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Abstract

IMPORTANCE Ranitidine, the most widely used histamine-2 receptor antagonist (H,RA), was
withdrawn because of N-nitrosodimethylamine impurity in 2020. Given the worldwide exposure to
this drug, the potential risk of cancer development associated with the intake of known carcinogens
is an important epidemiological concern.

OBJECTIVE To examine the comparative risk of cancer associated with the use of ranitidine vs other
H,RAs.

DESIGN, SETTING, AND PARTICIPANTS This new-user active comparator international network
cohort study was conducted using 3 health claims and 9 electronic health record databases from the
US, the United Kingdom, Germany, Spain, France, South Korea, and Taiwan. Large-scale propensity
score (PS) matching was used to minimize confounding of the observed covariates with negative
control outcomes. Empirical calibration was performed to account for unobserved confounding. All
databases were mapped to a common data model. Database-specific estimates were combined
using random-effects meta-analysis. Participants included individuals aged at least 20 years with no
history of cancer who used H,RAs for more than 30 days from January 1986 to December 2020,
with a 1-year washout period. Data were analyzed from April to September 2021.

EXPOSURE The main exposure was use of ranitidine vs other H,RAs (famotidine, lafutidine,
nizatidine, and roxatidine).

MAIN OUTCOMES AND MEASURES The primary outcome was incidence of any cancer, except
nonmelanoma skin cancer. Secondary outcomes included all cancer except thyroid cancer, 16 cancer
subtypes, and all-cause mortality.

RESULTS Among 1183 999 individuals in 11 databases, 909 168 individuals (mean age, 56.1 years;
507 316 [55.8%] women) were identified as new users of ranitidine, and 274 831 individuals (mean
age, 58.0 years; 145 935 [53.1%] women) were identified as new users of other H,RAs. Crude
incidence rates of cancer were 14.30 events per 1000 person-years (PYs) in ranitidine users and 15.03
events per 1000 PYs among other H,RA users. After PS matching, cancer risk was similar in ranitidine
compared with other H,RA users (incidence, 15.92 events per 1000 PYs vs 15.65 events per 1000
PYs; calibrated meta-analytic hazard ratio, 1.04; 95% Cl, 0.97-1.12). No significant associations were
found between ranitidine use and any secondary outcomes after calibration.

CONCLUSIONS AND RELEVANCE In this cohort study, ranitidine use was not associated with an
increased risk of cancer compared with the use of other H,RAs. Further research is needed on the
long-term association of ranitidine with cancer development.
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Key Points

Question Is use of ranitidine associated
with higher risk for incident cancer
compared with other histamine-2 (H,)
receptor antagonists (H,RAs)?

Findings In this cohort study including
1183 999 individuals from 11 large
databases across Europe, North
America, and Asia, risk of cancer among
ranitidine users did not differ from users
of other H,RAs. Ranitidine use was not
associated with an increased risk of
esophageal, stomach, or colorectal

cancer, or 13 other subtypes of cancer.

Meaning These findings suggest that a
history of ranitidine use is not associated
with an increased risk of cancer
compared with use of other H, receptor
antagonists, but further research is
needed on the long-term effects of

ranitidine on cancer development.
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Introduction

Ranitidine is a histamine-2 receptor antagonist (H,RA) that has been widely used to treat
gastroesophageal reflux disease and peptic ulcer disease.! In the US, more than 14 million ranitidine
prescriptions were made annually in 2013 to 2018.2 In 2018, ranitidine was the third most prescribed
gastrointestinal medication.? In September 2019, the US Food and Drug Administration (FDA) found
that some ranitidine medicines contained N-nitrosodimethylamine (NDMA), a known human
carcinogen.*° In April 2020, the FDA requested manufacturers to withdraw all prescription and over-
the-counter ranitidine-containing drugs, and the Committee for Medicinal Products for Human Use
of the European Medicines Agency (EMA) recommended the suspension of all ranitidine medicines in
the European Union. The FDA found that NDMA concentrations increased over time in some
ranitidine products stored at temperatures higher than room temperature, resulting in exposure of
consumers to unacceptable levels of the carcinogen®; the EMA also reached a similar conclusion.”

Given the worldwide popularity of ranitidine, exposure of several populations to NDMA and the
potential risk of cancer development are important epidemiological concerns, and cancer screening
may be required in individuals with previous prolonged exposure to ranitidine. However, the risk of
cancer among individuals who used NDMA-contaminated ranitidine has not been fully evaluated.
Although some studies have attempted to address this issue, the results are probably underpowered
and lack generalizability due to using a single data source.®'° Hence, a large-scale, multinational,
multicenter cohort study was conducted to determine whether ranitidine use was associated with
increased cancer risk. We aimed to generate robust evidence for the association of cancer
development in adult individuals without previous cancer history with the use of ranitidine and other
H,RAs.

