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Presence of Carcinogenic Potential in Multiple Drugs
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Introduction:

Valsartan is an important medication for the treat-

ment of hypertension and congestive heart failure. Beyond

being one of the first line therapies in treating these condi-

tions,  valsartan lowers the risk of death after myocardial

infarction, improves the chance of living longer after a heart

attack, and has been shown to decrease hospital admis-

sions for those patients who suffer from congestive heart

failure to name a few of its benefits. Valsartan belongs to a

class of drugs called angiotensin receptor blockers (ARBs),

also called sartan, which antagonises the renin-angiotensin

system and blocking arterial constriction. Lowering blood

pressure helps prevent strokes, heart attacks, and kidney

injury1.

More recently, sartans have been contaminated by

impurities known as nitrosamines, a probable carcinogen.

These have been found worldwide since June 2018 in
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valsartan and other ARBs. The manufacturers are asked

by the agencies to improve the products, because the pres-

ence of nitrosamine impurities has resulted in the recall of

many batches of these medications leading to drug short-

age. As a result, these recalls have caused disruptions in

care for physicians and patients2-4.  In the European Union

(EU), while awaiting improved production safety, five sartan

medicines containing a necessary tetrazole ring

(candesartan, irbesartan, losartan, olmesartan, and

valsartan) will be marketed until 2021 with acceptable level

of nitrosamine impurities2. Since nitrosodimethylamine

(NDMA) (Fig1) levels vary in the same drug from the same

manufacturer, the Food and Drug Administration (FDA).

Director suggests that the drug’s manufacturing processes

In September 2019, the FDA came to know that

some common  antigastric acid reflux medications (ranitidine,

and nizatidine) contained more than the acceptable levels

of NDMA (Fig 2). After discussions with the FDA, manu-

Fig 1 –  Molecular Structure of NDMA

should be inspected closely and thoroughly5. So, FDA has

evaluated processes that use common amines in active phar-

maceutical ingredient (API) synthesis and found that com-

mon synthetic pathways could also introduce other types

of nitrosamine impurities besides eNDMA3,4.

In late April 2019, European Medicines Agency

(EMA) announced that NDMA had also been found in some

batches of the oral hypoglycaemic drug pioglitazone. The

level of NDMA was acceptable by the EMA2.

Fig 2 –  Molecular Structure of Ranitidine, Valsartan,

Nizatidine and Metformin

facturers voluntarily recalled ranitidine and nizatidine prod-

ucts with NDMA levels above the agency’s acceptable

PRESENCE OF CARCINOGENIC POTENTIAL IN MULTIPLE DRUGS – BANDYOPADHYAY  17



limit5. Preliminary stability testing data from the FDA indi-

cate that NDMA levels in some ranitidine products stored

at room temperature can increase with time to unaccept-

able levels and under the same token, the accelerated

samples yielded elevated levels of NDMA after 2 weeks.

The FDA’s testing also suggests that NDMA levels increase

with overall storage time. On April 1,2020, the FDA then

requested to withdraw all ranitidine products from the US

market6.

In December 2019, the FDA became aware that

metformin, an oral hypoglycemic agent in diabetes, used in

other countries were reported to have NDMA (Fig 2).

Considering this information, the FDA tested some samples

of metformin and found NDMA, but none of these samples

exceeded the acceptable intake limit. However, subse-

quently in May 2020, the FDA tested further and found

certain lots of metformin extended-release formulation con-

tained NDMA above the agency's recommended accept-

able intake limit7.

How NDMA is formed is well known, but how

nitrosamine impurities ended up in the above medications

differing from drug to drug remains a question.The purpose

of this article is to collect the information and review further

with an attempt to shed some light on nitrosamine impuri-

ties.

Nitrosamine in the Drug Product:

Nitrosamine is originated mainly by the reaction of

secondary or tertiary amines with unstable nitrous acid –

which is formed from nitrites in acidic pH condition. NDMA

is commonly present in the environment and people are

exposed to it in many ways: The main sources tend to be

tobacco, cured meats (eg, bacon), fermented foods (eg,

beer and cheese), shampoo, cleansers, detergents, and

pesticides1. In bacon, for example, NDMA formation oc-

curs when nitrite preservatives react with amines and amino

acids in the meat during cooking (Fig 3)1. NDMA is classi-

fied as a group 2A carcinogen, or “probably carcinogenic

to humans,” according to the International Agency for Re-

search on Cancer6,8. As discussed above, NDMA is present

in sartan drugs, reflux medications and in antidiabetic drugs.

