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Abstract

Unexpected finding of cancer causing, DNA damaging impurities called nitrosamine impurities which are mostly likely to present in
structures containing nitroso group as per EMA and also according to ICH M7 is a member of “cohort of concern “class of high potency
mutagenic carcinogens. In year 2018 it was first detected in sartans by USFDA after that it found in found in antacid like nizatidine,
ranitidine and in anti-diabetic drugs like metformin, pioglitazone. There are nearly more fifteen types of impurities detected in products
like NDMA, NDEA, EIPNA, NMBA, NDBA, and MeNP. Thousands of batches were recalled in countries like USA, Europe and all
around world. Regulatory bodies of like USFDA, EMA and Health Canada has published stringent guidelines and documents to control
carcinogenic impurities and given timelines for submission of risk assessment and confirmatory test and submission of other documents
if change in process to mitigate its level and suggested changes in manufacturing process like change in ROS ,Control strategy etc.
Along with the Q&A, roots cause for presence of impurities .Immediate submission of the amount of Nitrosamine impurities when
detected in product and if negligible amount is present no need to submit report.
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1. Introduction level of impurities in other sartans and requested
manufactures to recall batches. In September 2019, It
was also found in antacid like ranitidine, and nizatidine
and their after in anti-diabetic drugs like metformin,
pioglitazone. Agency has requested all the manufactures
to detect level of impurity by analytical methods given in
guideline and report and stop release of the impurity if it
is above the acceptable intake limits given by the
agency. List of all recalled batches is mention in the
website of the FDA.

Nitrosamines are a well-known group of highly
potent, mutagenic impurities formed by the reaction of
secondary amines with nitrite under acidic conditions. N-
Nitrosamines are a class of chemical compounds with
the general structure .The essential feature of N-nitroso
compounds is the N-N=O structure; the R1 and R2
groups attached to the amine nitrogen may range from a
simple hydrogen (H) atom to more complex chemical
substituents (including ring structures that incorporate

the nitrogen atom). There are around 15 different kind of EMA also announced to recall nitrosamine impurity
nitrosamine found N-Methyl-N-nitro-N-nitroso- containing batches after Valsartan Manufactured by
guanidine,  N-Nitrosodi-n-butyl amine, N-Nitroso- Zhejiang Huahai Pharmaceutical (Zhp) was found
diethanolamine, N-Nitrosodiethylamine , N-Nitrosodi-n- contaminated With NDMA (Nitrosodimethylaming).In
propylamine, N-Nitroso-N-ethylurea etc. Some are 2019 several other impurities like NDEA, NMPA were
shown below Figure: 1 found in other sartans, antacids, anti-diabetic and anti-

histaminic. Around 2300 batches were recalled but no
recall history is mentioned in the site of EMA. European
Medicines Agency recommended all the drug product/
APIs manufacturer to analyze their product and report

Contamination of carcinogenic impurities has been
vexing problem since 2018 when it was firstly
announced by USFDA in Sartans (which are used in
hypertension). NDMA impurity was detected in
Valsartan, and after that agency found unacceptable
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the amount of impurity to EMA with root cause of its presence. (1-4)
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Figure 1. Chemical Structures of Seven Potential Nitrosamine Impurities in APIs and Drug Products (4)
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Figure 2. General Root cause of the presence of impurity in product

Health Canada continues to work closely with the EMA to share information and coordinate efforts on
international regulatory partners including the FDA and inspections, risk assessments and public
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communications. Health Canada has provided a method
that has been developed to detect and quantify the
Nitrosamine impurities NDMA and NDEA in
angiotensin Il receptor blockers (ARBs).Recall history is
mention in website of health Canada.

USFDA ,EMA and Health Canada has mentioned root
cause for the presence of carcinogenic impurity and
given recommendation to the manufactures to make
changes in manufacturing process, audit supply chain ,
Avoid use of primary, secondary or tertiary amines .
Manufactures should refer to ICH M7 (R1), ICH Q7,
Q11.Regulatory bodies recommended to perform risk
assessment of products and report it in the CTD and
eCTD and also confirmatory test if the impurity is
present.

