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Abstract. The presence of N-nitrosodimethylamine (NDMA) and N-nitrosodiethylamine
(NDEA) impurities in angiotensin II receptor blocker (ARB) drugs containing tetrazole
ring has triggered worldwide product recalls. The purpose of this article is to identify the
potential gap area in current pharmaceutical industry practice that might have led to the
NMDA and NDEA impurities escaping the drug manufacturer’s and FDA’s attention. The
impact of process change was not adequately assessed by the manufacturer of contaminated
APIs (active pharmaceutical ingredients), and potential for generation of mutagenic or other
toxic impurities was not considered. The safety and risk associated with a chemical synthetic
process was also not evaluated. This is primarily due to current industry practice which
focuses on controlling the impurities above reporting threshold. ICH Q3A and FDA
guidance on genotoxic and carcinogenic impurities in drug substances and products need to
be integrated so that the ICH Q3A decision tree (attachment 3) begins by checking whether
the synthetic process has been evaluated for the potential to generate toxic impurities. The
compliance with ICH Q3A limits should be carried out only after the process has been
determined to be safe without the risk of generating mutagenic and carcinogenic impurities.
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INTRODUCTION

The presence of N-nitrosodimethylamine (NDMA) in
valsartan tablets triggered a voluntary product recall on 13th
July 2018 for valsartanfinished formulationsmanufactured byTeva
Pharmaceutical Industries, Major Pharmaceuticals and Solco
Healthcare. The common thread among these companies recalling
their products was valsartan API (active pharmaceutical ingredi-
ent) manufactured by Zhejiang Huahai Pharmaceuticals (ZHP),
Linhai, China. Subsequently, another carcinogenic impurity N-

nitrosodiethylamine (NDEA) was found in another valsartan
product manufactured by Torrent Pharmaceuticals who had
voluntarily recalled the product on August 23, 2018. The Torrent
product also contained valsartan API manufactured by ZHP (1).
ZHP was reported to have found the NDEA impurity in several
valsartan API batches prompting the FDA (Food and Drug
Administration) to retest all valsartan API and tablets containing
ZHP API. However, not all products made with ZHP valsartan
were found to contain the NDEA impurity (1).

Valsartan is an angiotensin II receptor blocker (ARB)
used for the treatment of hypertension. The other ARBs
were also found to contain impurities NDMA and NDEA
resulting in worldwide recalls. For example, low levels of
NDEA were found in losartan tablets manufactured by
Hetero Labs India and irbesartan produced by Aurobindo
Pharma. In the case of Aurobindo Pharma, the certificate of
suitability (CEP) was suspended (2). Of high concern are the
ARBs with similar chemical structure containing tetrazole
ring such as losartan, candesartan, irbesartan, valsartan and
olmesartan (hereafter referred to as sartans) (1).

The purpose of this article is to identify a potential gap in
current pharmaceutical industry practice that might have led
to the NMDA and NDEA impurities escaping the attention
of drug manufacturers and FDA. Integration of ICH Q3A
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guidance document and FDA guidance on genotoxic and
carcinogenic impurities in drug substances and products is
proposed that would ensure that a risk-based assessment of
the chemical synthetic process is performed to anticipate the
presence of potential toxic impurities prior to comparing the
impurities with their threshold limits.

POTENTIAL PATHWAY FOR NDMA AND NDEA
IMPURITIES GENERATION

NDMA and NDEA are compounds in the nitrosamine
group which are classified as potential human carcinogens.
Their generation in recalled valsartan and other ARBs is
linked to the specific manufacturing process adopted by ZHP.
ZHP is believed to have made changes to the manufacturing
process in 2012 to reduce waste and improve product yield.
ZHP changed the synthetic process of tetrazole ring forma-
tion in the valsartan molecule. Tributylin azide was replaced
with a more toxic compound viz. anhydrous sodium azide,
and dimethyl formamide was used as solvent (3). Sodium
nitrite was subsequently used to quench excess sodium azide
following synthesis. In the acidic environment, sodium nitrite
forms nitrous acid, which could react with dimethylamine
present in dimethylformamide (solvent used in tetrazole
forming reaction) to generate NDMA. Similarly, a specific
set of reactants and reaction conditions lead to the formation
of NDEA impurity (Fig. 1). Tetrazole a common structural
feature among ARBs resulted in widespread contamination
with impurities in compounds of this class such as losartan
and irbesartan.