Methods

For this cohort study, each site received an institutional review board approval or obtained a waiver
for the analysis of deidentified data according to institutional governance guidelines. The study is
reported according to the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) reporting guideline.

Study Design and Data Sources

This federated international network cohort study was facilitated by the Observational Health Data
Sciences and Informatics open science collaboration.” The eligible individuals were identified by
reviewing the routinely collected data in electronic health records and health claim data from the US,
the UK, Germany, France, Spain, South Korea, and Taiwan. All data sources were standardized based
on the Observational Medical Outcomes Partnership common data model, version 5.3." On the basis
of a network of standardized databases, a series of distributed network analyses were conducted
per previous studies.™'* In accordance with a prespecified statistical analysis plan, an end-to-end R
package was developed and distributed across the participating databases. This executable analytical
software package is available elsewhere.' For interpretation and database-level meta-analysis, only
predesigned tabular statistical results from the data sources without patient-level information were
shared with the coordinating centers. The predefined study protocol was registered in the European
Union Post-Authorisation Studies Register.

The contributing data sources were the IQVIA US Ambulatory Electronic Medical Research
(AmbEMR; US), Columbia University Irving Medical Center data warehouse (CUIMC; US), Stanford
Medicine Research Data Repository (STARR; US), UK's IQVIA Medical Research Data (IMRD; UK),
IQVIA Disease Analyzer Germany (DA Germany; Germany), Information System for Research in
Primary Care (SIDIAP; Spain), IQVIA Longitudinal Patient Database (LPD; France), Korean National
Health Insurance System-National Sample Cohort (NHIS-NSC; South Korea), Ajou University School
of Medicine (AUSOM; South Korea), Kandong Sacred Heart Hospital (KDH; South Korea), Hanyang
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University Medical Center (HUMIC; South Korea), and Taipei Medical University Clinical Research
Database (TMUCRD; Taiwan). A detailed description of the databases is available in eAppendix 1in
Supplement 1.

Study Cohorts and Exposure
The study included adult patients aged 20 years or older who used ranitidine for more than 30 days
with at least 1year of exposure-free observation period prior to cohort entry. The comparator cohort
was defined as adult patients who used other H,RAs (ie, famotidine, roxatidine, or lafutidine) with a
1-year washout period. Users of cimetidine and nizatidine were excluded from the primary
comparator group, as previous studies have suggested that cimetidine may have anticancer effects'®
and nizatidine is contaminated with NDMA.™® Patients with a history of cancer, exposure to other
H,RAs for up to 1year prior to cohort entry (for the target cohort), or ranitidine use for up to 1year
prior to cohort entry (for the comparator cohort) were excluded. Because of the use of ranitidine-
containing combination drugs in Korea, patients exposed to sucralfate or bismuth within 1 month
prior to the entry date were also excluded to minimize the imbalance between the ranitidine group
and other H,RA groups.

The index date was defined as the date of H,RA treatment initiation. The end of the treatment
duration was defined as the end of exposure to the drug of interest, allowing a 30-day gap between
consecutive prescriptions. The study design is presented in eAppendix 2 in Supplement 1.

Outcomes

The primary outcome was the development of any cancer types, excluding nonmelanoma skin
cancer. Secondary outcomes included the development of any cancer types (including nonmelanoma
skin cancer and excluding thyroid cancer) or the 16 cancer subtypes analyzed separately (breast
cancer; prostate cancer; lung cancer; colorectal cancer; bladder cancer; liver cancer; leukemia;
pancreatic cancer; stomach cancer; lip, oral cavity, and pharynx cancer; thyroid cancer; corpus uteri
cancer; ovary cancer; esophageal cancer; gall bladder and biliary tract cancer; and cervix uteri
cancer). A list of the diagnostic codes used for outcome ascertainment is provided in eAppendix 3 in
Supplement 1.

Statistical Analysis

Propensity score (PS) matching was performed to reduce potential confounding due to an imbalance
in the baseline observed covariates between the target and the comparator cohorts. A large set of
covariates was used to estimate the large-scale PSs, including age, sex, race, ethnicity, year and
month of cohort entry, all recorded medications, medical history, procedures performed, and the
Charlson Comorbidity Index score in the year prior to the index date. The information on race and
ethnicity was derived from the databases. In AmbEMR, race was classified as Asian, White, and
African American, with allowances for missing values; ethnicity was categorized as Hispanic or Latino,
and Not Hispanic or Latino. Race and ethnicity were included in analysis because they may influence
treatment decisions.

Comparator cohorts were constructed by performing 1:1 PS matching with a caliper of 0.2 SDs
of the logic of the PS. Database-specific PSs were estimated using L, regularized logistic regression
tuned by 10-fold cross-validation.'2° Cox proportional hazard models were fitted to estimate the
hazard ratios (HRs) and 95% Cls according to exposure using the CohortMethod?' R package for each
data source. A prespecified 2-sided P < .05 was considered significant.

