbidities and care. Prog
Palliat Care. 2016;24(3):147-52.

Pre-set subgroups analyses were not statistical significance and
publication bias were not tested as a result of the limited number
of included studies. Interestingly, two studies [38,39] found that
statistically significant protective effects of PPIs on BC for patients
whose age is 50 years old and above. However, the pooled result of

Remedy Publications LLC., | http://surgeryresearchjournal.com

5. Boone SD, Baumgartner KB, Baumgartner RN, Connor AE, John EM,
Giuliano AR, et al. Active and passive cigarette smoking and mortality
among Hispanic and non-Hispanic white women diagnosed with invasive

5

2021 | Volume 4 | Article 1327

Lei Yue, et al.,

World Journal of Surgery and Surgical Research - General Surgery

breast cancer. Ann Epidemiol. 2015;25(11):824-31.

osteoporotic fractures with proton pump inhibitor use and histamine-2
receptor antagonist therapy in elderly women: A nationwide populationbased nested case-control study. Bone. 2020;135:115306.

6. Linshaw DJ, Floyd EG, Rosenkranz KM, Stah JE. Application of a mindbody tool in a rural population to improve post-operative outcomes in
women with breast cancer: A pilot study. Surg Onco. 2020;34:63-6.

26. Singh A, Cresci GA, Kirby DF. Proton pump inhibitors: risks and rewards
and emerging consequences to the gut microbiome. Nutr Clin Pract.
2018;33(5):614-24.

7. Tian KJ. High rate of glycolysis and cancer. J Cancer Sci Ther. 2018;10:1-3.
8. Ojemyr LN, Lee HJ, Gennis RB, Brzezinski P. Functional interactions
between membrane-bound transporters and membranes. Proc Natl Acad
Sci U S A. 2010;107(36):15763-7.

27. Wongtrakul W, Charoenngnam N, Ungprasert P. Use of proton pump
inhibitors is associated with a higher risk of pneumonia in cirrhotic
patients: A systematic review and meta-analysis. Ann Gastroenterol.
2020;33(3):277-84.

9. Forgac M. Vacuolar ATPases: Rotary proton pumps in physiology and
pathophysiology. Nat Rev Mol Cell Biol. 2007;8(11):917-29.

28. Miller WJ. Proton pump inhibitors, H2-receptor antagonists, metformin,
and vitamin B-12 deficiency: Clinical implications. Adv Nutr.
2018;9(4):511S-8S.

10. Uhlman A, Folkers K, Liston J, Pancholi H, Hinton A. Effects of vacuolar
H+ -ATPase inhibition on activation of Cathepsin B and Cathepsin L
secreted from MDA-MB231 breast cancer cells. Cancer Microenviron.
2017;10(1-3):49-56.

29. Ahn JS, Eom C-S, Jeon CY, Park SM. Acid suppressive drugs and gastric
cancer: A meta-analysis of observational studies. World J Gastroenterol.
2013;19(16):2560-8.

11. Schwarzenberg KV, Lajtos T, Simon L, Müller R, Vereb G, Vollmar AM.
V-ATPase inhibition overcomes trastuzumab resistance in breast cancer.
Mol Oncol. 2014;8(1):9-19.

30. Shao YHJ, Chan TS, Tsai K, Wu SY. Association between proton pump
inhibitors and the risk of hepatocellular carcinoma. Aliment Pharmacol
Ther. 2018;48(4):460-8.

12. Feng SM, Zhu GC, McConnell M, Deng L, Zhao Q, Wu M, et al. Silencing
of atp6v1c1 prevents breast cancer growth and bone metastasis. Int J Biol
Sci. 2013;9(8):853-62.

31. Alkhushaym N, Almutairi AR, Althagafi A, Fallatah SB, Oh M, Martin JR.
Exposure to proton pump inhibitors and risk of pancreatic cancer: A metaanalysis. Expert Opin Drug Saf. 2020;19(3):327-34.

13. Sennoune SR, Bakunts K, Martinez GM, Chua-Tuan JL, Kebir Y, Attaya
MN, et al. Vacuolar H+ -ATPase in human breast cancer cells with distinct
metastatic potential: Distribution and functional activity. Am J Physiol
Cell Physiol. 2004;286(6):C1443-52.

32. Jiang K, Jiang X, Wen Y, Liao L, Liu F-B. Relationship between long-term
use of proton pump inhibitors and risk of gastric cancer: A systematic
analysis. J Gastroenterol Hepatol. 2019;34(11):1898-1905.

14. Hinton A, Sennoune SR, Bond S, Fang M, Reuveni M, Sahagian GG, et al.
Function of a subunit isoforms of the V-ATPase in pH homeostasis and
in vitro Invasion of MDA-MB231 human breast cancer cells. J Biol Chem.
2009;284(24):16400-8.

33. DerSimonian R, Laird N. Meta-analysis in clinical trials revisited. Contemp
clin trials. 2015;45(Pt A):139-45.
34. Sterne JA, Gavaghan D, Egger M. Publication and related bias in metaanalysis: Power of statistical tests and prevalence in the literature. J Clin
Epidemiol. 2000;53(11):1119-29.

