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Association Between Proton Pump
Inhibitor Use and Biliary Tract Cancer
Risk: A Swedish Population-Based Cohort

Study

Habiba Kamal

BACKGROUND AND AIMS: Biliary tract cancer is a
group of highly aggressive malignant disorders, yet risk factors
are poorly understood. In this study, we aim to assess whether
prolonged use of proton pump inhibitors (PPIs) increases
the risk of incident biliary tract carcinoma in a nation-wide
population-based cohort in Sweden.

APPROACH AND RESULTS: Using nation-wide reg-
istries, we identified all adults who received maintenance
PPIs (2180 days) according to the Swedish Prescribed Drug
Register from 2005 through 2012. Data on incident biliary
tract cancer were retrieved from the Swedish Cancer, Death
and Outpatient Registers. Risk of biliary tract cancer in per-
sons who received PPI treatment was compared with the
general population of the corresponding age, sex, and calendar
year yielding standardized incidence ratios (SIRs) with 95%
CIs. Of 738,881 PPI users (median follow-up of 5.3 years),
206 (0.03%) developed gallbladder cancer and 265 (0.04%) ex-
trahepatic and 131 (0.02%) intrahepatic bile duct cancer cor-
responding to SIRs of 1.58 (95% CI, 1.37-1.81), 1.77 (95%
CI, 1.56-2.00), and 1.88 (95% CI, 1.57-2.23), respectively. In
sensitivity analyses restricted to persons without a history of
gallstones or chronic liver or pancreatic diseases, SIRs were
1.36 (95% CI, 1.17-1.57) and 1.47 (95% CI, 1.19-1.80) for
extra- and intrahepatic duct cancer, respectively. The risk re-
mained higher than the corresponding general population with
>5 years of PPIs use, ruling out confounding by indication.

;Y2 Omid Sadr-Azodi,>* Lars Eng_)rstrand,s’6 and Nele Brusselaers®’

CONCLUSIONS: In this study, long-term use of PPIs was
associated with an increased risk of gallbladder, intrahepatic,
and extrahepatic bile duct cancer compared with the general
population. (HepaToLoGgy 2021;74:2021-2031).

iliary tract cancer is a heterogenous group of

aggressive malignant disorders constituting

~3% of all gastrointestinal malignancies.(1> In
2013, 180,000 incident cases were diagnosed world-
wide with substantial geographical variation.”) Biliary
tract cancer is mostly diagnosed in advanced stages,
with 5-year survival ranging from 2% to 24%, rep-
resenting 2% of global yearly cancer-related mortal-
ity.>* Whereas chronic viral hepatitis B and C, liver
flukes, gallstones, hepatolithiasis, and primary scleros-
ing cholangitis are among the definitive risk factors,
most of the biliary tract cancers occur in the absence
of liver diseases.®™” Therefore, an urgent need remains
to understand the risk factors for this highly aggres-
sive disease.

Proton pump inhibitors (PPIs) are mainstay, potent
acid-suppressive agents to treat gastric hyperacidity-
related disorders.® Clinical data suggested that long-
term use of PPI with subsequent hypergastrinemia

Abbreviations: DDD, defined daily dose; H2RA, histamine-2 receptor antagonist; 1QR, interquartile range; NSAIDs, nonsteroidal anti-
inflammatory drugs; PPL, proton pump inhibitor; SIR, standardized incidence ratio.
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may cause dysbiosis and profound perturbations of
the gut microbiome.®!%

A meta-analysis noted an increased risk of small
intestinal bacterial overgrowth with PPI use; the
association was particularly supported in studies
using accurate diagnostic tests of jejunal and duode-
nal aspirates.(ll) This imbalance might be associated
with increased risks of spontaneous bacterial peritoni-
tis, HE, and cryptogenic liver abscess as observed in

(12714 Recently, the association extended

some reports.
to increased risks of gastric and pancreatic malignan-
cies. (110 However, few studies examined the influ-
ence of chronic PPI use on biliary tract disorders. In
a nation-wide cohort study from South Korea, PPI
users during a 10-year follow-up were associated with
increased risk of cholangitis compared to nonus-
ers (adjusted HR, 5.75; 95% CI, 4.39-7.54).17)