For primary analysis, the result from each data source that passed the prespecified diagnostic
criteria was aggregated using random-effects meta-analyses to calculate the summary HR.%2 The
study diagnostic criteria included empirical equipoise and sufficient balance of covariates after PS
adjustment. Empirical equipoise was achieved if most patients’ preference scores (a transformation
of the PS after adjusting for different prevalence of treatments) in both groups were between 0.3
and 0.7. If the absolute standardized mean difference of any covariate was greater than 0.1, the
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balance between the target and comparator cohorts was considered insufficient, and the analyses
was excluded from primary meta-analysis.

Multiple sensitivity analyses were performed using different times of risk, definitions of the
study population, outcomes, and statistical approaches. First, 4 different times of risk were defined:
intention-to-treat (ITT), which followed patients until the end of data availability; ITT with a 1-year
lag; during treatment, which followed people from 1day after the index date until the completion of
the treatment, allowing up to a 30-day gap between prescriptions; and during treatment with a
1-year lag. Second, 3 statistical models were applied in addition to the 1:1 PS matching: variable-ratio
PS matching with a maximum ratio of 1:10, PS stratification into deciles, and unadjusted. The
predefined setting for primary analysis was 1:1 PS matching with ITT and a 1-year lag. Third, negative
control outcomes and empirical calibration were used to quantify and adjust for the impact of
potential residual confounding due to unobserved covariates. Negative control outcomes were
health events not causally associated with the target or comparator exposures, with an expected true
HR equal to 1.2 A total of 119 negative control outcomes were considered (eAppendix 4 in
Supplement 1). The comparative risks and Cls were empirically calibrated according to the empirical
null distribution derived from the negative control outcomes.?* Fourth, for the analyses of the 18
secondary outcomes, statistical significance was reported after a Bonferroni correction to address
multiplicity. Fifth, the interaction effects of cumulative drug dose were estimated.

All analyses were performed using R statistical software version 4.0.2 (R Project for Statistical
Computing). Data were analyzed from April to September 2021.

Results

Cohort Selection

During the period from January 1986 to December 2020, a total of 1183 999 study-eligible new users
of ranitidine (909 168 individuals; mean age, 56.1 years; 507 316 [55.8%] women) or other H,RAs
(274 831 individuals; mean age, 58.0 years; 145 935 [53.1%] women) were identified, including

758 683 individuals in US databases, 338 957 individuals in European databases, and 86 359
individuals in Asian databases. Among the 909 168 enrolled participants using ranitidine, the crude
incidence rate of cancer was 14.30 events per 1000 person-years (PYs), and among 274 831 enrolled
participants using other H,RAs, the crude incidence rate of cancer was 15.03 events per 1000 PYs.

In the French database, other H,RA users were not identified; 590 cimetidine users corresponding to
6185 ranitidine users were identified.

Cohort Characteristics

The baseline characteristics of the participants from each database before and after large-scale PS
matching are presented in eTables 1through 12 in Supplement 1. After PS matching, 217 406
ranitidine users and 217 406 other H,RA users were included in the primary analysis from a total of
1183 999 patients across the 11 databases, after excluding those whose results did not pass the study
diagnostic criteria (Figure 1). No relevant imbalance (absolute standardized mean difference >0.1)
was observed in the data from AmbEMR, CUIMC, SIDIAP, or NHIS-NSC, whereas empirical equipoise
was identified in the data from AmbEMR, CUIMC, SIDIAP, NHIS-NSC, DA Germany, and IMRD. In the
end, data from 4 databases (AmbEMR, CUIMC, SIDIAP, and NHIS-NSC) were included in the primary
analysis. The cohort balance diagnostic criteria is presented in eFigure 1in Supplement 1, and
preference score distributions for each database are plotted in eFigure 2 in Supplement 1. Among

217 406 propensity-matched pairs in the primary analysis (mean age, 59.4 years; 139 921[64.4%)]
women), 69 174 participants (31.8%) in the ranitidine group and 67 707 participants (31.1%) in the
other H,RAs group had a history of gastroesophageal reflux disease, whereas 5657 participants
(2.6%) in the ranitidine group and 5377 participants (2.5%) in the other H,RAs group had a history of
peptic ulcer (Table 1).
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Association of Ranitidine Use With Overall Cancer Risk, Except for Nonmelanoma
Skin Cancer