Issues with Sartan Drugs:

Valsartan and related-sartans eg, losartan or

irbesartan have tetrazole ring and all of which have nitro-

samine contaminations. Sodium nitrite and the solvents, like

amines or trace containing amines, are also used to form

traces of NDMA and N-nitrosodiethylamine (NDEA).

However, origins of NDMA content in batches of ranitidine

currently remains unclear.Agencies are not convinced that

all nitrosamine impurities are from nitrites and amines in the

synthesis of API. They may be unintentional contaminants

of starting materials, reagents or solvents eg, dimethyl

formamide (DMF), which may form nitrosamines under

certain conditions6,7,9.

In contrast, two other sartans without a tetrazole

ring (eprosartan and telmisartan), showed no recognised

risk of nitrosamine contaminations, but they do not have

established efficacy in hypertension or cardiovascular pre-

vention, based on clinical criteria2,10. This indicates pos-

sible contamination during the manufacturing processes. The

raw materials particularly API for medicines are often manu-

factured in a limited number of production facilities, and

then sold to a large number of pharmaceutical companies

producing the originator medicine and/or generics. So, it is

important to analyse the manufacturing steps of raw mate-

rials5. Manufacturers along with the agencies continue their

analyses to better understand the root causes of the con-

tamination of nitrosamine impurities in ARBs. The FDA is

collaborating with EMA, and health regulatory authorities

of Canada to understand the full scope of this issue in-

cluding inspectional findings, laboratory testing methods

and results, as well as assessments of root cause and im-

pact8,10-13.

Scientists insisted to look at the whole supply chain

to examine the origin of contaminations. To conserve re-
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sources, manufacturers sometimes recycle solvents during

syntheses, and those solvents could have been previously

used in a process in which NDMA formation could occur.

Furthermore, the recycling of materials and solvents are

Fig 3 –  Presence of NDMA in Drugs, Bacon (12 g of

bacon)a and Cheese (43 g of cheese)b

often outsourced to third parties who may not implement

adequate controls in view of the content of the materials

they are processing. It may be reactors that were not cleaned

properly and NDMA or a nitrosating agent was left behind

after synthesising other drug materials and solvents which

can cross-contaminate with nitrosamines or impurities that

could react downstream to form nitrosamines (Fig4)8,10-13.

With the present understanding, coupled with

knowledge of drug structures and synthesis routes, the sci-

entists at regulatory agencies, pharmaceutical companies,

private laboratories and consulting firms have pieced to-

gether possible sources for some of the contaminations:The

FDA linked nitrosamine impurities with the drug’s manu-

facturing processes including container-closure and drug

packaging12-14.

For many years, the synthesis for this compound,

developed by Novartis, used tributyltin azide to form the

tetrazole, with xylene as a solvent. As a part of the recovery

process, residual azide is removed by quenching with so-

dium nitrite. However, in 2014, China’s Zhejiang Huahai

Pharmaceutical, which makes valsartan for some compa-

nies, filed a patent for an improved method for forming the

tetrazole ring. The new route involved swapping out tributyltin

azide for sodium azide, which leads to higher yields. The

firm also changed the solvent from xylene to

dimethylformamide. The new solvent can break down into

dimethylamine (DMA) and to remove excess sodium azide

by sodium nitrite resulting formation of nitrosamine impuri-

ties8,11-13.

Issues with Ranitidine and Metformin:

Ranitidine tends to self-degrade and complicate the

tests that Emery Pharma, Valisure, and other firms ran on it.

Many of the methods to measure NDMA used by the FDA

and other laboratories involve heating the sample which

meant that laboratories initially saw high levels of the con-

taminant in their tests for baby syrup. Therefore, the FDA,

Valisure, and Emery Pharma all developed low-tempera-

ture testing methods for ranitidine13-15,16.

Moreover, Emery Pharma views ranitidine as a fun-

damentally unstable drug that degrades itself over time to

form NDMA and is accelerated by heat13. Thus, if batches

of the drug sit in a storage area, NDMA can slowly start

forming.Scientists doubt that ranitidine will ever come back

to the market, but if it does, it would need to be shipped

under temperature-controlled conditions with a tempera-

ture sensitive warning label3-15.Simultaneously, the

FDAindicated if manufacturers wanted to make the drug

available again, they would have to demonstrate that the

formulation would be stable in any storage condition the

medicine may encounter12,16.