Similarly, in a population-based case-control study
conducted in Taiwan, 23% elevated risk of acute cho-
lecystitis was found among PPI users compared to
nonusers.'® A retrospective cohort from Japan of 219
patients who underwent endoscopic sphincterotomy
noted a 2.2-fold risk of recurrent common bile duct
stones associated with PPT use.!? A recent hospital-
based case-control analysis from China noted a
1.56-fold increased risk of gallbladder cancer, and
the risk consistently increased with the duration of
PPI use.?” Conversely, in a prospective, randomized,
placebo-controlled trial of 17,598 persons followed
for a median of 3 years, pantoprazole use was not
associated with development of gastrointestinal can-
cers versus placebo.(m)

Analyzing the risk of biliary tract cancer among
long-term PPI users on a large scale is still open for
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study. We hypothesized that chronic use of PPI would
be associated with an increased risk of biliary tract
malignancies. We test this hypothesis in this nation-
wide register-based cohort including all adult PPI
users in Sweden.

Materials and Methods
DATA SOURCES

This cohort has been described in detail®? and in
short in Supporting Fig. S1. We used the Prescribed
Drug Register for data on PPI treatment, quantity,
dosage, and dispensing date. This register was estab-
lished in July 2005 and contains monthly updated
information on all prescribed and dispensed medica-
tions records from all Swedish pharmacies.”* Patient
identifying data are missing in <0.3% of all recorded
prescriptions.(23)

The Swedish Cancer Register is providing infor-
mation on biliary cancer histological subtypes and
location as well as age and date at cancer diagnosis.
This register was established in 1958 and includes
data on newly diagnosed cancers in Sweden. The
National Patient Register provides complete infor-
mation on diagnoses and surgical procedures from
inpatient specialist care and outpatient across all
hospitals in Sweden.*¥ Data on past and cur-
rent medical conditions, presence of gallstone dis-
ease, and cholecystectomy were collected from this
register.(zs)

The Swedish Causes of Death Register provided
dates of death for censoring. This register was estab-
lished in 1961, with 100% completeness in recording
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deaths in Sweden.?® Registers were linked using
the unique personal identity number, assigned to all
Swedish residents.

The study was approved by the Regional Ethical
Review Committee in Stockholm (2014/1291-31/4).
The study has been performed in accordance with
the ethical standards amended in the 1964 Helsinki
Declaration and did not require informed consent
because it is based on registry-based anonymized data.

STUDY DESIGN

This nation-wide Swedish population-based cohort
was designed to examine the risk of biliary tract can-
cer among long-term users of PPI compared to the
Swedish background population of the same sex, age,
and calendar period(27 (Supporting Fig. S1). All adults
(218 years) who received maintenance therapy of PPI
during July 1, 2005 to December 31, 2012 (end of
data collection) were identified through the Prescribed
Drug Register. The index date was considered the date
of initiation of PPI prescriptions; participants were
followed up until the occurrence of any cancer, death,
or cholecystectomy or end of study period, whichever
occurred first. The study results are reported accord-
ing to the STROBE statement (Strengthening the
Reporting of Observational Studies in Epidemiology)
for cohort studies (Supporting Table S1).

PARTICIPANTS AND EXPOSURE

Participants were considered exposed if they
received 2180 days of PPI (Anatomical Therapeutic
Chemical classification [ATC] code A02BC) during
the study period before the onset of any cancer yield-
ing 738,881 persons (Supporting Fig. S2). The follow-
ing participants were excluded from all the analyses:
(1) subjects with a history of cancer before the start
and within 6 months of index date (n = 222,730);
(2) participants who received high cumulative doses
of both PPI and histamine-2 receptor antagonist
(H2RAs; n = 25,726); and (3) participants who
underwent cholecystectomy before the index date
and within 1 year (n = 57,611). The total cumula-
tive administered PPI doses was estimated by adding
the defined daily dose (DDD) per package (DDDp),
which takes the potency of the drug into account as
well as the prescribed quantity. DDDp = (items issued
*amount of drug per item)/DDD. The DDD is the

KAMAL ET AL.

assumed average maintenance dose per day for a drug
used for its main indication in adults, per the World
Health Organization definition.?® PPIs are available
as over the counter in Sweden, yet in small packages
with a higher price per dose.?” So, we can assume
that the great majority of maintenance users have
their PPI doses through prescription. For comparison,
risk of biliary cancer was also examined among all
adults who received 2180 days of exposure to H2RA
as a drug prescribed for a similar indication as a PPI

(n = 18,849).

