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Abstract
In 2019, The US Food and Drug Administration (FDA) found unacceptable levels of the probable carcinogen, N-nitrosodimethylamine (NMDA), in ranitidine, the most popular histamine-2 receptor antagonists (H2RA). Although the FDA determined ranitidine does not form NMDA in typical stomach condition and the level of NMDA in ranitidine is still low in the test, the association between H2RAs and incidence of cancer has not been evaluated in the real world. We aimed to compare the incidence of cancers between users of ranitidine and users of other H2RAs. Here, we showed the preliminary result of the study. 
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Introduction
Ranitidine is a histamine H2-receptor antagonist (H2RAs) commonly have been used to treat gastroesophageal reflux disease and peptic ulcer disease and it was top over-the-counter H2RA brand in the USA in 2013. Recent study confirmed that oral intake of ranitidine increases urinary excretion of N-nitrosodimethylamine (NDMA) by nitrosation of ranitidine under stomach-relevant pH conditions in vitro, and the potential cancer risk from ranitidine was suggested.1 
In 2019, The US Food and Drug Administration (FDA) has asked doctors and patients to withdraw all ranitidine products from the market as of September 2019, after low levels of the probable human carcinogen NDMA were detected.2 NDMA is known as one of the most potent animal carcinogens and has been shown to be a potent carcinogen across all species that have been investigated.3-7 Hence, the International Agency for Research on Cancer has classified NDMA as “probably carcinogenic to humans” (group 2A). 
Even though there have been several studies regarding association between NDMA exposure and risk of cancer,5, 8-12 real-world evidence of cancer risk in relation with ranitidine is scarce. Recent Danish nationwide cohort study found that NDMA exposure in contaminated valsartan was not associated with increased risk of cancer.5 It means that the real-world evidence could be uncertain. Thus, this multinational large-cohort study aimed to identify whether ranitidine has higher cancer risk compared with other H2RAs.
Methods
This study is an observational, comparative cohort study based on the Observational Medical Outcome Partnership (OMOP) Common Data Model (CDM). We compared the incidence of cancer between ranitidine and other H2RAs including famotidine, roxatidine, and lafutidine. We identified eligible patients who started to use the H2RA longer than 30 days. Primary outcome is overall cancer except non-melanoma skin cancer. Secondary outcomes include overall cancer, overall cancer except thyroid cancer, 16 types of cancer, and cancer mortality. 
The analytic software package and the detailed analytic plan are available at github (https://github.com/ohdsi-studies/RanitidineCancerRisk). Since the study has not been completed yet, we reported only cohort sizes and incidence rates of primary outcome without statistical judgement. 
Results
In comparison between ranitidine vs cimetidine for incident cancer except non-melanoma skin cancer, we identified 34,598 and 135,155 patients in each cohort. The median on-treatment durations were 391 and 754 days in ranitidine and cimetidine cohort, respectively. The total duration of follow-up until the drug cessation or switching H2RAs were 57,434 and 383,536 person-years in ranitidine and cimetidine, respectively. The blinded results from feasibility test in NHIS-NSC are also present in https://data.ohdsi.org/RanitidineCancerRisk/. 

Table 1. Patient cohort sizes, median follow-up duration, incidence rate of cancers except thyroid cancer, and MDRR under intent-to-treat analysis with 1-year blanking period
	Target
	Comparator
	Number of subjects, n
	Median follow-up 
duration, days
	Incidence rate,
 per 1000 PY
	MDRR

	
	
	T
	C
	 T 
	 C 
	T
	C
	

	Ranitidine
	Cimetidine
	     30,079 
	   125,210 
	     1,231 
	     1,919 
	6.72
	5.37
	1.11

	
	Famotidine
	     33,331 
	     12,946 
	     1,181 
	     1,733 
	6.65
	6.46
	1.19

	
	Roxatidine
	     33,809 
	      1,882 
	     1,177 
	     1,207 
	6.68
	5.94
	1.51

	
	Nizatidine
	     33,612 
	      8,431 
	     1,181 
	     1,238 
	6.65
	7.11
	1.24

	Nizatidine
	Cimetidine
	      7,761 
	   126,318 
	     1,284 
	     1,912 
	6.95
	5.39
	1.22

	
	Famotidine
	      8,635 
	     13,224 
	     1,229 
	     1,715 
	7.13
	6.56
	1.25

	
	Roxatidine
	      8,746 
	      1,935 
	     1,218 
	     1,189 
	7.25
	5.95
	1.53

	
	Ranitidine
	      8,431 
	     33,612 
	     1,238 
	     1,181 
	7.11
	6.65
	1.24


PY, person-year; MDRR, Minimum detectable relative risk
Conclusion
We evaluated the size of cohorts in each comparison, follow-up duration, number of outcome events, event incidence, and minimum detectable relative risk, balance of covariates, results for negative controls for the planned study design. These results from feasibility test informed us about follow-up duration of cohorts and incidence patterns in the database. 
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