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ABSTRACT
Background: Following the mass recall of valsartan products with nitrosamine impurities in July 2018, the number of patients 
exposed to these products, the duration of exposure, and the potential for cancer remains unknown. Therefore, we assessed the 
extent and duration of use of valsartan products with a nitrosamine impurity in the United States, Canada, and Denmark.
Methods: We conducted a retrospective cohort study using administrative healthcare data from the US FDA Sentinel System, 
four Canadian provinces that contribute to the Canadian Network for Observational Drug Effect Studies (CNODES), and the 
Danish National Prescription Registry. Patients, 18 years and older between May 2012 and December 2020 with a valsartan 
dispensing were identified in each database. Patients were followed from the date of valsartan dispensing until discontinuation. 
We defined four valsartan exposure categories based on nitrosamine impurity status; recalled generic products with confirmed 
NDMA/NDEA levels (recalled- tested); recalled generic products that were not tested (recalled); non- recalled generic and non- 
recalled branded products. In Denmark, the recalled- tested category was not included due to absence of testing data. The propor-
tion and duration of use of valsartan episodes stratified by nitrosamine- impurity status was calculated.
Results: We identified 3.3 and 2.8 million (United States) and 51.3 and 229 thousand (Canada) recalled- tested and recalled val-
sartan exposures. In Denmark, where valsartan exposure was generally low, there were 10 747 recalled exposures. Immediately 
after the recall notices were issued, there was increased rates of switching to a non- valsartan ARB. The mean duration of use 
of the recalled- tested products was 167 (±223.1) and 146 (±255.8) days in the United States and Canada respectively. For the 
recalled products, mean cumulative duration of use was 178 (±249.6), 269 (±397.3) and 166 (±251.0) days in the United States, 
Canada, and Denmark, respectively.
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Conclusion: In this cohort study, despite widespread use of recalled generic valsartan between 2012 and 2018, the duration of 
use was relatively short and probably did not pose an elevated risk of nitrosamine- induced cancer. However, since products with 
nitrosamine impurity could have been on the market over a 6- year period, patients exposed to these products for longer durations 
could have a potentially different risk of cancer.

1   |   Introduction

The mass recall of valsartan products with nitrosamine impu-
rities in July 2018 prompted a series of investigations into the 
etiology and level of nitrosamine impurities, and the potential 
for cancer risk. Regulatory agencies quickly learned that the 
presence of N- nitrosodimethylamine (NDMA) and N- nitroso- 
diethylamine (NDEA) impurities in some valsartan products oc-
curred as far back as 2012 [1– 4] due to a change in manufacturing 
processes. Our previous study [5] investigated trends in valsar-
tan and other ARB use and found that the first recall notice for 
valsartan resulted in a substantial decline in use due to increased 
switching to other ARBs. However, the extent of exposure to val-
sartan products with nitrosamine impurities before the recall, 
and the associated potential cancer risk remains unknown. In 
October 2018, regulatory agencies published test results showing 
NDMA levels in recalled valsartan products exceeded safe levels 
[6, 7]. The results were subsequently updated in February 2019 
with the NDEA levels. For reference, consuming up to 0.096 
micrograms (mcg) of NDMA or 0.0265 mcg of NDEA per day is 
considered reasonably safe for human ingestion based on life-
time exposure. The highest NDMA levels were between 14 and 
20 mcg, while the highest NDEA levels were between 1.1 and 
1.3 mcg. Since cancer risk is dependent on both dose and years 
of exposure, it was determined that if 8000 patients took the 
maximum recommended daily dose (320 mg daily) of valsartan 
containing NDMA at levels of 96 ng/day (0.096 mcg) and 18 000 
people took the highest dose of valsartan containing NDEA at 
levels of 26.5 ng/day (or 0.0265 mcg/day) for 4 years, there may be 
only one additional cancer case [7]. This study examined the ex-
tent and duration of use of valsartan products with nitrosamine 
impurities and estimated the potential for cancer based on the 
observed duration of use of these products in the United States, 
Canada, and Denmark.

