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FIRST PRIZE(GOLD MEDAL) - 2024

"Under estimated importance of impurity profiles in API:
Serious threat and consequences,”

SYNOPSIS

This essay talks about the critical importance of impurity profiling in
Active Pharmaceutical Ingredients (APIs), shedding light on the
significant health risks and regulatory challenges that arise when
impurity control is overlooked. Impurities—whether organic,
inorganic, or residual solvents—can jeopardize drug safety, efficacy,
and stability, potentially leading to genotoxicity, carcinogenicity, and
other adverse health outcomes. The essay thoroughly examines the
regulatory framework, particularly the guidelines set forth by the
International Council for Harmonisation (ICH), such as Q3A, Q3B,
Q3C, and M7, which govern impurity classification, identification, and
control in drug development and manufacturing. Through case
studies like the global recall of Valsartan due to contamination with
the carcinogen N-nitrosodimethylamine (NDMA), the essay
underscores the severe consequences of failing to maintain stringent
impurity controls. It also highlights the crucial role of advanced
analytical techniques, including High-Performance Liquid
Chromatography (HPLC), Gas Chromatography (GC), and Mass
Spectrometry (MS), in detecting impurities at trace levels, ensuring
both regulatory compliance and patient safety. The essay argues that
impurity profiling is not merely a regulatory requirement but an
ethical responsibility that pharmaceutical companies must uphold to
protect public health. It concludes by advocating for proactive
impurity management throughout the drug lifecycle, emphasizing the
necessity of continuous monitoring, robust analytical methodologies,
and adherence to best practices such as Quality by Design (@bD) and
Corrective and Preventive Actions (CAPA).
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Under estimated importance of Impurity profile in API -
Serious threat and resultant consequences

“As the lifeblood of modern medicine, the drug substances are the
culmination of intricate scientific processes designed to restore health
and enhance lives. Yet, lurking in the shadows of this scientific
marvel is a hidden threat—impurities”

The pharmaceutical industry, positioned at the intersection of
chemistry and healthcare, relies heavily on the synthesis of Active
Pharmaceutical Ingredients (APIs), which are crucial for drug
formulation. However, no chemical process is flawless, and alongside
the desired API, unintended by-products, or impurities, often emerge.
These impurities, if left unchecked, can have serious ramifications,
ranging from compromised drug efficacy to severe health risks for
patients. The development of pharmaceuticals revolves around two
non-negotiable pillars: safety and efficacy, both of which are
intrinsically linked to the purity of the API. Yet, the impurity profile of
an API, a critical yet often overlooked aspect, has the potential to
significantly impact the short-term performance and long-term
stability of pharmaceutical products.

Statistics: What do they tell us

A study found that from 2001 to 2010, 32% of FDA-approved novel
therapeutics—71 out of 222—were associated with post-market safety
events. This included three product withdrawals, 61 boxed warnings,
and 59 safety communications, highlighting the serious implications of
drug impurities '. The safety of pharmaceutical products is heavily
influenced by the levels of impurities present in drug substances. As
such, the identification, quantification, qualification, and control of
these impurities are essential in drug development. Various
regulatory authorities, including the International Council for
Harmonisation (ICH), the United States Food and Drug

': 'Pharmaceutical Impurities: Combatting Pharma's Elusive Threat | Article |

Chemistry World' https://www.chemistryworld.com/industry/pharmaceutical-
impurities-combatting-pharmas-elusive-threat/4012749.article accessed
12 September 2024.
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Administration (USFDA), the European Medicines Agency (EMA), the
Canadian Drug and Health Agency, the Japanese Pharmaceutical and
Medical Devices Agency (PMDA), and the Australian Department of
Health and Ageing, emphasize impurity control. Official compendia,
such as the British Pharmacopoeia (BP), the United States
Pharmacopeia (USP), the Japanese Pharmacopoeia (JP), the European
Pharmacopoeia (EP), the Indian Pharmacopoeia (IP), and the
Pharmacopoeia of the People's Republic of China (ChP), set limits on
impurity levels in APIs and drug formulations based on exposure
limits. This necessitates that drug manufacturers conduct risk
assessments to account for potential contamination from packaging,
transportation, raw materials, and manufacturing processes. Several
guidelines, including ICH Q3A (R2), ICH Q3B (R2), ICH Q3C (R6), ICH
Q3D, and ICH M7, offer a robust regulatory framework, emphasizing
the need to rigorously assess, identify, and control impurities. The
risks are not merely theoretical—even trace levels of certain impurities
can lead to adverse health outcomes, diminishing patient trust and
exposing pharmaceutical companies to severe regulatory and
financial consequences. Thus, the call for diligent impurity profiling is
not only a matter of compliance but one of moral and clinical
responsibility.