RISK TO PATIENTS

The European Medicines Agency (EMA) determined
the life-time risk of cancer development as 1 in 5000 in
patients who had taken an affected valsartan medicine at the
highest dose of 320 mg every day from July 2012 to July 2018.
The risk assessment considered the levels of NDMA in ZHP’s
valsartan API since 2012 when the company changed the
manufacturing process for valsartan. Further, risk assessment
assumed that all the NDMA is transferred to the final product
(4). Pottegard et al. performed an expedited assessment of
cancer risk linked to NDMA-contaminated product exposure
in 5150 Danish patients who were using valsartan and had no
history of cancer. The patients were followed for an average
period of 4.6 years only. The hazard ratio for overall cancer
was 1.09 implying low short-term risk (5). Likewise, the FDA
scientists estimated that if patients would have taken a
maximum dose of 320 mg of valsartan daily for 4 years, the
chances of development of an additional case of cancer is 1 in

8000. Nonetheless, the presence of NDMA which is widely
used in cancer research in pharmaceutical products raises
questions and concerns.

The International Agency for Research on Cancer
(IARC) has categorised NDMA as a probable carcinogen to
humans (6). The pathway for carcinogenic activity is bio-
transformation to methyldiazonium ion by liver microsomal
enzymes, which in turn form DNA adducts such as O6-
methylguanine, a probable carcinogenic agent. A positive
relationship between exposure-response has been observed
for the intake of NDMA and gastric and lung cancer (7–11).
Knekt et al. also observed a positive correlation between
NDMA intake and subsequent occurrence of colorectal
cancer with a relative risk of 2.12 in a population-based
cohort study of 9985 adult Finnish men and women with a
follow-up period of 24 years (12).

NDEA is considered as one of the most potent liver
carcinogens among nitrosamines. Like NDMA, NDEA is
biotransformed to form an ethyl diazonium ion by cyto-
chrome p450 enzymes (mainly CYP2E1). Ethyl diazonium
ion can react with nucleophilic sites of DNA and form
adducts which can induce cancer (13–15).

ACCEPTABLE DAILY INTAKE

The Integrated Risk Information System (IRIS) established
that at a concentration of 7 × 10−4 μg/L of NDMA in drinking two
litres of water per day would result in a one in one million lifetime
(10-6) risk of cancer in 70 kg human (16).On the other hand,WHO
suggests that 0.1 μg/L of NDMA in drinking water would be
associated with 10−5 cancer risk (17). The USFDA has established
action levels of 5 μg/L and 0.01 μg/g in malt beverages and barley
malt, respectively of NDMA (18,19). Based on a daily exposure to
NDMA or NDEA that results in a 1:100,000 cancer risk after
70 years exposure, FDA has established interim acceptable daily
intake (ADI) limits for these impurities in sartans (1) (Fig. 2).

ARE CURRENT CONTROLS ADEQUATE?

The ICH Q3 A (R2) guidance document states, BThe
applicant should summarise the actual and potential impurities
most likely to arise during the synthesis, purification, and
storage of the new drug substance. This summary should be
based on sound scientific appraisal of the chemical reactions
involved in the synthesis, impurities associated with raw
materials that could contribute to the impurity profile of the
new drug substance, and possible degradation products. This
discussion can be limited to those impurities that might
reasonably be expected based on knowledge of the chemical
reactions and conditions involved^ (20). The guidance explic-
itly states that impurities should be summarised based on the
knowledge of chemical reactions and conditions involved.
According to the Environmental Protection Agency technical
fact sheet, NDMA can be generated in reactions involving
nitrogen oxides, nitrous acid or nitrite salts. Further, second-
ary, tertiary and quaternary amines serve as precursors for
nitrosamine generation (21,22). Considering the available
information, use of dimethyl formamide (a source of dimethyl
amine) and sodium nitrite should raise an alarm owing to the
high possibility of generating nitrosamines in a reaction. Yet,

Fig. 1. Potential pathway for generation of NDMA and NDEA
impurities
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the manufacturer of recalled sartan API seems to have been
oblivious to well-known chemical reactions of this type.