Root Cause of the impurity: Possibility of presence of
nitrosamine impurity in drug substance or drug product
could be basically through following sources shown in
the figure 2. (5)

2. Recommendation
2.1.Food and Drug Administration

FDA recommends that manufacturers consider the
potential causes of nitrosamine formation

Manufacturers should prioritize evaluation of APIs and
drug products based on factors such as maximum daily
dose, duration of treatment, therapeutic indication, and
number of patients treated. Manufacturers should refer to
the ICH guidance for industry Q9 Quality Risk
Management (June 2006) for details related to quality
risk identification, analysis, and management.
Manufacturers of APIs and drug products should take
appropriate measures to prevent unacceptable levels of
nitrosamine impurities in their products. FDA has given
acceptable intake (Al) limits for the nitrosamine
impurities NDMA, NDEA, NMBA, NMPA, NIPEA, and
NDIPA (Table 1). Limits are applicable only if a drug
product contains a single nitrosamine. If more than one
of the nitrosamine impurities identified in Table 1 is
detected and the total quantity of nitrosamine impurities
exceeds 26.5 ng/day (the Al for the most potent
nitrosamines) based on the maximum daily dose (MDD),
the manufacturer should contact the Agency for
evaluation. (1)

2.2. European Medicines Agency

The N-nitrosamines with a TD50 below 1.5
mg/kg/day belong to the cohort of concern as defined in
ICH M7 (R1) and are: NMPEA, NDEA, NDMA,
NMEA, NNK, NNN, NMOR, NMA, NDPA, NDBA,

Table 1. Recommendation given by regulatory bodies (1-6)

Guidelines ICH guidance for
industry Q9 Quality
Risk Management
ICH Q3B(R), Q3A(R),

ICH Q3C, ICH Q3D

2. Al Limits NDMA 96, NDEA
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Q10 :limit of nitrosamine
Q12: mitigate risk of nitrosamine
impurity

NDMA*
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NPYR, MNNG, NMBA, and NPIP. Total risk level of
the sum of more than one detected N-nitrosamine cannot
be kept below a 1 in 100,000 life-time risk, the MAH
should submit to the relevant competent authorities
forthwith an investigation report including the
potential/identified root cause(s), preventive/corrective
actions and a thorough discussion on the impact on the
benefit/risk balance including all relevant considerations.
MAHSs should implement a control strategy regarding N-
nitrosamines for their active substances and finished
products, which should include current and prospective
measures to minimize the risk of generation
/contamination with any nitrosamine (e.g. change of
manufacturing process, introduction of appropriate
specifications and development of appropriate methods,
measures related to the premises and equipment e.g.
cleaning procedures, environmental monitoring), and
control any future change that may impact on this risk
(e.g. change of supplier, change of manufacturing
process, change of packaging). Manufacturer should
carry out risk evaluation/risk  assessment of
manufacturing processes of APl (route of synthesis,
starting materials, intermediates, raw materials) in view
of potential formation of or contamination with N-
nitrosamines, taking into account potential and
confirmed root causes for the presence of N-
nitrosamines in APIs and also carry out risk
evaluation/risk  assessment of finished product
(degradation of API, primary packaging material,
excipients, etc.), taking into account the root-causes for
the presence of N-nitrosamines in finished products.
(2.3)

2.3. Health Canada

MAMHSs should complete robust risk evaluations using
a holistic approach with a detailed assessment of all
stages of the product life cycle. This would include an
appropriate level of documented root cause analysis,
evaluation of manufacturing controls and conditions for
the medicinal ingredients, non-medicinal ingredients
(excipients) and the drug product, the potential
interactions with the container closure system, and the
potential of increased risks over the retest period for the
API or the shelf life for the drug product. MAHs are
responsible to ensure that the risk assessments have been
conducted by personnel with acceptable qualifications
and expertise (e.g., relevant training, knowledge, and
practical experience). To enable this robust risk
assessment, information should be made available by
API, excipient, and drug product manufacturers to the
MAH. Comparison of the recommendation given by
different regulatory bodies is mention in Table 1.