In the case of metformin, scientists still are not sure

exactly where the NDMA contamination is coming from.
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Metformin is a remarkably simple drug and literally a one-

step chemical process. One of its starting materials is

dimethylacetamide (DMA). If there is any sort of nitrosating

agent, even in trace levels, it could ultimately lead to that

nitrosation of that DMA to form an N-nitrosamine. The

nitrosating agent could come from any part of the drug

manufacturing process and drawing a line backward to find

Nitrosamines are common chemicals and are

present in water and foods including cured and grilled meats,

dairy products, and vegetables. Everyone is exposed to

some level of nitrosamines1. To date, the FDA has commu-

nicated about multiple nitrosamines called NDMA, N-

nitrosodiethylamine (NDEA) and N-nitroso-N-methyl-4-

aminobutyric acid (NMBA), N-nitrosodibutylamine

Fig 4 –  One Possible Mechanism for the Formation of NDMA Involves the Generation of a Nitrosonium Ion from a

Nitrite Ion (top) and Then a Subsequent Reaction with Dimethylamine to Form NDMA (bottom)

the source of contamination is not an easy undertaking12-17.

Some scientists postulate contamination may be

coming from drug packaging. The FDA indicates that many

pharmaceutical firms have been testing blister packaging

and have found low levels of NDMA under certain condi-

tions 5.So, the contaminants might be coming from multiple

places and it makes finding the source much harder. But it

significantly widens the scope of any investigation because

it is no longer just about the chemistry14.

Risk Orientated Nitrosamine Impurities :

(NDBA), N-nitrosodiisopropylamine (NDIPA), N-

nitrosoisopropylethylamine (NIPEA) in medications (Fig 5,

Table 1)14-16.

NDMA and NDEA belong to the so-called cohort

of concern, a group of highly potent mutagenic carcinogens

classified by the World Health Organisation International

Agency for Research on Cancer18. Although both the com-

pounds are linked to be carcinogens, their intake content in

the ARB drug product is much lower than for carcinogenic-

ity. Again, due to their structural similarity, NDIPA, NEIPA,

and NMBA are considered by international regulators to
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exhibit a similar toxicological profile to NDMA and

NDEA16.  For the nitrosamine impurities not included in

Table 1, the principles as outlined in ICH’s M7 (R1) guide-

line are to be used to determine an acceptable intake14-19.

Because people taking drugs with N-nitrosamine

impurities over long periods may have even a small in-

creased risk of cancer led the FDA to recall some of these

medications.As a result, these recalls have caused disrup-

tions in care for physicians and patients2-4,16,18. According

to the survey of the World Health Organisation World-

wide, Agency for Healthcare Research and Quality in 2017,

about 10 million people took losartan, over 2.3 million

people took irbesartan, and around 1.8 million people took

valsartan, according to the Agency for Healthcare Research

and Quality18. Physicians worldwide have complained par-

ticularly about the antihypertensives as new therapies take

time to optimally titrate resulting in labile pressures and too

little to too much correction. This results in more doctor

visits, more monitoring, and more resources eg, laboratory

tests2-4,14,18.On the other hand, some scientists commented

that with ranitidine, the NDMA did not come from an over-

looked side reaction but from the compound itself. This

possible breakdown reaction yielding nitrosamine impuri-

ties has been known for sometimes15-17. But instead of

changing chemistry, agencies introduced the specific risk

factor for the generation of NDMA12,16.

Regulatory Action:

In early 2019, extrapolating from animal data, the

EMA defined a threshold for NDMA and NDEA contami-

nation above which sartan medicines could not be mar-

keted in the EU.In September 2019, the EMAbegan a re-

view under Article 5(3) of Regulation (EC) No 726/2004

to provide guidance to marketing authorisation holders on

how to avoid the presence of nitrosamine impurities in hu-

man medicines2,8,10.As part of this review, the Committee

for Medicinal Products for Human Use (CHMP) has re-

quested marketing authorisation holders (MAH) for hu-

man medicines to conduct a risk evaluation to identify prod-

ucts at risk of NDMA formation (or cross-contamination)