The manufacturer of recalled sartans observed quality
management practices currently required by cGMP and
previous regulatory audits of the manufacturer’s facility were
concluded successfully without quality or cGMP shortcom-
ings. The process change that is believed to have resulted in
the generation of nitrosamines was also approved through
normal regulatory procedures by FDA and European Direc-
torate for the Quality of Medicines (EDQM). It was only
after the impurities were detected in commercial batches of
valsartan and other sartans that the FDA, on 29 November
2018, issued a warning letter to ZHP citing significant
deviations from the cGMP for API (1). The warning letter
cited a customer complaint that was received by ZHP
regarding detection of NDMA impurity during residual
solvent testing for valsartan API. In response to the
complaint, the ZHP’s investigation was found inadequate
and failed to resolve and control the presence of NDMA in
valsartan API. Further, FDA determined that the investiga-
tion conducted by ZHP lacked a comprehensive analysis of
all raw material used during the manufacturing process of
valsartan. The impact of process change was not adequately
assessed and the potential for generation of mutagenic or
other toxic impurities was not considered. This underscores

the fact that much emphasis is currently placed on controlling
the related substance above and below the reporting and
identification thresholds, respectively. The ICH Q3A guide-
lines mandate reporting threshold of 0.05% for a drug with a
maximum daily dose ≤ 2 g/day, whereas the reporting
threshold of 0.03% is recommended for a drug substance
with a maximum daily dose > 2 g/day (20). Valsartan and most
other sartans dosed at ≤ 2 g/day would have a reporting
threshold of 0.05%. Even though the FDA limits are stringent
for carcinogenic or genotoxic impurities, the sartan incident
has revealed that relying solely on reporting threshold criteria
(attachment 3 of ICH Q3) is extremely risky. The fact of the
matter is that the product in spite of being manufactured
according to the current regulatory requirements was con-
taminated with carcinogenic impurities has reaffirmed that
the focus should also include consideration of safety of
chemical processes. In fact, the safety and risk assessment of
chemical synthesis should be performed much before the
impurities are compared to guidance limits. This assumes
great importance as there is a high probability that conven-
tional testing and pharmacopeial test methods may not detect
all impurities. The importance of a thorough and stringent
review by both manufacturers and regulators to assess the
potential risks underlying the manufacturing process cannot
be overemphasised.

Fig. 2. Limits for NDMA and NDEA. Key: ADI values in (ng/day) are based on daily exposure to a compound such as NDMA or NDEA that
results in a 1:100,000 cancer risk after 70 years exposure. ADI values in ppm are based on a drug’s maximum daily dose
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Another pertinent issue is that ICH guidance document
suggests that the identification of impurities present at not
more than (≤) the identification threshold is generally not
considered necessary. Toxic impurities even if present at
levels below the identification threshold may still be above
their ADI levels, raising serious questions about this state-
ment, even though the guidance document does suggest that
the analytical procedures should be developed for these toxic
potential impurities at a level not more than (≤) the
identification threshold. The Guidance document recognises
that, BFor impurities known to be unusually potent or to
produce toxic or unexpected pharmacological effects, the
quantitation/detection limit of the analytical procedures should
be commensurate with the level at which the impurities should
be controlled^. The notes to attachment 3 also suggest that
lower thresholds may be appropriate if the impurity is
unusually toxic. However, the reporting threshold limits
which are currently used as a bench mark by the pharmaceu-
tical industry seem to have taken precedence over the
importance of knowledge and understanding of the chemical
synthetic processes. It will serve the interests of the pharma-
ceutical industry and patients alike if a decision tree
(attachment 3 of ICH Q3) begins with a question whether
the synthetic process has been comprehensively evaluated for
the potential to generate toxic impurities (Fig. 3). The ICH
decision tree recommends actions based on the identification
threshold. If the impurity is below the identification thresh-
old, no action is required. Certain toxic impurities such as
NDMA and NDEA would need to be controlled at much
lower threshold levels. For instance, considering NDMA and
NDEA are present at below reporting threshold (0.04%), the
calculated total daily intake in mg would be much higher than
their interim acceptable daily intake limits provided by FDA
(Table I). The FDA guidance on genotoxic and carcinogenic
impurities in drug substances and products recognises that
ICH Q3A and Q3B may allow a genotoxic or carcinogenic
impurity to be present in drug product at a level leading to
exposure up to 3000 μg/day without requiring identification of
the impurity (23).

To reduce the potential lifetime cancer risk associated
with exposure to genotoxic and carcinogenic impurities, one
of the approaches recommended in the EMA guidance

document and FDA guidance on genotoxic and carcinogenic
impurities in drug substances and products is to allow only a
maximum daily exposure target of 1.5 μg/day. The guidance
documents further recommend that if structural alerts suggest
high genotoxic and carcinogenic potential, then a maximum
daily exposure of 1.5 μg/day would not be appropriate and
these impurities should be dealt with on a case-by-case basis.
The threshold (1.5 μg/day) corresponds to a lifetime cancer
risk of 10−5. Further, the FDA guidance recommends that if
an impurity with genotoxic or carcinogenic potential is
identified or such an impurity may be expected based on
the synthetic route, steps must be taken to address safety
concerns associated with these impurities. Below qualification
threshold, identified impurities do not need to be qualified
(20). Notwithstanding this, identified impurities should be
evaluated for genotoxicity and carcinogenicity based on
structural activity relationship assessments even if impurity
levels are below the qualification threshold. The guidance
notes that the impurities with structural alerts for potential
genotoxicity may be controlled at a threshold of 0.15 μg/day,
which would correspond to a lifetime cancer risk of 10−6 (23).
However, compounds such as N-nitroso have very high
carcinogenic potency and are excluded from the threshold
approach in both EMEA and FDA documents (23,24).