OUTCOME

The outcome was primary biliary tract carcinoma
(gallbladder, extra- and intrahepatic bile ducts) as
reported in the Swedish Cancer Register according to
the the International Classification of Diseases, Tenth
Revision (ICD-10) codes as shown in Supporting
Table S2. Accuracy of the ICD-10 coding has been
cross-checked with the International Classification of
Diseases, Seventh Revision coding.

CONFOUNDERS

Age at first PPI prescription was categorized as
18-<40, 40-49, 50-59, 60-69, and 270 years. Sex
was grouped as male or female, and calendar period
as 2005-2006, 2007-2009, and 2010-2012. All these
three variables were complete in the data for PPI users.

We evaluated potential confounding by indication
through subgroup analyses for the most common
reported indications for acid-suppressive therapy.
We assessed the following subgroups based on the
Patient Registry and/or Prescribed Drug Registry:
gastroesophageal reflux disease; peptic ulcers; gas-
troduodenitis; Helicobacter pylori infection/eradica-
tion; maintenance use (2180 days during the study
period) of aspirin therapy; and/or nonsteroidal
anti-inflammatory drugs (NSAIDs). A potential
protective effect against biliary cancer and other
gastrointestinal malignancy has been described for
long-term use of aspirin and NSAIDs.®*3") The
following less-prevalent indications of dyspepsia,
such as Barrett esophagus and Zollinger-Ellison
syndrome, were not assessed separately because
they were recorded in <5% of the present cohort.

Indication of therapy was lacking in ~25% of the
cohort.#%?
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TABLE 1. Baseline Characteristics and Indications of Use for 738,881 Participants Receiving PPI in Sweden During the Study
Period (2005-2012)

Participants
Total Men Women
Characteristic No. % No. % No. %
Total 738,881 100.00 316,190 42.80 422,691 57.20
Age, years
<40 85,813 11.60 35,573 11.30 50,240 11.90
40-49 98,502 13.30 43,420 13.70 55,082 13.00
50-59 145,290 19.70 66,702 21.10 78,588 18.60
60-69 162,820 22.00 75,810 24.00 87,010 20.60
>=70 246,456 33.40 94,685 29.90 151,771 35.90
Calendar period
2005-2006 402,643 54.50 169,912 53.70 232,731 55.10
2007-2009 212,328 28.70 90,735 28.70 121,593 28.80
2010-2012 123,910 16.80 55,543 17.60 68,367 16.20
Underlying indications
Gastroesophageal reflux 185,591 25.10 87,592 27.70 97,999 23.20
Peptic ulcers 73,138 9.90 37,097 11.70 36,041 8.50
Gastroduodenitis 94,716 12.80 42,447 13.40 52,269 12.40
Helicobacter pylori infection/ 54,733 7.40 25,265 8.00 29,468 7.00
eradication
Aspirin maintenance therapy 254,352 34.40 122,514 38.80 131,838 31.20
NSAIDs maintenance therapy 222,299 30.10 77,610 24.50 144,689 34.20
Underlying comorbidities
Chronic pancreas disease 4,271 0.60 2,639 0.80 1,632 0.40
Chronic liver disease 13,569 1.80 7,950 2.50 5,619 1.30
Gallstone disease 50,123 6.78 16,368 5.18 33,755 7.99
Any of the above 65,046 8.80 25,334 8.01 39,712 9.40
None of the above 673,835 91.20 290,856 91.99 382,979 90.60
Outcomes (type of cancer)
Gallbladder cancer 206 0.03 49 0.02 157 0.04
(Gallbladder 155 0.02 35 0.01 120 0.03
adenocarcinoma)
Extrahepatic bile ducts 265 0.04 131 0.04 134 0.03
(Extrahepatic 26 0.00 15 0.00 11 0.00
cholangiocarcinoma)
(Extrahepatic 186 0.03 93 0.03 93 0.02
adenocarcinoma)
Infrahepatic bile ducts 131 0.02 58 0.02 73 0.02
(Intrahepatic bile ducts 99 0.01 44 0.01 55 0.01
cholangiocarcinoma)
Total person-years 3,548,064 1,488 475 2,259 589
Follow-up, mean (SD) 4.8 (2.4) 4.7 (2.4) 4.9 (2.3)
Median (IQR) 5.3(2.8-7.1) 52(2.6-7.1) 5.4 (2.9-7.2)