Impurities in new drug substances

According to ICH Q3A(R2), impurities in a new drug substance are
defined as any component present that is not the chemical entity itself.
This includes various by-products, residual solvents, degradation
products, and other unwanted substances that may arise during the
synthesis, storage, or manufacturing process. The impurity profile
refers to the detailed description of both identified and unidentified
impurities present in the new drug substance. Identified impurities
are those with known chemical structures, while unidentified
impurities are those that can be detected and quantified by analytical
methods but have not been structurally characterized. Maintaining a
thorough impurity profile is essential for ensuring the safety, efficacy,
and stability of the drug substance, as these impurities can influence
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both the therapeutic effectiveness and potential risks associated with
the drug. Despite rigorous guidelines like ICH Q3A(R2), which
emphasize the need for thorough identification, quantification, and
control of impurities, the significance of maintaining a stringent
impurity profile is often overlooked, leading to potentially serious
consequences for drug safety and efficacy.

Implications of ignoring impurity profiling

The consequences of underestimating impurity profiles are
multifaceted. From a manufacturing perspective, impurities can lead
to process inefficiencies, incomplete reactions, and degradation.
These challenges not only increase production costs but also hinder
regulatory compliance. Most importantly, the presence of impurities
can have severe implications for patient safety. In recent years,
contamination with nitrosamine impurities (NDMA and NDEA) in
blood pressure medications such as valsartan has caused global
recalls, emphasizing the critical nature of impurity control. Even in
minimal amounts, pharmaceutical impurities can pose significant
health risks and affect a drug's performance, endangering patient
safety.

Types of impurities and their impact

The emergence of impurities in APIs can stem from various sources,
including starting materials, synthetic by-products, degradation
products, and residual solvents. Under ICH @3A (R2F, impurities are
classified into three major categories:

e Organic impurities: These may include unreacted starting
materials, by-products from synthesis, and degradation
products that develop during storage. Their presence can
compromise the stability, efficacy, and safety of the drug.

e Inorganic impurities: Typically arising from reagents and
catalysts, these impurities, though often present in trace
amounts, possess the potential to bioaccumulate, leading to
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long-term chronic toxicity.

¢ Residual solvents: Categorized under ICH Q3C (R6), these
volatile organic compounds, often utilized in the synthesis of
APIs, pose toxicity risks even at low concentrations.

The consequences of inadequate control of these impurities are grave.
From genotoxic effects to carcinogenicity, these contaminants can
lead to irreversible health issues. As such, stringent regulatory
oversight, exemplified by guidelines like ICH M7 , plays a pivotal role in
mitigating patient risk.

*: ICH M7 -' https://database.ich.org/sites/default/files/M7_R1_Addendum.pdf

Essay Competition 2024 ™ 9



Sources of Impurities in APl

.L J J l J l

Raw Synthesis Degradation Residual Excipients Packaging
Materials process products Solvents materials
Examples: Examples: Examples: Examples: Examples: Examples:
Heavy By- Oxldatipn, Organic Contaminants, Leachable,
metals, products; hydrolysis, solvents degradation extractable
residual side phatolysis llke products from
solvents, reactions, methanol, from plastic or
and Incomplete ethanal, exciplents glass
unreacted reactions, or
starting of scelone
miterials reagents
Impurities l Degradation of Solvents usad Impurities
. formed during the AP aver time during synthesis, Impurities arising introduced from
contminstad the chemical dug 10 storage erystallization, or from exciplents packaging
Phnsiederng reaction or conditions like purfication that used in the materials during
intermediates synihesis of the heat, moisture, or remain In trace formulation storage or
API light amounts

| transpartation

l | v v Y
———

ACTIVE PHARMACEUTICAL INGREDIENT

Fig. 1: Different sources of impurities in APIs, including raw materials,
synthesis, and degradation during storage.
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Organic impurities: The most common and the most dangerous

Organic impurities are by far the most prevalent type of impurity
found in APIs. These impurities originate from various sources during
drug synthesis, including unreacted starting materials, by-products,
intermediates, or degradation products. Organic impurities can have
profound effects on drug safety. For instance, degradation products
formed over time, especially under improper storage conditions, can
transform a previously safe drug into one that is toxic or ineffective.