The Kaplan-Meier curves for the primary outcome (overall cancer risk, except for nonmelanoma skin
cancer) between ranitidine and other H,RA users are presented in Figure 2. No differences in risk
were observed between the ranitidine and H,RA users in the AmbEMR (HR, 1.00; 95% Cl: 0.97-1.03;
mean follow-up, 2.6 years) and CUIMC (HR, 0.97; 95% Cl, 0.87-1.08; mean follow-up, 3.6 years)
databases (Figure 3A). Conversely, ranitidine users exhibited a higher risk of cancer than other H,RA
users in the SIDIAP (HR, 1.16; 95% Cl, 1.01-1.34; mean follow-up, 5.8 years) and NHIS-NSC (HR, 1.11;
95% Cl, 1.02-1.20; mean follow-up, 4.5 years) databases. In the primary meta-analysis of the results
from 4 databases, the hazard of cancer was not statistically significant (HR, 1.04; 95% Cl, 0.97-1.12)
(Figure 3A). The meta-analytic risk of the primary outcome across the 11 databases was similar (HR,
1.03; 95% Cl, 0.99-1.08) (Figure 3B). Moreover, a subgroup meta-analysis of the primary outcomes
for data from the US, Europe, and Asia was performed separately and found no difference in the risk
of primary outcome between ranitidine users and other H,RA users in Western countries (US: HR,
1.00; 95% Cl, 0.97-1.03; Europe: HR, 1.09; 95% Cl, 0.99-1.19); however, the risk of primary outcome
was higher among ranitidine users than in other H,RA users in Asian countries (HR, 1.09; 95% Cl,
1.02-118) (Figure 3B).

Kaplan-Meier curves for the primary outcome between ranitidine users and other H,RA users
who did not pass the study diagnostic criteria are presented in eFigure 3 in Supplement 1. Ina
subgroup meta-analysis stratifying results based on follow-up duration (eFigure 4 in Supplement 1),
we observed no significant difference in the risk of primary outcome between ranitidine users and
other H,RA users, regardless of whether the follow-up duration was 5 years or longer (HR, 1.08; 95%
Cl, 0.99-1.17) or less than 5 years (HR, 1.02; 95% Cl, 0.96-1.08). Furthermore, there was no
interaction between the cumulative dose of H,RAs and the comparative risk of the primary outcome
between ranitidine vs other H,RAs users (eTable 13 in Supplement 1).

Association of Ranitidine Use With Overall Cancer and Site-Specific Cancer Risk

The results for secondary outcomes are presented in Table 2 and eFigure 5 in Supplement 1. No
significant differences were observed between ranitidine users and other H,RA users in terms of risk
of all cancer types (excluding thyroid cancer) and 16 individual cancer subtypes after Bonferroni
correction (Table 2).

AmbEMR indicates IQVIA US Ambulatory Electronic
Medical Research; AUSOM, Ajou University School of
Medicine; H,RA, histamine-2 receptor antagonist;

1183999 Patients meeting eligibility criteria CUIMC, Columbia University Irving Medical Center data
758683 From American databases (IQVIA AmbER, CUIMC, STARR) warehouse; HUMIC, Hanyang University Medical Center;
338957 From European databases (IQVIA DA Ger, IMRD, SIDIAP) ' ' yang '

Figure 1. Patient Selection Flowchart

86359 From Asian databases (NHIS-NSC, AUSOM, HUMIC, IMRD, UK's IQVIA Medical Research Data; IQVIA DA Ger,
KDH, TMUCRDR) IQVIA Disease Analyzer Germany; KDH, Kandong Sacred
l Heart Hospital; NHIS-NSC, Korean National Health Insur-

ance System-National Sample Cohort; SIDIAP, The Infor-
1183999 Adults (aged 220 y) exposed to H,RAs longer than 30 d . ¥ p‘ .
without history of cancer mation System for Research in Primary Care; STARR,

‘ Stanford University database warehouse; TMUCRD, Tai-

l i pei Medical University Clinical Research Database.
909168 Ranitidine users ‘ ‘ 274831 Other H-RAs users @ Diagnostic criteria indicate satisfaction of both empiri-
2 cal equipoise and balance after 1:1 propensity score
(PS) matching; the study diagnostic criteria included
691762 Patients excluded 57425 Patients excluded empirical equipoise and sufficient balance of covariates
678798 Patients not matched 44461 Patients not matched . - .
after 1:1 PS matching |, after 1.1 PS matching aftgr F’S adjustment, and the empirical equmselwas
12964 Patients did not pass 12964 Patients did not pass satisfied when the preference scores of most patients
the diagnostics? the diagnostics? (atransformation of the propensity score adjusting for
different prevalence of treatments) in both groups
ere between 0.3 and 0.7. The balance between the
217406 Ranitidine users in 217406 Other H,RAS users in were betw etween the
the primary analysis the primary analysis target and comparator cohorts was considered suffi-
cient if the absolute standardized mean difference of
all covariates was not greater than O.1.
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Sensitivity Analyses of Comparison Between Ranitidine and Other H,RA Users
The analysis of negative control outcomes found that 107 of 113 ranitidine uses (94.7%) and 111 of 113
H,RA users (98.2%) had 95% Cls that covered 1 before and after empirical calibration (eFigure 6 in