Additional sensitivity analyses were conducted the effect of duration of PPI therapy (categorized as
to evaluate a potential mediating role of gallstones, <1.0,1.0-2.9,3.0-4.9, and >5 years) to account for the
chronic liver, and pancreatic diseases as known risk  potential detection bias or protopathic bias in the first
factors for biliary tract malignancies. Also, we assessed ~ 3-5 years of follow-up.®®
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STATISTICAL ANALYSIS

Characteristics and outcome of events of the cohort
groups are reported as number and percentage, mean
and SD or median, and interquartile range (IQR),
as appropriate. Standardized incidence rate ratios
(SIRs) with 95% CIs were calculated as the ratio
of the observed number of gallbladder, extrahepatic,
and intrahepatic biliary cancer cases in the PPI use
cohort compared with the expected number of such
cases in the Swedish background population of the
same sex, age group, and calendar period.(34) Starting
from the index date, Clayton’s algorithm was used to
calculate the follow-up time in person-years for each
stratum.® To test the robustness of our findings, we
conducted several sensitivity analyses; we assessed the
risk of biliary tract cancer per PPI cumulative dura-
tion to account for detection bias and potential reverse
causality. To account for confounding by indication,
we analyzed cancer risk by subjects with gallstone dis-
eases and chronic liver and pancreatic disorders. Also,
we repeated the analyses comparing subjects on long-
term PPI versus subjects on long-term H2RA use.

Results
PARTICIPANTS

Table 1 shows the baseline characteristics of
all PPI users included in the study (n = 738,881).
There were more women (57.2%) than men (42.8%),
and the majority was aged >60 years (55.4%).
Maintenance use of aspirin and NSAIDs was the
most common indication of PPI therapy consti-
tuting 64% of the cohort, with more male aspirin
users and more female NSAIDs users. Upper gas-
trointestinal reflux and peptic ulcer diseases were
recorded in 48% of the cohort, whereas Helicobacter
pylori infection/eradication was noted in 7.4% of the
cohort. Patients with underlying gallstone diseases
constituted 6.8% of the cohort; chronic liver and
pancreatic diseases were present in 1.8% and 0.6%,
respectively. Participants were followed for a median
of 5.3 years (IQR, 2.8-7.1). During 3,548,064
person-years at risk, 206 (0.03%) developed gall-
bladder cancer, 265 (0.04%) developed extrahepatic
bile ducts carcinoma, and 131 (0.02%) developed
intrahepatic bile ducts.

KAMAL ET AL.

Of50,123 persons with gallstones disease, 95 (0.2%)
developed gallbladder cancer, 58 (0.12%) developed
extrahepatic bile duct cancer, and 19 (0.04%) devel-
oped intrahepatic bile duct cancer. Among 65,046
persons with either gallstone or chronic liver and/or
pancreatic diseases, 103 (0.16%) developed gallblad-
der cancer and 81 (0.12%) and 38 (0.06%) devel-
oped extrahepatic and intrahepatic bile duct cancer,
respectively.

Patients with gallstone and/or liver or pancre-
atic diseases have a higher incidence of all biliary
tract cancer than patients with no history of either

(Table 1).

RISK OF BILIARY TRACT CANCER
BY SEX AND AGE

The overall SIR for gallbladder cancer among
long-term PPI users compared to the Swedish
general population was 1.58 (95% CI, 1.37-1.81).
Corresponding SIRs for extra- and intrahepatic bile
ducts cancer were 1.77 (1.56-2.00) and 1.88 (1.57-
2.23), respectively. Risks of gallbladder and extrahe-
patic bile duct cancer were slightly higher in men
than in women. Similar results were noted when
restricting to gallbladder adenocarcinoma, extra-
hepatic cholangiocarcinoma, and adenocarcinoma
(Table 2), whereas overall risk for intrahepatic bile
duct cancer was higher in women (SIR = 1.85; 95%
CI, 1.45-2.33) than in men (SIR = 1.45; 95% CI,
1.45-2.47). Risk of intrahepatic cholangiocarcinoma
was higher in men (SIR = 2.06; 95% CI, 1.50-2.76)
than in women (SIR = 1.93; 95% CI, 1.46-2.51;
Table 2).

Risk estimates were decreasing by age for all three
types of biliary cancer, with the highest risk estimate
noted in age <40, where the SIR of gallbladder can-
cer was 26.5 (95% CI, 2.98-95.68), and the SIR of
extrahepatic bile duct cancer was 9.32 (95% CI, 1.87-
27.24) and 13.43 (95% CI, 4.90-29.23) for intrahe-
patic bile duct cancer (Table 2).