Example: NDMA contamination in Valsartan

A recent example highlighting the dangers of organic impurities is the
global recall of Valsartan in 2018. The recall occurred after the
discovery that some batches of Valsartan contained unacceptable
levels of N-nitrosodimethylamine (NDMA), a probable human
carcinogen. NDMA formed during a change in the drug's
manufacturing process. This incident illustrates the importance of
impurity control throughout the entire lifecycle of a drug, from
development to post-market. This highlights how even minor
alterations in the synthesis process can have significant
consequences if proper impurity profiling and control measures are
not in place.

"In the end, the most lethal impurity is the one you never expected.”
Inorganic impurities: The silent accumulators

While inorganic impurities are often present in trace amounts, their
potential to bioaccumulate makes them particularly insidious.
Elements like lead, cadmium, and mercury—regulated under ICH
Q3D—can gradually accumulate in the body, leading to chronic
health complications such as neurotoxicity or renal damage. These
contaminants often stem from residual catalysts, reagents, or other
environmental sources in the manufacturing process.

Take cadmium, for instance. Prolonged exposure to this metal can
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result in severe health issues, including kidney damage, osteoporosis,
and respiratory distress. The control of elemental impurities is not
only a regulatory requirement but a moral imperative to ensure
patient safety.

Table 1: Examples of common elemental impurities and their effects

Elemental impurity Source Toxicity

Lead (Pb) Residual catalysts, environment | Neurotoxicity, developmental disorders
Cadmium (Cd) Metal impurities in catalysts Kidney damage, respiratory issues
Arsenic (As) By-product of reagents Carcinogenic, multi-organ damage
Mercury (Hg) Environmental contamination Neurological damage, kidney damage

Residual solvents: Invisible but potent

Residual solvents, though often undetectable without sophisticated
testing, pose a stealthy yet substantial threat. These volatile organic
compounds remain in APIs after manufacturing and must be
vigilantly controlled due to their potential to cause toxicity, even at low
concentrations. The ICH Q3C (R6) guideline categorizes these solvents
into three classes based on their toxicity:

Class 1 Solvents: Must be avoided due to their carcinogenicity (e.g.,
benzene).

Class 2 Solvents: Their use should be limited as they can cause
reversible toxicity (e.g., methanol).

Class 3 Solvents: Though of low toxicity, they still require regulatory
oversight (e.g., ethanol).

Case Study: Benzene contamination

Benzene, a Class 1 solvent, was found as a residual contaminant in a
pharmaceutical product in the early 2000s. The contamination, which
occurred during the drug's production, posed a serious risk due to
benzene's established carcinogenic properties. Following this

12 Essay Competition 2024



discovery, strict regulatory limits were imposed, and the product was
recalled.

Genotoxic and mutagenic impurities: Addressing long-term risks

Genotoxic and mutagenic impurities are of particular concern in
pharmaceutical manufacturing due to their ability to interact with
DNA, potentially leading to mutations, cancer, and other long-term
health risks. These impurities are typically classified as DNA-reactive
substances, meaning that even trace amounts can pose a significant
health threat.

ICH M7 specifically addresses these impurities, providing a framework
for their assessment, control, and acceptable limits. The guideline
emphasizes minimizing exposure to genotoxic impurities and lays out
thresholds for both short-term and lifetime exposure to ensure patient
safety. The identification and control of genotoxic impurities are
crucial, as their effects are cumulative and can persist long after the
drug has been consumed.

Example: Nitrosamine contamination

A notable example of genotoxic impurity contamination occurred
during the recall of several batches of ranitidine, a widely used
antacid. N-Nitrosodimethylamine (NDMA), a known genotoxic and
carcinogenic substance, was found in these batches due to
degradation of the API over time. This highlighted the critical need for
stringent monitoring of genotoxic impurities throughout the lifecycle
of a pharmaceutical product.

"Mutagenic impurities don't just pose an immediate risk; they are ticking
time bombs in a patient’s body, waiting to explode over years."

Regulatory guidelines for controlling impurities

Various regulatory bodies, such as the US FDA and the EMA, have
established stringent guidelines to ensure the safety of
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pharmaceuticals by controlling impurity levels. The ICH has
published several guidelines that detail the classification,
identification, qualification, and control of impurities:

Table 2: Summary of ICH guidelines for impurity control

Guideline Focus Key Elements

ICH Q3A (R2) | Impurities in new drug | Classification, identification, reporting, and

substances qualification

ICH Q3B (R2) | Impurities in drug | Control of degradation products, listing in

products specifications
ICH Q3C (R6) | Residual solvents Limits for solvents based on toxicity
ICH Q3D Elemental impurities Control of heavy metals and other toxic
elements
ICH M7 Mutagenic impurities | Control of DNA-reactive impurities to limit

carcinogenic risk

These guidelines provide a framework for the pharmaceutical industry
to ensure that impurity levels remain within safe limits. They also
emphasize the importance of identifying and qualifying impurities
early in the drug development process to prevent costly delays or drug
recalls.

