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The causes of cancer are manifold. About one quarter to one
third of cancers, depending on the specific tumor and popula-
tion, are caused by infectious agents, while a smaller fraction
can be attributed to genetic predisposition. A larger number
(perhaps 50% or more) arise from environmental and behav-
ioral causes, such as smoking, alcohol, dietary factors, obesity,
and pollution. In modern society, where innovation through
chemistry leads to exposure to a broad range of new
chemicals and drugs, chemical carcinogenesis is a concern.
Recent announcements of withdrawal of the commonly used
medications, ranitidine and valsartan, from the market due to
contamination with the carcinogen N-nitrosodimethylamine
(NDMA) have raised questions about the safety of these phar-
maceuticals. This commentary will review the sources and
properties of NDMA, assess the dangers it poses as a contam-
inant in foods and medicines, and suggest measures to miti-
gate contamination by such products.

NITROSOAMINES AS CARCINOGENS

The alert about NDMA contamination arose from the dis-
covery of this carcinogen in several members of the sartan
class of antihypertensives and similar findings of NDMA in
ranitidine and related acid pump inhibitors. NDMA and
other nitrosoamines are found ubiquitously in outdoor air,
water, and soil in minor amounts. They are formed by the
chemical interaction of a substituted (secondary or tertiary)
amine and an oxidizing agent, usually a nitrite. Their chemi-
cal structure and the relevant reaction sequence are shown
in Figure 1. In foods, the nitrosating agent responsible for
forming NDMA is usually nitrous anhydride, which arises
from a nitrite in acidic aqueous solution, as in the stomach
[1]. Beer, cured meats such as bacon or sausage, and even
water contain nitrosoamines in small amounts. Tobacco
(either smoke or smokeless) contains nitrosoamines [2, 3].
Many different nitrosoamines have been evaluated for car-
cinogenic activity, with positive findings in many animal

species, as they induce tumors in the liver, kidney, and
respiratory tract [4, 5]. Three nitrosoamines cause hepato-
cellular carcinoma (HCC) and other solid tumors in non-
human primates. NDMA, the specific contaminant discovered
in the medications, produced cancer in a number of experi-
mental animal species and caused cirrhosis and hyperplastic
nodules in monkeys, but not hepatocellular cancer [5–7]. On
the basis of this evidence, nitrosoamines, including NDMA,
have been classified as probable carcinogens in humans [8].

The mechanism of nitrosoamine carcinogenicity appears
to be through its metabolic activation and covalent interac-
tion with DNA, causing promutagenic DNA adducts. Struc-
tural and functional integrity can be restored to damaged
DNA by various DNA repair processes, but if these fail or
are overwhelmed by high exposures and adducts persist
through a cycle of DNA replication, point mutations at criti-
cal sites in DNA may result.

THE PRESENCE OF NDMA IN MEDICATIONS

Estimates suggest that the average intake of the volatile
nitrosoamines (including NDMA) from food sources is about
1 microgram per day. The Food and Drug Administration
has identified 96 nanograms per day as the upper limit of
safe daily ingestion from medicines.

Recent discoveries of NDMA in sartans and ranitidine have
raised concerns of a potential risk for people taking these
common medications. In 2018, the European Medicines
Agency (EMA) called attention to valsartan contaminated by
NDMA, as manufactured by Zhejiang Huahai Pharmaceuticals
in China, leading to a recall of this medication in European
Union (EU) countries [9]. In 2018, the FDA announced a
voluntary recall of several valsartan products, manufactured
by Zhejiang Huahai Pharmaceutical Co. Ltd. in China, and
the same product made by Mylan Pharmaceuticals in India
[10, 11]. Other sartans (candesartan, irbesartan, losartan, and
olmesartan [12]) were found to contain, or were likely to
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contain, nitrosoamines, as the sartans all possess a tetrazole
ring formed chemically through a nitrite reaction with amines.
While manufacturing processes and products are evaluated by
the FDA before the final products are accepted for marketing,
it is noteworthy that approximately 40% of finished medica-
tions in the U.S. are manufactured in overseas facilities, and
approximately 80% of ingredients in medications finished in
the U.S. come from abroad, principally from China and India,
where FDA oversight of quality controls is challenging. The
nitrosoamine contaminants in sartans likely arose as a result
of a change in the manufacturing process in recent years [12],
although formation of the toxic product could also result from
contamination during any stage of drug production or use.

Of additional concern, in 2019, the Valisure pharmacy
reported that ranitidine (the over-the-counter brand
Zantac) and a related product, nizatidine, both used to
counter gastric hyperacidity and reflux, contained unaccept-
able amounts of NDMA [13, 14]. Their report suggested
that spontaneous breakdown of the ranitidine molecule
could yield dimethylamine and nitrites, leading to NDMA
formation. The amounts of NDMA in ranitidine, as tested by
the FDA, if ingested as prescribed on a daily basis, would
exceed the 96 nanogram daily limit by as much as ninefold,
860 nanograms [15].