15. Ihraiz WG, Mamoun A, Bardaweel SK. Proton pump inhibitors enhance
chemosensitivity, promote apoptosis, and suppress migration of breast
cancer cells. Acta pharm. 2020;70(2):179-90.

35. Schwarzer G, Antes G, Schumacher M. Inflation of type I error rate in two
statistical tests for the detection of publication bias in meta-analyses with
binary outcomes. Stat Med. 2002;21(17):2465-77.

16. Graham RM, Thompson JW, Webster KA. Inhibition of the vacuolar
ATPase induces Bnip3-dependent death of cancer cells and a reduction in
tumor burden and metastasis. Oncotarget. 2014;5(5):1162-73.

36. Orsini N, Li R, Wolk A, Khudyakov P, Spiegelman D. Meta-analysis for
linear and nonlinear dose-response relations: Examples, an evaluation of
approximations, and software. Am J Epidemiol. 2012;175(1):66-73.

17. Chang T-E, Huang Y-S, Perng C-L, Huang Y-H, Hou M-C. Use of proton
pump inhibitors and the risk of hepatocellular carcinoma: A systematic
review and meta-analysis. J Chin Med Assoc. 2019;82(10):756-61.

37. Hálfdánarson ÓÖ, Fall K, Ogmundsdottir MH, Lund SH, Steingrímsson
E, Ogmundsdottir HM, et al. Proton pump inhibitor use and risk of
breast cancer, prostate cancer, and malignant melanoma: An Icelandic
population‐based case‐control study. Pharmacoepidemiol Drug Saf.
2019;28(4):471-8.

18. Yu M, Lee C, Wang M, Tannock IF. Influence of the proton pump inhibitor
lansoprazole on distribution and activity of doxorubicin in solid tumors.
Cancer Sci. 2015;106(10):1438-47.
19. Sabolic I, Brown D, Verbavatz JM, Kleinman J. H(+)-ATPases of renal
cortical and medullary endosomes are differentially sensitive to Sch-28080
and omeprazole. Am J Physiol. 1994;266(6 Pt 2):F868-77.

38. Ding D-C, Sung F-C, Chen W, Wang J-H, Lin S-Z. Proton pump inhibitors
reduce breast cancer risk in gastric ulcer patients: A population‐based
cohort study. Breast J. 2020;26(3):474-8.

20. Johnson DA, Oldfield EC. Reported side effects and complications of
long-term proton pump inhibitor use: Dissecting the evidence. Clin
Gastroenterol Hepatol. 2013;11(5):458-64.

39. Chen C-H, Lee C-Z, Lin Y-C, Kao L-T, Lin H-C. Negative association of
proton pump inhibitors with subsequent development of breast cancer: A
nationwide population‐based study. J Clin Pharmacol. 2019;59(3):350-5.

21. Lazarus B, Grams ME. Proton pump inhibitors in kidney disease. Clin J
Am Soc Nephrol. 2018;13:1458-9.
22. Lai SW. Alternative viewpoint of "risk of gynecomastia with users of
proton pump inhibitors". Pharmacotherapy. 2019;39(7):790.

40. Wang B-Y, Zhang J, Wang J-L, Sun S, Wang Z-H, Wang L-P, et al.
Intermittent high dose proton pump inhibitor enhances the antitumor
effects of chemotherapy in metastatic breast cancer. J Exp Clin Cancer Res.
2015;34(1):85.

23. Tvingsholm SA, Dehlendorff C, Osterlind K, Friis S, Jäättelä M. Proton
pump inhibitor use and cancer mortality. Int J Cancer. 2018;143(6):131526.

41. An J, Chennamadhavuni A, Mott SL, Garje R, Leone JP. Association of
breast cancer Disease Free Survival (DFS) with omeprazole use. J Clin
Onco. 2018;36(15):9.

24. Pasina L, Zanotta D, Puricelli S, Bonoldi G. Acute neurological symptoms
secondary to hypomagnesemia induced by proton pump inhibitors: A case
series. Eur J Clin Pharmacol. 2016;72(5):641-3.

42. Spugnini E, Fais S. Proton pump inhibition and cancer therapeutics: A
specific tumor targeting or it is a phenomenon secondary to a systemic
buffering? Semin Cancer Biol. 2017;43:111-8.

25. Park JH, Song YM, Jung JH, Han K. Comparative analysis of the risk of

43. Walsh M, Fais S, Spugnini EP, Harguindey S, Izneid TA, Scacco L, et al.

Remedy Publications LLC., | http://surgeryresearchjournal.com

6

2021 | Volume 4 | Article 1327

Lei Yue, et al.,

World Journal of Surgery and Surgical Research - General Surgery

Proton pump inhibitors for the treatment of cancer in companion animals.
J Exp Clin Cancer Res. 2015;34(1):93.

45. Higgins J, Green S. Cochrane handbook for systematic reviews of
interventions. Version 5.1.0. 2019.

44. Fais S. Evidence-based support for the use of proton pump inhibitors in
cancer therapy. J Transl Med. 2015;13:368.

Remedy Publications LLC., | http://surgeryresearchjournal.com

7

2021 | Volume 4 | Article 1327