ICH’s M7(R1) guideline,
and ICH Q9 guidelines

together ~ with  Health
Canada’s GMP Guides
0001 and 0104,

(62-75-9) 96.0 (NDMA) 96.0, (NMBA)
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26.5. NMBA 96
NMPA 26.5 ,NIPEA
26.5, NDIPA 26.5

NDEA*(55-18-5)26.5
[EIPNA**(16339-04-1)
26.5,DIPNA**(601-77-4)

26.5, NMBA**(61445-55-
4)96.0,MeNP**(16339-07-4) 26.5
NDBA**(924-16-3)26.5
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96.0,(MNP) 96.0,
(NDEA) 26.5, (NEIPA)
26.5,(NDBA) 26.5

3. Suggestions ~ 1.optimize the design Minimize the risk of 1.Risk Assessment
ROS generation/contamination with any 2.ConfirmatoryTesting
2. quenching steps nitrosamine (e.g. change of 3.Changes to the
3.avoid cross-  manufacturing process, introduction Marketing Authorization
contamination of appropriate specifications and
4.analyze nitrite and development of appropriate methods,
nitrosamine levels in  measures related to the premises and
water, exogenous equipment e.g. cleaning procedures,
sources environmental monitoring,...) and
5.audit their supply control any future change that may
chains impact on this risk (e.g. change of
supplier, change of manufacturing
process, change of packaging...)
4, Timelines 1.Before March 31, 1.Chemically synthesized products- o Step 1 - Completion of
2021 31" march 2021 risk assessments by March
2. October 1, 2023 2.Biologically synthesized products- 31, 2021
1%july 2021 Step 2 - Confirmatory
2. 1.Chemically synthesized testing by October 1, 2022

products- 26™sept 2022 ( FOR STEP

2 &3)

2.Biologically synthesized products-

0 Step 3 - Changes to the
market authorization by
October 1, 2022.

1%july 2023( FOR STEP 2 & 3)

3. Reporting of Impurity
3.1. Food and Drug Administration

Drug  manufacturers must report  changes
implemented to prevent or reduce nitrosamine impurities
in accordance with FDA regulations (21 CFR 314.60,
314.70, 314.96, and 314.97). FDA published “interim
acceptable limits” for these nitrosamine impurities in
ARBs. ARB DS or DP with levels of impurities
exceeding these interim limits were recommended for
recall from the market. Applicants report to FDA a
summary of the testing performed, as requested above,
for the presence of any nitrosamine impurities in batches
distributed in the US or exported from the US that are
within their labeled expiration, even if recalled.
Reporting of Nitrosamine impurity is mentioned in
Figurel.We request a table is submitted to each
application, if not already provided in previous
correspondence to the application, with the following
information for each batch number that is sampled and
tested:

> product name (identify whether API or DP batch)
> labeled strength (if DP batch)

> date of manufacture

> labeled expiration date

> Name of test method

e-ISSN: 2321-6794
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>

>

Amount and type of nitrosamine detected, if any,
or “none detected.”

Data should be submitted to the application as a
“General Correspondence;” the words
“nitrosamine-related” should be prominently
displayed on the cover letter.