RISK OF BILIARY TRACT CANCER
BY INDICATION OF USE

Risk of gallbladder cancer was higher among long-
term PPI users for all indication groups except in
aspirin maintenance therapy (SIR = 1.29; 95% CI,
0.85-1.88). The highest risk for gallbladder cancer was
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TABLE 2. Risks of Biliary Cancer Subtypes in Participants Receiving PPI Compared to the Swedish Standard Population*

Gallbladder Cancer Extrahepatic Bile Duct Cancer Intrahepatic Bile Duct Cancer
N % SIRs (95% Cl) N % SIRs (95% Cl) N % SIRs (95% Cl)

Total 206 0.03 1.58 (1.37-1.81) 265 0.04 1.77 (1.56-2.00) 131 0.02 1.88 (1.57-2.23)
Sex
Men 49 0.02 1.73 (1.28-2.29) 131 0.04 2.02 (1.69-2.40) 58 0.02 1.45(1.45-2.47)
Women 157 0.04 1.53 (1.30-1.79) 134 0.03 1.58 (1.32-1.87) 73 0.02 1.85 (1.45-2.33)
Age, years
<40 2 0.00 26.50 (2.98-95.68) 3 0.00 9.32 (1.87-27.24) 6 0.01 13.43 (4.90-29.23)
40-49 6 0.01 3.04 (1.11-6.61) 14 0.01 5.05(2.76-8.47) 10 0.01 3.67 (1.76-6.74)
50-59 19 0.01 2.13(1.28-3.32) 29 0.02 2.46 (1.65-3.53) 26 0.02 3.69 (2.41-5.40)
60-69 46 0.03 1.52 (1.11-2.02) 69 0.04 1.89 (1.47-2.39) 37 0.02 1.71 (1.20-2.36)
>=70 133 0.05 1.50 (1.26-1.78) 150 0.06 1.52 (1.29-1.79) 52 0.02 1.37 (1.02-1.80)
Time since

start of

PPIs
First year 50 0.08 1.74 (1.29-2.29) 91 0.15 2.89 (2.32-3.54) 43 0.07 3.36 (2.43-4.52)
1-3 years 69 0.05 1.36 (1.06-1.73) 71 0.05 1.36 (1.06-1.72) 33 0.02 1.34 (0.92-1.88)
3-5 years 47 0.03 1.05 (0.78-1.40) 56 0.04 1.09 (0.83-1.42) 24 0.02 1.05 (0.67-1.56)
>5 years 40 0.01 1.48 (1.06-2.02) 47 0.01 1.44 (1.06-1.91) 31 0.01 1.84 (1.25-2.61)

*Stratified by sex, age, and time since initiation of PPI during the study period (2005-2012), expressed as SIRs with 95% Cls.

TABLE 3. Risks of Biliary Cancer in Participants Receiving PPI Compared to the Swedish Standard Population*

Gallbladder Cancer Extrahepatic Bile Duct Cancer Intrahepatic Bile Duct Cancer
N % SIRs (95% Cl) N % SIRs (95% Cl) N % SIRs (95% Cl)
Total 206 003  158(1.37-1.81) 265 004  1.77(1562.00) 131 002 1.88(1.57-2.23)
Indications of use
Gastroesophageal reflux 63 0,03 1.79 (1.38-2.30) 59 0,03 3.07 (2.34-3.96) 26 001 0.63(0.41-0.93)
Peptic ulcers 28 0,04 1.90 (1.26-2.74) 38 0,05 2.12(1.50-2.92) 21 0,03 269 (1.67-4.12)
Gastroduodenitis 37 0,04 2.06 (1.45-2.84) 39 0,04 1.87 (1.33-2.55) 27 0,03 2.81(1.85-4.09)
Helicobacter pylori infection/ 17 0,03 1.99(1.16-3.18) 23 0,04 2.24 (1.42-3.37) 15 0,03 3.03(1.69-4.99)
eradication

Aspirin maintenance therapy only 27 0,01 1.29 (0.85-1.88) 38 0,01 1.80 (1.27-2.46) 19 0,01 2.14(1.29-3.34)
NSAIDs maintenance therapy only 32 0,01 2.06 (1.41-2.91) 32 0,01 1.96 (1.34-2.77) 15 0,01 1.74(0.97-2.87)
Sensitivity analyses