2   |   Methods

A retrospective cohort study was conducted between January 1, 
2012, through December 31, 2020, using data from six data part-
ners that contribute data to the US FDA Sentinel System, data 
from four Canadian provinces that contribute to the Canadian 
Network for Observational Drug Effect Studies (CNODES), and 
the Danish National Prescription Registry. The FDA's Sentinel 
system includes data on medical encounters (inpatient and out-
patient diagnoses and procedures) and outpatient pharmacy 
claims data (retail and mail order filled prescriptions) accrued 
during health plan enrollment periods. These data are routinely 
quality- assured and transformed into the Sentinel Common 
Data Model to facilitate queries [8]. Additional descriptions of 
data sources are provided in Supplement A in Data S1.

We included patients aged 18 years and older with at least one 
valsartan dispensing during the study period, between January 
2012 and December 2020 for the United States and Canada and 
between January 2012 and May 2020 for Denmark. Four val-
sartan exposure categories were defined based on valsartan 
impurity status; recalled products with a laboratory test result 
confirming the presence of NDMA/NDEA based on FDA and 
Health Canada analyses (recalled- tested); recalled products that 
were not tested (recalled); non- recalled generic and non- recalled 
branded valsartan- containing products (Diovan, Entresto, 
Exforge and Sandoz- Valsartan). In Denmark, we did not have 
access to NDMA/NDEA testing data, hence valsartan prod-
ucts were categorized into recalled, non- recalled generic and 
non- recalled branded categories. The algorithms for exposure 
definitions are presented in Supplement B in Data S1. Valsartan 
exposure episodes were created by summing the number of days 
dispensed with a gap of 30 days or less for the respective expo-
sure category. Patients were followed until they discontinued 
the product, switched to another valsartan exposure category 
or a different angiotensin receptor blocker (ARB), disenrollment 
from their health insurance, death, or study end date. A patient 
was identified as having switched when there was a new dis-
pensing for another valsartan exposure category or different 
ARB after the prior valsartan episode ended. We calculated the 
proportion of valsartan episodes as the number of valsartan ep-
isodes in each exposure category divided by the total valsartan 
episodes each quarter per year. We also calculated the rate of 
switching, defined as the number of valsartan episodes for each 
exposure category that ended in a switch, divided by the total 
valsartan episodes each quarter per year. Lastly, we estimated 
the length of episode duration by calculating mean, median and 
quartiles (lowest and highest median, 25th and 75th percen-
tile recorded across the data partners) between May 2012 and 
December 2018 (period when we assumed valsartan products 
with NDMA/NDEA impurity were on the market) for each re-
call category. All source data were transformed into the Sentinel 
common data model [9], and analyzed using Sentinel's Query 

Summary

• Our retrospective study examined the proportion and 
duration of exposure to potentially carcinogenic val-
sartan products containing nitrosamine impurities, 
between 2012 and 2018.

• We found that approximately 70% of valsartan treat-
ment episodes included products containing ni-
trosamine impurities, however, the average duration 
of exposure was around 4 months in the United States 
and Denmark and around 8 months in Canada.

• The short duration of exposure to valsartan products 
containing nitrosamine impurities was probably un-
likely to increase risk of gastrointestinal and liver 
cancers.
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Request Program v10.1.1 with custom coding, allowing for the 
deployment of a common analytical program in all countries.

This study conducted in the FDA's Sentinel System is a public 
health surveillance activity conducted under the authority of the 
FDA and, accordingly, is not subject to Institutional Review 
Board oversight [9– 11]. This study followed the Strengthening 
the Reporting of Observational Studies in Epidemiology 
(STROBE; http://www.equat or- netwo rk.org/repor ting- guide 
lines/ strob e/) reporting guideline.