Table 1. Baseline Characteristics of the Participants

Before propensity score matching After propensity score matching?
Patients, No. (%) Patients, No. (%)
Ranitidine Other H,RAs Ranitidine Other H,RAs
Characteristics (n =657463) (n=246178) SMD (n =217 406) (n =217 406) SMD
Age, y®
20-24 18269 (2.8) 6799 (2.8) <0.01 5356 (2.5) 5120 (2.4) 0.01
25-29 23070(3.5) 8052 (3.3) 0.01 6400 (2.9) 6197 (2.9) 0.01
30-34 30365 (4.6) 9881 (4.0) 0.03 8222 (3.8) 8247 (3.8) <0.01
35-39 34837 (5.3) 10208 (4.1) 0.05 8905 (4.1) 8870 (4.1) <0.01
40-44 39735(6.0) 13372 (5.4) 0.03 11238 (5.2) 11538 (5.3) 0.01
45-49 47987 (7.3) 16963 (6.9) 0.02 15252 (7.0) 15056 (6.9) <0.01
50-54 58191 (8.9) 21366 (8.7) 0.01 18560 (8.5) 19189 (8.8) 0.01
55-59 66452 (10.1) 25527 (10.4) 0.01 23064 (10.6) 22704 (10.4) 0.01
60-64 71306 (10.8) 27207 (11.1) 0.01 24158 (11.1) 24474 (11.3) <0.01
65-69 75505 (11.5) 28410 (11.5) <0.01 26153 (12.0) 25787 (11.9) 0.01
70-74 77917 (11.9) 29668 (12.1) 0.01 28329 (13.0) 28447 (13.1) <0.01
75-79 66885 (10.2) 28402 (11.5) 0.04 26798 (12.3) 27172 (12.5) 0.01
80-84 36283 (5.5) 17567 (7.1) 0.07 13064 (6.0) 12866 (5.9) <0.01
Sex
Women 428309 (65.1) 157259 (63.9) 0.03 139921 (64.4) 139949 (64.4) <0.01
Men 229154 (34.9) 88919 (36.1) 0.03 77 485 (35.6) 77 255 (35.6) <0.01
Medical history©
Gastroesophageal reflux disease 215696 (32.8) 71368 (29.0) 0.08 69174 (31.8) 67707 (31.1) 0.01
Peptic ulcer disease 18067 (2.7) 5717 (2.3) 0.03 5657 (2.6) 5377 (2.5) 0.01
Gastritis 59891(9.1) 20314 (8.3) 0.03 18329 (8.4) 18272 (8.4) <0.01
Crohn disease 2808 (0.4) 1184 (0.5) 0.01 1043 (0.5) 1032 (0.5) <0.01
Chronic liver disease 10193 (1.6) 4036 (1.6) 0.01 3408 (1.6) 3429(1.6) <0.01
Hypertensive disorder 236172 (40.0) 102250 (41.5) 0.03 95424 (43.9) 95609 (44.0) <0.01
Osteoarthritis 109663 (16.7) 40181 (16.3) 0.01 37069 (17.1) 37237(17.1) <0.01
Diabetes 105928 (16.1) 42193 (17.1) 0.03 39256 (18.1) 38982 (17.9) <0.01
Depressive disorder 103565 (15.8) 36866 (15.0) 0.02 34285(15.8) 34455 (15.8) <0.01
Renal impairment 39469 (6.0) 19999 (8.1) 0.08 16373 (7.5) 16573 (7.6) <0.01
Rheumatoid arthritis 10504 (1.6) 4611 (1.9) 0.02 4152 (1.9) 4163 (1.9) <0.01
Dementia 8710(1.3) 3784 (1.5) 0.02 3095(1.4) 3286 (1.5) 0.01
Medication used
Antiinflammatory and antirheumatic 325078 (49.4) 134356 (54.6) 0.10 119176 (54.8) 117693 (54.1) 0.01
products
Lipid modifying agents 271699 (41.3) 105902 (43.0) 0.03 98 684 (45.4) 98526 (45.3) <0.01
Antidepressants 228040 (34.7) 82313 (33.4) 0.03 75508 (34.7) 75202 (34.6) <0.01
Antithrombotic agents 201383 (30.6) 89912 (36.5) 0.13 80699 (37.1) 81078 (37.3) <0.01
Immunosuppressants 24361 (3.7) 12322 (5.0) 0.06 10219 (4.7) 10043 (4.6) <0.01
Abbreviations: H,RA, histamine-2 receptor antagonist; SMD, standardized mean ® Participants aged older than 85 years were omitted.
difference. © Medical history was identified based on the coded medical diagnosis within 1year prior
2 To account for the baseline differences between groups, propensity score-based to cohort entry.
matching was performed. The propensity scores were calculated for each database 9 Medication use was identified by reviewing the medication records within 1year prior
independently based on the available demographic characteristics, as well as the to cohort entry. Both Anatomical Therapeutic Chemical class-level and ingredient-level
medical parameters, medication use, procedure exposure history, and baseline drug use were considered to fit the propensity score model. Only class-level balances
laboratory values of each database. Here, we report the aggregated balance before and of drugs before and after PS matching are reported in this table.