Gallstones 95 019  8.92(7.22-10.91) 58 0,12 10.99(8.35-14.21) 19 0,04 1.65(0.99-2.57)
No history of gallstones 111 0,02 0.93(0.76-1.11) 207 0,03 1.50(1.30-1.72) 112 0,02 1.74(1.43-2.09)

History of gallstones, chronic liver 103 0,16 8.10 (6.61-9.83) 81 0,12 5.69 (4.52-7.07) 38 0,06 579 (4.09-7.94)
disease, and/or chronic pancre-
atic disease

No history of gallstones, chronic 104 0,02 0.88 (0.72-1.07) 184 0,03 1.36 (1.17-1.57) 93 001 1.47(1.19-1.80)
liver disease, or chronic pancre-
atic disease

*Stratified by indication of use and subgroups analysis since initiation of PPI during the study period (2005-2012), expressed as standard-
ized incidence ratios (SIRs) with 95% Cls.

noted in patients with gastroduodenitis (SIR = 2.06; Risk of extrahepatic bile ducts cancer was con-
95% CI, 1.45-2.84) and in patients on NSAID main-  sistently higher among long-term PPI users for all
tenance therapy (SIR = 2.06; 95% CI, 1.41-2.91; indication groups, with the highest risk in gastro-
Table 3). esophageal reflux (SIR = 3.07; 95% CI, 2.34-3.96)
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and the lowest risk among aspirin maintenance ther-
apy (SIR = 1.80; 95% CI, 1.27-2.46). Risk of intra-
hepatic bile duct cancer was high among long-term
PPI users for all indications except in gastroesopha-
geal reflux (SIR = 0.63; 95% CI, 0.41-0.93) and in
NSAID maintenance therapy use (SIR = 1.74; 95%
CI, 0.97-2.87; Table 3).

RISK OF BILIARY TRACT CANCER
BY DURATION OF PPI TREATMENT

During the first year of treatment, the SIR for gall-
bladder cancer was 1.74 (95% CI, 1.29-2.29); the SIR
for extrahepatic bile duct cancer was 2.89 (95% CI,
2.32-3.54), and for intrahepatic bile duct cancer, the
SIR was 3.36 (95% CI, 2.43-4.52). Between 1 and
3 years of PPI treatment, the risk of gallbladder cancer
was SIR = 1.36 (95% CI, 1.06-1.73) and the risk of
extrahepatic bile duct cancer was SIR = 1.36 (95% CI,
1.06-1.72), but the risk estimate was not statistically
significant for intrahepatic bile duct cancer (SIR = 1.34;
95% CI, 0.92-1.88). Between 3 and 5 years of PPI
treatment, no association was found between PPI use
and gallbladder cancer (SIR = 1.05; 95% CI, 0.78-1.40),
extrahepatic bile duct cancer (SIR = 1.09; 95% CI, 0.83-
1.42), or intrahepatic bile duct cancer (SIR = 1.05; 95%
CI, 0.67-1.56). For =5 years of PPI use, the SIRs of all
types of bile duct cancer were statistically significantly
increased (SIR = 1.48; 95% CI, 1.06-2.02, for gallblad-
der cancer; SIR = 1.44; 95% CI, 1.06-1.91, for extrahe-
patic bile duct cancer; SIR = 1.84; 95% CI, 1.25-2.61,
for intrahepatic bile duct cancer; Table 2).

SENSITIVITY ANALYSIS

Maintenance use of PPI was strongly associated
with gallbladder cancer (SIR = 8.92; 95% CI, 7.22-
10.91) and extrahepatic bile duct cancer (SIR = 10.99;
95% CI, 8.35-14.21) in persons with gallstone disease,
whereas this association was weaker for intrahepatic
bile duct cancer (SIR = 1.65; 95% CI, 0.99-2.57).
Among persons without a history of gallstone disease,
there was no association between PPI use and gall-
bladder cancer (SIR = 0.93; 95% CI, 0.76-1.11). The
corresponding association for extrahepatic bile duct
cancer was substantially weaker (SIR = 1.50; 95%
CI, 1.30-1.72) than in persons with gallstones. The
SIR for intrahepatic bile duct cancer was 1.74 (95%
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CI, 1.43-2.09) and in line with the results of persons
without gallstone disease (Table 3).

BILIARY TRACT CANCER AMONG
H2RA USERS

Among 18,849 long-term H2RA wusers, only 3
developed gallbladder cancer, 4 extrahepatic cancer,
and 2 intrahepatic cancer. Incidence among H2RA
users was too low to calculate SIRS.