THE RISK OF NDMA CARCINOGENESIS

It is difficult to calculate a specific cancer risk related to taking
valsartan at the levels of contamination found. The generally
acceptable risk for potential carcinogens in pharmaceuticals is
one case of cancer per 100,000 subjects. The estimated risk
calculated for valsartan ranges from 12 to almost 30 cases
per 100,000 subjects, based on the European Medicines
Agency assessment for an individual taking 320 mg valsartan,
containing 24.1 micrograms NDMA and 3.7 micrograms NDEA
per day for 4 years [12]. These estimates depend on an accu-
rate accounting of the level of contamination in the available
medication over time and the duration of exposure. The risk
from NDMA in ranitidine and in its over-the-counter version,
Zantac, is more problematic and may be greater. In use since
1981, it is the 50th most prescribed medication (>15 million
prescriptions annually, plus over-the-counter use). The
amount of NDMA found in ranitidine by the FDA, while lower
than that found by the Valisure pharmacy, still exceeds the
allowable daily limit (96 nanograms) by ninefold [15]. The
actual amount of NDMA ingested by subjects taking ranitidine
is still in question, although NMDA excreted in a 24-hour
urine collection test of volunteers taking ranitidine increased
400-fold compared with baseline measurements [16]. An
additional factor is the amount of nitrosoamine generated
during storage of drug or nitrosoamine formed in gastric fluid,
once the drug is internalized and contacts nitrite-containing
foods, e.g., processed meats or nitrate-containing vegetables

such as lettuce, spinach, celery, or beets. Once ingested,
nitrates can be converted to nitrites in the mouth or stomach.
Thus, the total exposure of people taking ranitidine or
nizatidine is not known at this time and may be subject to
multiple factors, such as diet and gastric acidity, as well as
impurities in the manufactured product and its storage.

CLINICAL EVIDENCE OF CARCINOGENESIS DUE TO

CONTAMINATION OF MEDICATIONS

There is only limited clinical evidence at present suggesting
that NDMA actually causes cancer in subjects taking sartans
or ranitidine. A survey of 24,000 patients at Memorial Sloan
Kettering Cancer Center compared subjects who reported
ranitidine use at the time of diagnosis versus those who used
other H-2 blockers or proton pump blockers. Ranitidine use
was associated with a significant increase in the odds of pre-
senting with breast, testicular, thyroid, and kidney cancer
[17]. A negative association was reported for the incidence of
colorectal cancer. Of interest is the absence of mention of an
association with HCC, the primary tumor type that was found
in preclinical carcinogenicity in multiple species. Although the
specific organ targeted by a carcinogen may not be congru-
ent across species, including human populations, HCC is an
important potential target based on the frequency of this
cancer in preclinical NDMA experiments. Definitive epidemio-
logical studies of the association of these medicines with spe-
cific cancers in human clearly need to be performed.

Aside from their role as complete carcinogens, the
nitrosoamines are likely be co-factors or promoters in
patients with underlying hepatic damage due to alcoholism,
hepatitis, or hepatic steatosis. It is notable that the inci-
dence of HCC had been steadily rising in the U.S. in the
years from 2000 to 2013, although it has more recently
plateaued and then declined with the introduction of ant-
iviral therapy for hepatitis C virus [18].

Are there potential preventative agents or antidotes to
nitrosoamine formation or induced DNA damage? Reducing
agents such as sodium ascorbate (vitamin C) or sodium
erythorbate might prevent or diminish damage in patients
taking the drugs in question. Current formulations of raniti-
dine, including the ranitidine syrup taken by children, do not
contain a reducing agent [19, 20].

In conclusion, NDMA contamination poses a potential
carcinogenic risk of undetermined effect at present for
those taking ranitidine, valsartan, or related medications on
a regular basis. It is thus incumbent upon industry and the
FDA to take steps to identify and eliminate the sources of
contamination of medications with this class of carcinogen.
At the same time, pharmaco-epidemiology studies should
be performed to establish if there is excess risk in patients
taking these medications.
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Figure 1. The formation of nitrosoamines. For NDMA R1 and R2
are methyl groups.
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Editor’s Note
On April 1, 2020, the U.S. Food and Drug Administration ordered the withdrawal of all ranitidine (Zantac) products from
the commercial market and advised consumers to dispose of any of the product in their possession. This action was based
on the finding of increased and unacceptable levels of NDMA in ranitidine stores at high temperature.
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