Fortunately, the advancements in chromatographic esti-
mation make it possible to quantify low levels of impurities.
The Office of Testing and Research (OTR) has developed a
gas chromatographic-mass spectrometric-based method for
the detection and quantification of NDMA and NDEA
simultaneously in both drug substances and drug products.
The General European Official Medicines Control Laborato-
ries Network (GEON) has also developed three methods for
detecting these impurities (25,26).

The NMDA and NDEA impurities in sartan brings
quality by design (QbD) to the forefront of efforts to address
the presence of toxic impurities in API. Identification of
critical material attributes and critical process attributes and
how they interact is paramount in process understanding.
Critical quality attributes (CQAs) derived from quality target
product profile (QTPP) link patient safety and medication
efficacy to drug development program. During subsequent
risk assessment, risk to CQAs due to process components is
analysed. Process design using design of experiments (DOE)
would unravel information on potential interactions between
process components. The design space for critical process
components and overall control strategy would ensure that
CQAs are met. Therefore, only synthetic routes that would
not generate toxic impurities or process conditions that would
minimise the generation of impurities would be used for
commercial synthetic processes. For instance, Looker et al.
used QbD and risk assessment principles to determine the
criticality of the impurities and minimise their presence in the
product (27). The reduction of nitroaromatic groups to
aniline derivative carries high potential of generating
genotoxic impurities such as nitroso derivative and hydroxyl-
amine. The authors used in silico methods such as Deductive
Estimation of Risk from Existing Knowledge (DEREK) and
toxicology data to assess the genotoxic potential of the
compounds involved in the synthesis. DEREK raised the
structural alert for the four compounds (nitroaromatic,
aniline derivative, nitroso derivative and hydroxylamine).Fig. 3. Decision tree for evaluation of potential carcinogenic and

genotoxic impurities
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However, subsequent Ames test showed negative
genotoxicity for nitroaromatic and aniline derivative. Looker
and co-workers optimised the reaction conditions to minimise
the presence of these impurities and comply with the
established specific thresholds. They performed catalytic
reduction of nitroaromatic group to an aniline derivative
through a hydrogenation catalysed by Pd/C and subsequently
used validated process steps such as filtration, concentration
and crystallisation to remove catalyst. The operating ranges
of temperature, amount of catalyst and reaction time were
identified through design of experiment leading to not only
lower impurity levels (less than the threshold of toxicological
concern levels) but also a high product yield (27). Similarly,
the process understanding developed by using Qbd resulted
in robust control strategy that ensured negligible levels of
genotoxic impurities and allowed of elimination of testing of
the genotoxic impurities in the final drug substance (28).

Process analytical technology (PAT) tools can be used to
monitor reactions in real time to gain a better understanding
of processing. Reactive/unstable intermediates and critical
endpoint determinations can be improved using real-time
reaction monitoring. Multiple PAT tools can be used simul-
taneously to thoroughly screen the process and determine
interactions between various reaction components. Down-
stream unit processes are crucial in quenching unreacted
reagents and removing reaction by-products and impurities
especially in situations where API crystallisation does not
result in a product completely free from impurities. PAT tools
can be used to monitor parameters that are necessary for
compliance to critical quality attributes and generation of an
appropriate yield for the process.

CONCLUSION

In conclusion, a combination of approaches is required to
address the presence of toxic impurities in APIs. The safety
and risk associated with a chemical synthetic process should
be thoroughly evaluated and understood. ICH Q3A and
FDA guidance on genotoxic and carcinogenic impurities in
drug substances and products need to be integrated so that
the ICH Q3 decision tree (attachment 3) commences with
checking of the synthetic process and whether it has been
evaluated for the potential to generate toxic impurities.
Compliance with ICH Q3 limits should be performed only
after the process has been determined to be safe without the
risk of generating mutagenic and carcinogenic impurities.

Linking product and process development to patient safety
and efficacy in QbD paradigm would ensure toxic impurities
are either not generated or their level in the product is
maintained below acceptable daily intake levels.
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