Discussion

This large nation-wide study examined the associa-
tion between PPI use and biliary tract cancer. Overall,
the risk of gallbladder, extrahepatic, and intrahepatic
bile duct cancer was increased among long-term PPI
users compared to the Swedish background popula-
tion. The risk was increased irrespective of sex, and
the point estimates were >1.0 for all subtypes of bil-
iary tract cancer. The initial increase in the risk of
cancer during the first 3 years of follow-up, declining
to levels comparable to the background population
between 3 and 5 years of follow-up, might have arisen
by reverse causality or detection bias. However, reverse
causality is unlikely to explain the later increase in the
risk after >5 years of follow-up. Importantly, the asso-
ciation between PPI use and gallbladder and extra-
hepatic bile duct cancer seems to be mediated by
gallstone disease.

Our study has many methodological strengths: the
population-based design with prospective data acqui-
sition from validated registers and the inclusion of all
eligible PPI users (n = 738,881) with 3.5 million years
of follow-up contributing to high statistical power.
These robust methods, using high-quality data from
the entire Swedish population, contribute to the gener-
alizability of our findings at least for the Nordic region,
but also to other countries with similar PPI use and
incidence of biliary tract cancer risk. Moreover, we were
able to evaluate the pure effect of PPI in patients with
no history of liver or pancreatic diseases minimizing
the risk of confounding by indication. Our additional
analyses by cancer subtypes and by duration of PPI
were consistent with the results of the main analyses.

For the limitations, there was a lack of information

on previous PPI use (before 2005) and the limited
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duration of follow-up (up to 7.5 years). We accounted
for this issue and addressed reverse causality by exclud-
ing all cancers occurring within a year after enroll-
ment, and we assessed the risk with >5 years of PPI
exposure. Also, we excluded patients who had pre-
vious and up to a year cholecystectomy to minimize
confounding by indication induced by frequent PPI
prescription among this group of patients. All analyses
showed consistent results. Although 25% of patients
did not have a registered underlying indication for
PPI use, a more complete reporting is expected for
persons with more-severe, better-investigated symp-
toms. This relatively large proportion without diagno-
sis may include persons who received PPI for more
vague gastrointestinal symptoms, which could also
be the first symptoms of a developing gastrointesti-
nal cancer. Given that biliary tract cancers are highly
aggressive tumors with an estimated 3%-20% 5-year
survival, especially, the association in the group with
the longest follow-up seems unlikely to be entirely
attributable to confounding by indication or reverse
causation.

We did not analyze place of residence or socioeco-
nomic status as proxy of access to health care. This
factor is unlikely to affect the association majorly
given that access to health care is similarly available
tor PPI users and nonusers in Sweden.

A potential exposure misclassification could not be
ruled out given that information on over-the-counter
drugs is not available. However, we expect this to be
very minimal because of the expensive price of over-
the-counter PPI and that most long-term PPI users
(2180 days) get it through prescription. With 11% of
Swedish adults being classified as maintenance users,
using this rather strict definition of 180 days, the risk
of misclassification of maintenance use would be lim-
ited. In other countries, ~10%-30% of all adults used
maintenance therapy.(35) We did not stratify the anal-
ysis by different types of PPI because omeprazole is
the predominantly prescribed PPI (79% of chronic
users), followed by esomeprazole (15%).

Some residual confounding could not be ruled out,
given that data on body weight and lifestyle factors
were not available for the entire Swedish population.
These data are usually present in the clinical notes of
different persons and would need an extensive workup
to be extracted beyond the scope of this study. We also
do not have access to socioeconomic information and
migration status for this project, and data on ethnicity
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are not collected in Sweden. Yet, all results were stan-
dardized for age, sex, and calendar period. We could
not compare the use of H2RA because of insufficient
power.

The increased risk of cholangitis, cholecystitis, and
gallstone diseases associated with long-term PPI use
has not been similarly observed in H2RA users,""1%3¢)
yet could not be evaluated with SIRs in the present
cohort because nation-wide statistics (per age, sex, and
calendar period) were not publicly available for these
diseases. Confounding by indication might hamper
this association given that patients with more-severe
symptoms tend to be treated with more-potent acid-
suppressive agents. Moreover, biliary diseases might be
more prevalent in certain groups of the population.(37)
Yet, in our sensitivity analysis restricting to persons
with no history of hepatobiliary or pancreatic condi-
tions, 1.47- and 1.36-fold risk of intra- and extrabili-
ary tract cancers remained, respectively.