after matching only for limited covariates from the three databases. The balanced data
before and after PS adjustment for more than 9000 baseline covariates in each
database are available elsewhere."”
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Supplement 1). The results of the sensitivity analyses with diverse time windows, 3 different PS

adjustments, and additional empirical calibration to assess the robustness of the findings of the
primary outcome analysis are shown in eFigure 7 in Supplement 1. After empirical calibration of the
results, the significant positive associations between ranitidine use and cancer incidence based on
the individual databases for the primary outcome were not maintained.
During treatment analysis revealed a significantly negative association between ranitidine use
and the primary outcome in the AmbEMR database and a positive association in the NHIS-NSC

database. Most results did not exhibit any significant associations after empirical calibration.

Comparison of Risk of Primary Outcome Between Ranitidine
and Individual H,RA Users
Only the results obtained from the analysis of the AmMbEMR database passed the diagnostic criteria
for comparison between ranitidine and cimetidine use. The risk for the primary outcome did not

Figure 3. Risk of All Cancer Except Nonmelanoma Skin Cancer Between Ranitidine and Other H, Receptor Antagonist (H,RA) Users in Meta-Analysis

E Primary analysis

Ranitidine, No. of

Other HRAs, No.

Source events/total No. of events/total No. HR (95% Cl)

AmbEMR 7459/190814 7412/190814 1.00(0.97-1.03)
CuIMC 635/10813 631/10 813 0.97 (0.87-1.08)
SIDIAP 409/3177 353/3177 1.16(1.01-1.34)
NHIS-NSC 1267/12602 1125/12602 1.11(1.02-1.20)
Overall 9770/217 406 9521/217406 1.04(0.97-1.12)

Heterogeneity: 12=67.0%

Subgroup meta-analysis

Ranitidine, No. of

Other HRAs, No.

Source events/total No. of events/total No. HR (95% Cl)
us
AmbEMR 7459/190814 7412/190814 1.00(0.97-1.03)
CuIMC 635/10813 631/10813 0.97 (0.87-1.08)
STARR 149/3294 157/3294 0.94 (0.75-1.17)
Overall 1.00(0.97-1.03)
Heterogeneity: 12=0%
Europe
DA Germany 487/2974 468/2974 1.05(0.93-1.19)
IMRD 59/633 64/633 0.97 (0.68-1.39)
SIDIAP 409/3177 353/3177 1.16(1.01-1.34)
Overall 1.09 (0.99-1.19)
Heterogeneity: 12=0%
Asia
NHIS-NSC 1267/12602 1125/12602 1.11(1.02-1.20)
AUSOM 116/1937 119/1937 0.93(0.72-1.20)
HUMIC 91/1456 78/1456 1.21(0.89-1.64)
KDH 27/909 32/909 0.84 (0.50-1.41)
TMUCDR 53/1761 42/1761 1.23(0.82-1.85)
Overall 1.09(1.02-1.18)
Heterogeneity: 12=0%
Overall 10752/230370 10481/230370 1.03 (0.99-1.08)

Heterogeneity: 12=23.2%

Residual heterogeneity: 12=0.0%

Favors : Favors
ranitidine : other HRAs

=
——
-

.

E

0.5

1
HR (95% CI)

Favors @ Favors
ranitidine : other HRAs

=

<>

0.5

1
HR (95% CI)

The summary hazard ratios were calculated using a random-effects model. A, Meta-
analysis of results passing diagnostics (primary analysis). B, subgroup meta-analysis for
primary outcome using results from all available data sources based on geographic
region. Size of the data marker indicates the weight of the study; error bars, 95% Cls.
AmbEMR indicates IQVIA US Ambulatory Electronic Medical Research; AUSOM, Ajou
University School of Medicine; CUIMC, Columbia University Irving Medical Center data

warehouse; DA Germany, IQVIA Disease Analyzer Germany; HUMIC, Hanyang University
Medical Center; IMRD, UK's IQVIA Medical Research Data; KDH, Kandong Sacred Heart

Hospital; NHIS-NSC, Korean National Health Insurance System-National Sample Cohort;
SIDIAP, The Information System for Research in Primary Care; STARR, Stanford
University database warehouse; TMUCRD, Taipei Medical University Clinical Research

Database.
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increase among ranitidine users compared with that among cimetidine users (HR, 1.02; 95% Cl, 0.93-
1.12) (eFigure 8 in Supplement 1). No significant difference was observed in the risk of the primary
outcome between ranitidine and famotidine users (HR, 1.02; 95% Cl, 0.98-1.06) and between
ranitidine and nizatidine users (HR, 1.05; 95% Cl, 0.94-1.17).