and report the outcome by March 26th, 2020.This date

has since been pushed back to 2021 because of the

COVID-19 pandemic. These broader concerns have

prompted the EMA to request that MAHs of all finished

pharmaceutical products (FPPs) conduct risk assessment

Nitrosamine AI limit (ng/day)1,2 

NDMA 96 

NDEA 26.5 

NMBA 96 

NMPA 26.5 

NIPEA 26.5 

NDIPA 26.5 

 
1 The AI limit is a daily exposure to a compound such as

NDMA, NDEA, NMBA, NMPA, NIPEA or NDIPA that

approximates a 1:100,000 cancer risk after 70 years of

exposure.Appendix B of reference 17 includes a descriptionof

the AI derivation for NDMA, which is an example of how

FDA applied ICH M7(R1) to set a limit

2 The conversion of AI limit into ppm varies by product and is

calculated based on a drug’s maximum daily dose (MDD) as

reflected in the drug label (ppm = AI (ng)/MDD (mg)

Table 1 –  AI (Allowable Daily Intake) Limits for

NDMA, NDEA, NMBA, NMPA, NIPEA,

andNDIPA in Drug Product17

to determine the risk of nitrosamine content2,19,20.

During this transition period, interim limits – as out-

lined in Table 1 are being applied to products. If some

batches exhibit higher limits than recorded in Table 1, they

are not allowed to market those products19 -22.Similarly, Eu-

ropean Pharmacopoeia will include testing for nitrosamines

in the drug substances monographs for the sartan series.The

general monograph for APIs (General monograph 2034) is

also under revision to include the appropriate tests. As a

result of these measures, multiple sartan products were tem-
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cess may lead to the formation of a nitrosamine or when

recycled raw materials can create unacceptable contami-

nation 21.

Based on the agency’s current understanding, the

guidance, published by FDA on September, 2020, dis-

cusses potential root causes of nitrosamine formation, and

advises API and drug product manufacturers that they

should also take appropriate actions to reduce or prevent

the presence of nitrosamines by conducting risk assess-

ments of their approved or marketed products and prod-

ucts with pending applications, and APIs and drug prod-

ucts14,21,22.

Nitrosamine impurities have been found in some

drug products, and batches of those products have been

recalled due to their unacceptable levels of nitrosamine

impurities. These impurities may exist in other APIs and

drug products due to use of vulnerable processes and ma-

terials that may produce these impurities. Therefore, the

FDA recommends guidance for all chemically synthesised

APIs and drug products containing chemically synthesised

APIs for assessing risks. The FDA has been working

closely with industry to ensure products entering the mar-

ket do not contain these impurities in the future, whilst

establishing suitable analytical methods to determine ac-

ceptable levels of these nitrosamine impurities and es-

tablish interim limits16,19-21.

Both the FDA and Health Canada set an accept-

able intake limit for NDMA of 0.096 µg per day based on

animal studies. The amount of NDMA that has been found

in pharmaceuticals has varied widely and depended on

who did the testing, what manufacturer the drug came from,

and what batch of medication was tested6,14,19,22.

The EMA released its guidelines in September,

2019 and gave companies 3 years to complete all the man-

dated steps2,10.Health Canada released similar guidelines

in December, 2019 and gave industry 2 years to get nitro-

samine impurities to below acceptable limits in all drugs23.

FDA issued their guidance inSeptember, 202014.

porarily recalled from the EU market. Due to physician

complaints,someof the drug products have now returned

to market but the EU advises patients not to stop their

treatments unless they have been specifically advised to

do so by their pharmacist or doctor 2,19-22.

Similarly, USFDA found several batches of ARB

drugs those had higher amounts of nitrosamine impurities

than the acceptable limit, noted in the FDA’s guidance14.

FDA anticipated risks (like stroke) on those batches and

asked the manufacturer for voluntarily recall those prod-

ucts 21,22.

The EMA is currently evaluating available data to

assess whether patients using ranitidine are at any risk from

NDMA. The USFDA have requested voluntary recall of

products only if test results indicate levels of NDMA above

the interim levels 17,21. The USFDA has also determined

that the levels of NDMA observed in most ranitidine and

nizatidine products are similar to levels expected. How-

ever, many companies have initiated voluntary recalls of

their ranitidine products as preventive measures21,22.