Marketing authorization holders should review
their manufacturing processes for all products
containing chemically synthesized or biological
active substances to identify and, if necessary,
mitigate the risk of presence of nitrosamine
impurities. The European medicines regulatory
network encourages marketing authorization
holders to submit the outcome of step 1 before the
deadlines if they complete the risk evaluation or
identify a risk in their products. Marketing should
inform the national competent authorities for
nationally authorized products or EMA for
centrally authorized products as soon as possible
if tests confirm the presence of nitrosaming,
irrespective of the amount detected. They should
also assess the immediate risk to patients and take
appropriate action to avoid or minimize the
exposure of patients to nitrosamines. At all steps,
timelines should be shortened and marketing
authorization holders should immediately inform
authorities if findings indicate an immediate risk
to public health. Reporting impurity in EMA is
mention in the flow chart given below (Figure 4)
(6-9)


https://www.ema.europa.eu/en/glossary/marketing-authorisation-holder
https://www.ema.europa.eu/en/glossary/active-substance
https://www.ema.europa.eu/en/glossary/marketing-authorisation-holder
https://www.ema.europa.eu/en/glossary/marketing-authorisation-holder
https://www.ema.europa.eu/en/glossary/national-competent-authority
https://www.ema.europa.eu/en/glossary/marketing-authorisation-holder
https://www.ema.europa.eu/en/glossary/marketing-authorisation-holder
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IDENTIFY ROOT CAUSE

CONTROL OF NI IN DRUG
PRODUCTS

EVALUATE
Nitrosamine impurities can
he formed in finished drug
product’s during shelf life
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STRATEGY
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LIMITS
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Introduction of NI inherent due to AFI
Structure

AFI ROS or manufacture process of AFPI or
Dr

Test all batches on release

Level above recommended AL

If already
released

Initiate recall

Figure 3. Reporting impurity in USA (1)

3.3. Health Canada

Health Canada has shared potential root cause of the
impurity. Agency has asked manufacturers to find the
amount of impurity through analytical method. The
acceptable intake limit is provided by the regulatory if
the wvalue is above the mentioned value than
manufactures are requested to report the amount of
impurity and root cause of it and further proceed to
confirmatory test and report the data to health Canada
immediately, in case of no impurity the MAH has to
retain the data .The priorities and order in which product
should be reviewed. Principles set out in the ICH’s Q9

e-ISSN: 2321-6794
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guideline on Quality Risk Management; Maximum daily
dose of the drug product; Route of administration;
Duration of use; Indication and considerations of special
populations such as pregnant women and children;
Toxicological profile of the APLICH’s M7 (R1)
guideline, and ICH Q9 guidelines together with Health
Canada’s GMP Guides 0001 and 0104, should be
consulted for further information concerning mutagenic
impurity considerations and quality risk management
principles, respectively. Reporting of the impurity in
Canada is mentioned in form of flow chart (figure 5).
(10-13)
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3.2. European Medicine Agency

Applicant / MAH holder

REVIEW OF
MANUFACTURING PROCESS

1. Chemically
synthesized

st
products- 31
121

synthesized

st
products- 1 july
2021

Evaluation of the
finished product
and submit the
outcome of step 1
1. Fhfmlﬂ"." only when they
ik “““5'1:":' reach a final
products- 26 sept conclusion on
2022 the active substance

(for step 2 & 3) and finished
2. Blologically

synthesized

=t
products- 1 july
2023
(for step 2 & 3)

IN CASE OF MORE THAN
NITROSAMINE ARE
IDENTIFIED

STEP 3: MAH SHOULD IMPLEMENT
EFFECTIVE RISK MITIGATION
MEASURES THROUGH
SUBMISSION OF VARIATION

NOTE: For tk

Figure 4. Reporting of impurity in EMA

4. Conclusion available for assessment in the drug submission. ICH’s
guidance documents M7(R1) and Q9 should be
consulted for further information concerning mutagenic
impurity considerations and quality risk management
principles, respectively.

As for all impurities, and especially for highly potent,
mutagenic carcinogens, risk assessments should be
conducted routinely during drug substance and drug
product development. The outcome of the risk
assessment and the justification for the proposed control
strategy with respect to such impurities should be made
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Figure 5. Reporting of nitrosamine impurity in Canada
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