Furthermore, in the subgroup analysis on persons
using PPl combined with aspirin and/or NSAIDs,
increased risks of different biliary tract cancers (com-
pared to the background population) were still found
despite the potential chemoprotective effect of aspirin
on biliary cancers.*®*® This consistent increase in rel-
ative risk of all biliary tract cancer subtypes, irrespec-
tive of sex or PPI exposure duration and indications
of use, further supports our hypothesis that PPI might
be an independent risk factor for biliary tract cancers.

The potential underlying mechanisms require more
investigation. Chronic, recurrent inflammation of the
biliary epithelium, bile stasis, and infection are recog-
nizable risk factors for the development of biliary tract
cancers.%40) Many experimental and clinical studies
noted a higher risk of enteric infections”'****") and
precancerous changes in the bile duct similar to those
observed in high-fat diet with PPI use.“? Whether
PPI use affects biliary motility is still debated, but
chronic hypochlorhydria in PPI use allows harmful
bacterial overgrowth and subsequent retrograde biliary
(4345) All these potential mechanisms
might be plausible explanations of the consistent
increased risk of biliary tract cancer observed in our
analyses.

Of note, the majority of previous studies on bili-
ary tract disorders association with PPI use originate
from regions with historical risk factors for biliary
tract diseases as viral hepatitis and liver flukes. 18203
Other studies also showed that prolonged PPI use

tract infection.
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(46) pan-

was associated with increased risk of gastric,
creatic,'® and colorectal carcinoma from diverse pop-
ulations as well.?>***”) PP was not associated with
any malignancy or serious adverse events in three ran-
domized trials, during a median of 3 years®" and 5
and 12 years of follow—up.(48) Of note, these trials were
addressing different endpoints than the long-term
risk of cancer in PPI users; short follow-up time and
inclusion of rather healthier cohorts were among the
methodological concerns of these studies.*” Hence,
the evidence cumulating from many observational
studies of long-term PPI risks could not be ignored.

Our findings are in line with a recent case-control
study noting 2-fold increased risk of gallbladder
cancer among PPI users, although our definition of
6 months’ accumulated use for study inclusion was
stricter than their 30 days.?” Gallstone disease is a
recognizable strong risk factor for gallbladder cancer,
which explains the higher SIRs among this subgroup.
When we stratified the analysis excluding persons
with gallstone disease, the association remained sig-
nificant for intra- and extrahepatic biliary cancer, but
not for gallbladder carcinoma, suggesting that the
association might be mediated through gallstones for
gallbladder cancer, but not in intra- and extrahepatic
carcinoma.

Clinical implications of the increased risk of bili-
ary tract cancer might be limited because of the very
low absolute lifetime risk of this rare cancer (<1%).
Often with insidious onset, biliary tract cancer is usu-
ally discovered in advanced stages when therapeu-
tic options are limited."!) In our study, patients aged
>60 years constituted 81% (n = 487 of 602) of total
biliary tract cancer cases. It is crucial to be aware of
this risk among long-term PPI users given that the
ill-defined symptoms of biliary tract cancer can be
mistaken for an esophagogastric origin, delaying fur-
ther the diagnosis—especially in this age group, where
other comorbidities and polypharma might divert
the attention of a more-serious condition. The pos-
sibility of reverse causation with a later diagnosis of
biliary cancer masked by PPI use could not be ruled
out. Nonetheless, an earlier cancer onset may also be
a sign of genetic susceptibility of the person; yet, we
also hypothesize that PPI use may be more harmful
to the microbiome composition in younger persons
than among elder persons, with a consequent “true”
age effect on cancer development. Given the very few
biliary tract carcinoma cases among the age group
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<40 years (small absolute risk difference), the possibil-
ity of genetic alterations could not be ruled out. This
age-dependent effect of PPI observed in our study
warrants more analysis of the influence of PPI on the
microbiome composition for different age groups.”’

Therefore, our results should be interpreted in the
context of sensibly weighing the risk of prolonged
use of PPI, particularly in high-risk groups. Further
research is needed to unravel the risk factors and pre-
dictors of survival of this aggressive malignancy.

To conclude, this nation-wide population-based
cohort study provides evidence that long-term PPI
use was independently associated with an increased
risk of biliary tract cancer. This risk should be consid-
ered when prescribing PPI for prolonged duration, in
vulnerable patients weighing benefits and risks.
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