Discussion

This cohort study found no consistent association of ranitidine use with cancer risk compared with
use of other H,RAs. To our knowledge, this is the first international multidatabase study and the
largest and most comprehensive analysis of the association between ranitidine use and cancer risk,
including more than 900 00O users of ranitidine and more than 270 000 users of active
comparators from the US, Europe, and Asia. Ranitidine users were compared with a large set of active
comparators (H,RAs other than ranitidine as a group and individual H,RAs, including cimetidine,
famotidine, lafutidine, nizatidine, and roxatidine), and the analyses elucidated robust findings using
various statistical approaches (ITT vs during treatment, with or without lag period; 1:1, variable-ratio
PS matching, or PS stratification), multiple cancer types, and composite outcomes.

Although ranitidine use was not associated with increased cancer risk in the meta-analysis, the
results from South Korean and Spanish administrative data sources or the meta-analysis from Asia
demonstrated an increase in cancer risk (<20%) in the ranitidine group compared with the other
H,RAs group. This inconsistency in the results prevented us from ruling out a potential association
between ranitidine use and cancer development, particularly in certain ethnic groups or health care
systems. Nonetheless, the positive associations between ranitidine use and cancer incidence did not
exist after empirical calibration was done to address systematic bias or after diverse sensitivity
analyses with diverse balancing methods or time windows.

Table 2. Cancer Risks for Ranitidine Users Compared With Other H, Receptor Antagonist (H,RA) Users

Incidence, events per 1000 PYs HR (95% Cl)

Corrected
Outcomes Ranitidine Other H,RAs Uncalibrated Calibrated® Raw P value P value®
All cancers excluding nonmelanoma skin 15.92 15.65 1.04 (0.97-1.12) 1.02 (0.94-1.10)
cancer
All cancers 18.11 17.82 1.04 (0.97-1.13) 1.02 (0.94-1.10) .24 >.99
All cancers, excluding thyroid cancer 17.74 17.44 1.05(0.97-1.12) 1.02 (0.94-1.10) 21 >.99
Breast cancer 1.85 2.01 0.84 (0.69-1.02) 0.82 (0.67-0.99) .08 >.99
Prostate cancer 1.83 1.87 0.98 (0.90-1.07) 0.96 (0.87-1.05) .68 >.99
Lung cancer 1.45 1.36 1.07 (0.97-1.17) 1.04 (0.94-1.14) 17 >.99
Colorectal cancer 1.12 1.11 1.00 (0.90-1.11) 0.97 (0.87-1.08) .95 >.99
Bladder cancer 0.59 0.59 0.89 (0.68-1.16) 0.87 (0.66-1.13) 40 >.99
Liver cancer 0.59 0.58 1.00 (0.86-1.15) 0.97 (0.84-1.12) .95 >.99
Leukemia 0.52 0.54 1.12(0.77-1.63) 1.09 (0.75-1.59) .56 >.99
Pancreatic cancer 0.50 0.51 0.97 (0.79-1.18) 0.94 (0.77-1.15) .75 >.99
Stomach cancer 0.37 0.29 1.17 (0.88-1.54) 1.13 (0.86-1.50) .28 >.99
Lip, oral cavity, and pharynx cancer 0.27 0.28 1.00(0.76-1.33) 0.98 (0.74-1.30) .97 >.99
Thyroid cancer <0.44¢ <0.44¢ 1.01(0.85-1.19) 0.98 (0.83-1.16) .93 >.99
Corpus uteri cancer <0.34¢ 0.28 1.20(0.95-1.52) 1.17 (0.92-1.48) 13 >.99
Ovary cancer <0.26°¢ <0.21¢ 1.26 (1.00-1.58) 1.22(0.97-1.54) .05 .88
Esophageal cancer <0.16¢ 0.15 1.08 (0.82-1.43) 1.05(0.79-1.40) .59 >.99
Gallbladder and biliary tract cancer <0.16¢ 0.14 1.14 (0.86-1.53) 1.11 (0.83-1.49) .36 >.99
Cervix uteri cancer <0.11°¢ <0.13¢ 0.88 (0.64-1.22) 0.86 (0.62-1.19) 45 >.99

Abbreviations: HR, hazard ratio; PY, person-year.

2 HRs and 95% Cls were empirically calibrated based on the results from the negative control outcome to address systematic bias.

b pvalues were adjusted using the Bonferroni correction for multiple comparisons. The Bonferroni-corrected P value for multiple comparisons was not calculated for a single

primary outcome.