3   |   Results

During the study period (May 2012- Decemeber 2020), we 
identified 7 925 941; 442 189 and 16 260 valsartan episodes in 
the United States, Canada, and Denmark. The distribution 
of valsartan use by exposure category during the study pe-
riod for all three countries is presented in Table 1. Exposure 
to both recalled- tested and recalled products was extensive in 
the United States and Canada. We identified 3.3 (41.6%) and 
2.8 (35.7%) million recalled- tested and recalled valsartan ex-
posure episodes in the US Sentinel System and 51 315 (11.6%) 
and 291 229 (65.9%) recalled- tested and recalled episodes in the 
Canadian database. In Denmark, the proportion of recalled 
valsartan exposure was high; 10 747 (66.1%) recalled episodes 
were identified. Exposure to non- recalled generic and non- 
recalled branded valsartan products was comparable to expo-
sure to the recalled products, for all three countries. Around 3.3 
(41.5%) and 3.2 (40%) million non- recalled generic and branded 
episodes, respectively, were identified in Sentinel, while 35 978 
(8.1%) and 215 999 (48.8%) episodes for non- recalled generic 
and branded were identified in the Canadian database. In 
Denmark, 9395 (57.8%) and 7632 (46.9%) non- recalled generic 
and branded valsartan episodes were identified (Table 1).

3.1   |   Trends in Valsartan Use

The trends in valsartan use, stratified by valsartan impurity sta-
tus for the United States, Canada and Denmark are presented in 
Figures 1– 3.

3.1.1   |   United States

In the United States, between 2012 and 2015, we observed a 
steady decline in use of valsartan branded episodes, along with 
a corresponding increase in the share of the generic (recalled- 
tested, recalled and non- recalled) products (Figure  1). 
Recalled- tested products had the largest share of the generic 
valsartan market in 2012; however, between 2014 and 2015, 
both non- recalled and recalled valsartan products had equal 
share of the market (Figure  1). Between the third calendar 
quarter (Q3: July– September) of 2016 and Q3- 2018, recalled- 
tested valsartan products had the largest market share of val-
sartan products, followed by the recalled products. From Q3 
to Q4 (October– December) 2018, there was a steep drop (from 
46.0% to 13.9%) in the proportion of recalled- tested valsartan 
products used. The decline in use of recalled products started 
from Q1 (January– March) 2019.

3.1.2   |   Canada

In Canada, recalled products were the most dispensed valsartan 
products, followed by non- recalled branded products (Figure 2). 
Between Q3-  and Q4- 2018, there was a steep drop in the pro-
portion of recalled products being used (from 90% in Q2 (April– 
May) 2018 to 2.6% in Q4- 2018); while the trends for non- recalled 
branded products remained unaffected. Use of recalled- tested and 
non- recalled generic products was low during the study period.

3.1.3   |   Denmark

In Denmark, recalled products were the most dispensed val-
sartan products (Figure 3). Decline in the use of these products 
beginning in 2017 coincided with the steady increase in non- 
recalled branded products. When the recall notice was issued 
(Q3- 2018), there was a steep decline from 41% (Q2- 2018) to 13% 
(Q4- 2018) in recalled products, whereas the proportion of non- 
recalled branded products increased from 45% to 56% around 
the same time.

3.2   |   Duration of Valsartan Episodes

The duration of valsartan exposure episodes, stratified by 
valsartan- impurity status for the three countries, is presented in 
Table 2. The mean duration of use of the recalled- tested products 
was 166.9 (±223.1) and 145.5 (±255.8) days in the United States 
and Canada. The 75th percentile ranged from 60 to 222 days for the 
United States and 139– 192 days for Canada. For the recalled prod-
ucts, mean duration of use was 178.3 (±249.6), 269.0 (±397.3) and 
166 (±251.0) days for the United States, Canada, and Denmark. 
The 75th percentile range was 60– 230, 315– 407 and 181 days for 
the United States, Canada, and Denmark. The mean duration of 
use for the non- recalled generic products appeared comparable to 
mean duration for recalled- tested (United States, Canada) and re-
called products (Denmark). In Canada (319.2 (±489.1) days) and 
Denmark (321.6 (±376.2) days), the mean duration of use of the 
non- recalled branded products was much longer compared to the 
duration of use in the United States (167.7 (±228.0) days).