Importance of impurity profiling

Impurity profiling is an essential part of the drug development and
manufacturing process. The impurity profile of an API provides a
detailed breakdown of the impurities present in the substance,
allowing for a thorough assessment of potential safety risks. However,
impurity profiling is often underestimated, leading to insufficient
control and monitoring of impurities, which can have dire
consequences.

Impurities can affect drug stability, leading to the formation of toxic
degradation products over time. For instance, degradation of a drug
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under environmental stress conditions like heat and humidity can
result in harmful by-products, which may be unnoticed if impurity
profiling is not performed rigorously; this said in regards to the
API/drug substance related impurities.

Health risks associated with impurities

The presence of impurities in APIs poses significant risks to patient
safety, particularly if they have toxic, genotoxic, or carcinogenic
properties. Residual solvents like benzene or chloroform are known to
be toxic at certain concentrations, and elemental impurities such as
lead or mercury can accumulate in the body, leading to chronic health
conditions. Additionally, DNA-reactive (mutagenic) impurities can
increase the risk of cancer, making their control crucial

The failure to identify and control these impurities during the drug
development process can result in severe adverse reactions in
patients, potentially leading to drug recalls or even legal action against
the manufacturer.

Case Study: Requlatory actions due to impurities

One of the most notable cases of regulatory action due to impurities is
the global recall of Valsartan in 2018. It was discovered that batches of
the API contained unacceptable levels of N-nitrosodimethylamine
(NDMA), a probable human carcinogen. The impurity was introduced
during a change in the manufacturing process, highlighting the
importance of continuous monitoring and control of impurities, even
after a drug has been approved. This case signifies the necessity of
stringent impurity profiling, as failure to detect such impurities can
have catastrophic consequences for both patients and
pharmaceutical companies.

The consequences of non-compliance

Pharmaceutical companies that fail to adequately control impurities
face a range of negative consequences, from delayed drug approvals to
financial losses and reputational damage. Regulatory bodies such as
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the FDA require thorough documentation of impurity profiles during
the drug registration process. If impurity levels exceed the established
thresholds, additional toxicological studies may be required to qualify
the impurity, leading to delays in approval.

In extreme cases, non-compliance can result in the rejection of a new
drug application (NDA) or the withdrawal of a drug from the market.
This not only affects the financial bottom line of pharmaceutical
companies but also undermines public trust in the safety and efficacy
of their products.

The role of analytical techniques in impurity detection

Advanced analytical techniques play a critical role in the detection,
quantification, and characterization of impurities. Techniques such
as High-Performance Liquid Chromatography (HPLC), Gas
Chromatography (GC), and Mass Spectrometry (MS) are commonly
used to identify and quantify impurities in APIs. These techniques
allow for the precise detection of impurities at trace levels, enabling
manufacturers to ensure that their products meet regulatory
standards.

One of the most significant challenges in controlling impurities lies in
detecting them. Analytical techniques are essential for identifying and
quantifying impurities, particularly those present in trace amounts.
Modern analytical methods allow for the detection of impurities at very
low concentrations, often in the parts per million (ppm) or even parts
per billion (ppb) range. For instance, HPLC is widely used for
separating and quantifying organic impurities, such as degradation
products, while GC is employed for analyzing volatile compounds,
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such as residual solvents.

Table 3: Common analytical techniques for impurity profiling

Technique Purpose Advantages

HPLC Separation and quantification | High sensitivity and resolution
of organic impurities

GC Analysis of volatile impurities | Suitable for volatile and semi-volatile
(e.g., residual solvents) compounds

Mass Structural  elucidation  of | High accuracy in molecular weight

Spectrometry | impurities determination

Inductively Detection  of  elemental | Extremely sensitive for detecting trace

Coupled impurities (e.g., heavy metals) | metals

Plasma MS

(ICP-MS)

These methods, when combined with proper validation and
calibration, ensure that impurity levels remain within safe limits, thus
protecting both patient health and product integrity.

"Analytical techniques are the sentinels of drug safety—uwithout them,
the invisible dangers of impurities would wreak havoc unnoticed.”

Setting specifications and control strategies

The ultimate goal of impurity profiling is to establish acceptable limits
for impurities that ensure the drug remains safe and effective
throughout its shelf life. This involves setting specifications for each
type of impurity based on toxicological and safety data, which must
comply with regulatory guidelines such as ICH Q3A, Q3B, Q3C, and
Q3D°.
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ICH guidelines for setting specifications

ICH Q3A (R2): Establishes reporting, identification, and qualification
thresholds for organic and inorganic impurities in drug substances.