< If the number of outcomes was less than the prespecified minimum count (n = 5), the exact number was masked before aggregation to minimize the reidentification risk of a patient.
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Dietary NDMA intake has been reported to be associated with an increased risk of
gastrointestinal cancer, especially rectal cancer, in a prospective cohort study.? In our large-scale
multinational study, ranitidine use was not associated with an increased risk of esophageal, stomach,
or colorectal cancers or the other 13 subtypes of cancer. These findings were also consistent with the
results of 2 previous studies conducted in South Korea and the UK.9'° They reported that ranitidine
use was not associated with increased overall cancer risk compared with famotidine'® or omeprazole
use.® Although these studies have performed investigations similar to the current one, they were all
limited by small sample sizes, short follow-up duration, and unmeasured bias due to limited covariate
adjustments.

The observed lack of significant association between ranitidine use and cancer risk may be due
to low levels of NDMA in ranitidine products. Although a large amount of NDMA would be harmful,
NDMA levels in ranitidine found in preliminary tests conducted by the FDA barely exceeded the
amount found in common foods.* The results of 2 recent FDA studies?*2° support our findings. In
vitro analyses revealed that ranitidine is not converted to NDMA in the gastric fluid under
physiological conditions.2® Additionally, the oral administration of ranitidine did not increase the
24-hour urinary excretion of NDMA in healthy individuals.?” Similar levels of NDMA contamination
were previously found in valsartan. In 2018, before the issue of NDMA-contaminated ranitidine was
raised, the EMA announced that some valsartan products were contaminated with NDMA, & and
certain batches were recalled by many countries. A Danish nationwide cohort study found no
association of NDMA-exposed valsartan use with incident cancer.®

Our study had several strengths. First, we included a large sample size of more than 1000 000
participants from multiple countries and different data sources, thereby minimizing the risk of
database-specific confounding and bias. Second, the use of active comparators and new user cohorts
is an additional strength of this study. Third, robust methods were used to account for the
confounding factors, including large-scale PS matching using several covariates. Fourth, the impact
of unmeasured confounders and systematic errors was measured and reduced using negative control
outcomes and empirical calibration, respectively. Fifth, the follow-up duration was relatively short.
However, targeting only long-term or heavy users of H,RAs may lead to immortal and inevitable time
bias.?° Furthermore, based on the results from the during treatment setting pertaining to only active
drug users during follow-up, the risk for cancer did not differ between ranitidine and other H,RA
users. Sixth, transparent distributed network analyses were performed following a predefined
registered protocol, and all analytical codes were made publicly available under open science
principles. This allows independent researchers to review our codes and replicate our findings.
Additionally, these standardized analyses will allow rapid reanalysis involving the same or even more
institutes once long-term follow-up data are available.

Limitations

This study has several limitations. First, ranitidine use was determined based on the prescription or
dispensation data rather than the data on actual use, including potential over-the-counter purchases.
This could lead to information bias.3° However, a prospective study on ranitidine is no longer feasible
since this drug has already been withdrawn from most markets worldwide. To evaluate the risk of
cancer in individuals who have been exposed to ranitidine, a large-scale, retrospective, multinational
cohort study is recognized as the criterion standard based on regulatory guidelines.' Second, our
study could not measure the NDMA levels derived from dietary sources, which may be a confounder
or an effect modifier. The amount of NDMA in dietary sources varies depending on the geographic
region and related dietary factors.32 However, our study included many participants from 3 different
continents. Therefore, potential bias due to the unmeasured level of NDMA from dietary sources
may be minimal, although existence of unmeasured confounder cannot be entirely excluded. Third,
although this is the largest study to compare cancer risk between ranitidine users and active
comparators to our knowledge, it may not be large enough to identify the subtle differences in
cancer risk. Moreover, the EMA concluded that a 7-year daily intake of NDMA-contaminated valsartan
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may cause 1additional case of cancer over the lifetime of 5000 people.>® The FDA had a similar
conclusion (ie, a 4-year daily intake of NDMA-contaminated valsartan may cause 1additional case of
cancer over the lifetime of 8000 people).>* Fourth, the study period was relatively short and may
underestimate the cancer risk associated with the longer-term use of ranitidine. Hence, future
studies should perform a long-term follow-up. Fifth, the operational definition of cancer using
diagnostic codes may introduce potential misclassification bias, although previous validation studies

have shown generally consistent recording of cancer diagnoses.3>3°

Conclusion

The findings of this large international new-user active comparator cohort study found that despite
known NDMA contamination in ranitidine, there was no statistically significant evidence that
exposure to this drug was associated with increased risk of cancer. These findings do not support
proactive cancer screening or surveillance among individuals previously exposed to ranitidine, and
they may provide reassurance to previous ranitidine users. Nonetheless, further studies with longer
follow-up periods are required to confirm these findings.
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