3.3   |   Valsartan Switching Patterns

In the United States and Canada, we observed relatively stable 
switching patterns for both recalled- tested and recalled prod-
ucts prior to Q2- 2018 (Figures S1 and S3). In Q2- 2018, there 
was an immediate increase in the switching between valsartan 
exposure categories and to a non- valsartan ARB. In Denmark, 
a similar increase in switching was also observed in Q2- 2018; 
however, there was frequent switching from recalled products 
to non- recalled valsartan products (Figure  S5). Interestingly, 
in Q2- 2018, there was increased switching from non- recalled 
valsartan products to a non- valsartan ARB in the United States 
and Canada (Figures  S2 and S4). In Canada, switching from 
branded valsartan to a non- valsartan ARB increased in Q2- 2018 
(Figure S4), but this trend was not observed in the other coun-
tries. In Denmark, switching from the non- recalled generic and 
branded products to recalled products prior to Q2- 2018 was fre-
quent. After Q2- 2018, switching rates diminished.
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4   |   Discussion

Our findings suggest that many patients received valsartan 
products with nitrosamine impurities at time when there was no 
knowledge of the nitrosamine impurities. In all three countries, 
recalled- tested and recalled valsartan products had the largest 
share of the valsartan market. Despite widespread use of valsar-
tan with nitrosamine impurities, duration of use was typically 
very short. The mean duration of use was around 4 months in 
the United States and Denmark. In Canada, the mean duration 
of use was slightly longer, at about 8 months. Further, about 75% 
of the affected valsartan episodes were not longer than 8 months 
in the United States and Denmark and 12 months in Canada. 
This translates to a maximum duration of exposure of 1.5% 
[12 months out of 840 months (70 years)] of the lifetime expo-
sure for most cancer risk assessments. Our study also revealed 
that despite availability of non- recalled valsartan products, the 
preference was to switch to non- valsartan ARBs after the recall 
notices were issued in July 2018.

Nitrosamines, NDMA and NDEA are classified as probable 
carcinogens for humans, given the limited evidence of car-
cinogenicity in humans but established evidence in animal 
studies. NDMA and NDEA are suspected to have both local 
and systemic carcinogenic potential following activation to 
diazonium ions (methyldiazonium, ethlydiazonium) [12]. 
These diazonium ions are precursors of reactive electrophilic 
carbenium ions, which directly react with DNA to form sta-
ble adducts (a segment of the DNA bound to a carcinogenic 
chemical). Adducts that are not removed by the cell can cause 
mutations that may give rise to cancer [13]. It is expected that 
chronic exposure to nitrosamines is necessary for carcino-
genesis [14] and studies on dietary exposure to nitrosamines 

suggest increasing risk of gastric cancer with increased 
NDMA exposure [15]. With regards to types of cancers, the 
EMA's ad- hoc expert group on nitrosamine impurities in 
human medicinal products [14] concluded that the liver may 
be the most impacted organ due to activation of nitrosamines 
during first pass hepatic metabolism. Activated nitrosamines 
are very reactive and are unlikely to be released into the circu-
lation. However, many other sites, including the gastrointes-
tinal tract, are metabolically competent and can also activate 
nitrosamines [16, 17]. Based on the findings of previous FDA 
investigations, [14] and the duration of exposure found in 
our study, an increased risk of liver or gastrointestinal can-
cers from the nitrosamine impurities is probably unlikely. An 
observational study conducted to examine short term risk of 
these cancers also found no increased risk with exposure to 
valsartan products [18].