The FDA, EMA, Health Canada, and others col-

laborate on inspectional findings, analytical methods, re-

sults, and assessments for root cause and impact.The FDA

evaluates the process risks that caused these impurities

into its oversight of drug manufacturing which includes how

it assesses applications and changes to applications as well

as enhancing its inspection coverage to evaluate the con-

trols in place to prevent unacceptable levels of nitro-

samine21,22.

The agency, in the past year, has performed sev-

eral for-cause inspections to evaluate the practices at vari-

ous API manufacturers and to verify appropriate correc-

tive actions to address nitrosamine contamination. It knows

some of the root causes of the nitrosamine impurity prob-

lem and is using these findings to inform its evaluation of

medicines other than ARBs. The FDA plans to adjust in-

spections of API sites to include enhanced evaluation of

impurity controls, particularly when the manufacturing pro-
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Conclusions:

The discovery of nitrosamines impurities in some

types of drug products led the FDA and other interna-

tional regulators to conduct a detailed analysis of these

content has been positively identified, regulatory agencies

are asking to verify the levels of nitrosamine content in the

products by the appropriate testing methods and request

manufacturers to undertake risk assessments to control such

Fig 5 –  Chromatography of Nitrosamine Impurities in Valsartan13-15.  Over tbe 10-1000ng/ml range with correlation

coefficients (R2) of >0.999 (Table 2). Data was analyzed using EmpowerTM 3 Chromatography Data System (CDS)

Software. [Limit of quantitation (LOQ) solution with six nitrosamine impurities at 20 ng/ml in valsartan drug substances

sample UV@245 nm.  A single HPC/UV method was successfully developed for the reliable quantitation of six

nitrosamine impurities (NDMA,NMBA,NDEA, NEIPA, NDIPA and NDBA) in valsartan and NDMA in ranitidine drug

substances with quantitation limit ranging from10- 20 ng/ml. The analysis was performed on the ACQUITY Arc System

with 2998 PDA detector for quick and accurate peak identity confirmation. Additionally, the XSelect HSS T3 column, a

proprietary reversed phase column, provided retentivity and specificity for all analytes. The HPLC-UV method offers a

starting point for the robust quantification of nitrosamines or similar compounds13-15 ]

impurities in affected APIs and drug products. For sartan

drugs, ranitidine and other products, where nitrosamines

impurities (ie, below the accepted levels). They further re-

quest the manufacturer to undertake changes to ensure that
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the future levels of nitrosamine are essentially absent. As

an interim measure, the values in Table 1 represent the best

available information regarding daily permitted intake. For

other nitrosamine impurities not listed in Table 1, the prin-

ciples outlined in ICH’s M7(R1) guideline are recom-

mended to be used to determine an acceptable intake19.So,

manufacturers should assess their products for nitrosamine

impurities content and take proper steps to mitigate risks.

In cases where the level of a single nitrosamines’ impurity

is observed below the interim acceptable limits, such prod-

ucts are generally considered safe and may remain on the

market. If the levels of nitrosamines exceed acceptable lim-

its, or more than one nitrosamine is observed, such prod-

ucts should in general not be permitted on the market7,8,14,22.

The agencies have strict standards for safety, ef-

fectiveness, and quality. Various evidences indicate that the

drug product is probably contaminated with nitrosamine

impurities during the manufacturing processes. So, it is re-

quired for API and drug manufacturers to follow strictly

good manufacturing process (GMP) regulation during

manufacturing processes. Simultaneously, regulatory com-

pliance will check thoroughly the quality of the product.

Further they should assess the risks involved in the pro-

cesses and document how the risks are mitigated.  In addi-

tion, it is also recommended to perform changes or formu-

late the drug product so that no nitrosamine impurities can

be present in either API or drug product.

At the present time, the testing method developed

through improved technology enables to detect traces of

nitrosamine impurities in drug product and may be the rea-

son why more products have been found to have low lev-

els of nitrosamine impurities. Expert comments that these

N-nitrosamine contaminants may have been in our drugs

for a while and in the past, researchers were unable to

detect small amounts due to lack of appropriate methods9.

Recently CHMP has suggested to MAH to submit

a risk evaluation report within 2021 which are expected to

come out soon.This will enhance our knowledge about ni-

trosamine impurities. Continuing work together between

agencies, manufacturer, and patients a solution for main-

taining safety, effectiveness and quality will soon be estab-

lished.
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