Our study has several strengths. It is the first observational 
study to date to characterize the extent of exposure to valsar-
tan products with nitrosamine impurities in three countries. It 
covers the entire period when the valsartan products with ni-
trosamine impurities were in circulation, allowing for the com-
plete capture of nitrosamine exposure from valsartan products 
described within the study databases.

5   |   Limitations

Within the recalled- tested products, it was likely that all prod-
ucts lots for the assigned NDC were affected. However, for the 
recalled products, only selected lots on the recalled list were af-
fected by the contamination. For recalled products, our exposure 
algorithm was unable to identify specific affected lots. Thus, the 

FIGURE 1    |    Trends in valsartan use stratified by nitrosamine impurity status in the United States. The solid lines represent valsartan use while 
the products with nitrosamine impurities were on the market; the dotted lines represent use when the products with nitrosamine impurities were 
assumed to be removed from the market (Jan 2019 to Dec 2020). For recalled products, use after 2019 reflects production without nitrosamine 
impurities.
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FIGURE 2    |    Trends in valsartan use stratified by nitrosamine impurity status in Canada. The solid lines represent valsartan use while the products 
with nitrosamine impurities were on the market; the dotted lines represent use when the products with nitrosamine impurities were assumed to be 
removed from the market (Jan 2019 to Dec 2020). For recalled products, use after 2019 reflects production without nitrosamine impurities.
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FIGURE 3    |    Trends in valsartan use stratified by nitrosamine impurity status in Denmark. The solid lines represent valsartan use while the 
products with nitrosamine impurities were on the market; the dotted lines represent use when the products with nitrosamine impurities were 
assumed to be removed from the market (Jan 2019 to Dec 2020).
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proportion of recalled valsartan episodes may be overestimated. 
We were also unable to identify a date when all valsartan prod-
ucts with nitrosamine impurities were no longer on the market. 
To estimate exposure, we assumed that valsartan products with 
nitrosamine impurities were no longer on market by December 
2018, but we acknowledge that this may not have been the case 
across all regions. Another limitation relates to potential addi-
tional contamination exposure from switching to non- valsartan 
ARBs that were affected prior to issuance of the recall notices. It 
is possible that prior to the recall dates valsartan users switched 
to other affected ARBs and could have had additional exposure 
to nitrosamine impurities. However, we were unable to evaluate 
this possibility as the date of first introduction of the nitrosa-
mine impurities for the other ARBs was not well characterized 
at the time of the analysis. We acknowledge that there could be 
other sources of nitrosamine exposure from water and food, 
which may also affect cancer risk, and these were not considered 
in this study. The use of dispensing claims data means that pa-
tients filled their prescriptions, though actual drug consumption 
cannot be confirmed. Lastly, our findings may not be generaliz-
able to countries not represented in our study.

6   |   Conclusion

Between 2012 and 2018, recalled generic valsartan products had 
the largest share of the valsartan market in the United States, 
Canada, and Denmark. Despite widespread use, the duration 
of use of recalled products was relatively short and probably 
does not pose an elevated risk of nitrosamine- induced cancer. 
However, since products with nitrosamine impurity could have 
been on the market over a 6- year period, patients potentially ex-
posed to these products for longer durations could have a poten-
tially different risk of cancer.

6.1   |   Plain Language Summary

Regulatory agencies learnt of potential carcinogenic impurities 
in some valsartan products. This led to a mass recall of valsar-
tan products with nitrosamine impurities in July, 2018. Though, 
the affected products are no longer available, the proportion of 
patients who were treated with the affected products and dura-
tion of use of these products was not known. We conducted a 
study to evaluate the proportion of exposures and the duration 
of exposures using data from the United States, Denmark, and 
Canada. We observed that approximately 70% of exposures in-
cluded products that contained nitrosamine impurities but the 
duration of the affected exposures was around 4 months in the 
United States and Denmark and around 8 months in Canada. 
Based on these findings, we do not expect that use of valsartan 
products containing nitrosamine impurities will have increased 
4 risk of gastrointestinal and liver cancers.
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