ICH Q3B (R2): Focuses on degradation products that arise in drug
products during storage and handling.

ICH @Q3C (R6): Provides safety limits for residual solvents based on
their potential toxicity.

ICH Q3D: Sets acceptable limits for elemental impurities based on
their toxicity and potential for bioaccumulation.

Table 4: A detailed table outlining the timeline of NDMA
(Nitrosodimethylamine) and NDEA (N-Nitrosodiethylamine)
impurities along with other impurity-related recalls

Date Company Product(s) Impurity Type
July 2018 Aurobindo Amlodipine Valsartan tablets NDMA
Aug 2018 Torrent Pharmaceuticals Ltd. | Losartan potassium tablets NDMA
Sept 2018 Mylan Valsartan-containing products NDMA
Oct 2018 Teva Pharmaceuticals Amlodipine/Valsartan tablets NDMA
Oct 2018 Losartan Potassium Losartan Potassium tablets NDMA
Hydrochlorothiazide

Nov 2018 Prinston Pharmaceutical Inc. | Valsartan tablets NDMA
dba Solco Healthcare LLC

Dec 2018 Prinston Pharmaceutical Inc. | Losartan and Irbesartan HCTZ tablets | NDMA
dba Solco Healthcare LLC

Jan 2019 Macleods Losartan and Irbesartan HCTZ tablets | NDMA

Feb 2019 Aurobindo, Acetris Valsartan and Amlodipine Valsartan NDMA

tablets
Feb 2019 WP Westminster Irbesartan tablets NDMA
Mar 2019 GSMS Inc. Losartan potassium tablets NDMA

*ICH Official Web Site: ICH accessed 30 September 2024.
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Mar 2019 Macleods Losartan potassium USP tablets NDMA
Apr2019 AHP Ranitidine liquid NDMA
Apr 2019 Apotex Corp. Ranitidine tablets NDMA
Apr2019 Sandoz Inc. Ranitidine hydrochloride capsules NDMA
May 2019 Glenmark Ranitidine tablets NDMA
May 2019 Aurobindo Pharma Ltd. Irbesartan drug NDMA
June 2019 Torrent Pharmaceuticals Ltd. | Valsartan Amlodipine HCTZ NDMA
June 2019 Camber Pharmaceuticals Inc. | Valsartan tablets NDMA
June 2019 Actavis Valsartan and Valsartan NDMA
Hydrochlorothiazide tablets
June 2019 Sagent Methylprednisolone Tablets NDMA
sodium succinate
June 2019 Gemini Laboratories Nizatidine Oral solution NDMA
Aug 2019 Time-Cap Labs Inc. Metformin Hydrochloride tablets Other
Sept 2019 Ricon ER Metformin Hydrochloride Other
Nov 2019 Lupin Metformin Hydrochloride Other
Sept 2019 Northwind Ranitidine tablets NDMA
Sept 2019 American Health Packaging | Ranitidine tablets NDMA
Jan 2020 Macleods Losartan Potassium USP tablets NDEA
May 2020 Gemini Laboratories Nizatidine Oral solution NDMA
Aug 2020 Becton, Dickinson and ChlorPrep® 3 mL applicator Other
Company
Nov 2020 Bayshore Pharmaceuticals, Metformin hydrochloride tablets Other
LLC

This table consolidates the data from the image into a detailed format,
showing the timeline of recalls or contamination issues with the
specific impurity identified for each. The impurities highlighted
include NDMA, NDEA, and other unspecified contaminants.

"For every drug recall, there is an impurity that could have been
prevented through better profiling and control.”
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Consequences of non-compliance: Regulatory and financial
impacts

Failure to comply with impurity control regulations can have
disastrous consequences for pharmaceutical companies. Non-
compliance can lead to delayed approvals, costly recalls, damage to
reputation, and even legal action. In extreme cases, companies may
face significant financial losses if a major product is withdrawn from
the market due to contamination or safety concerns.

In 2018, the Valsartan recalls alone resulted in estimated global losses
of over_ 8400 million due to lost sales and legal liabilities. These costs
could have been avoided with better impurity control practices
throughout the drug development and manufacturing processes.
Furthermore, non-compliance with ICH guidelines can result in
rejection of New Drug Applications (NDAs) or Marketing Authorization
Applications (MAAs), causing significant delays in bringing new drugs
to market.

Addressing the challenges: Best practices for impurity control

A proactive approach to impurity control is supreme for
pharmaceutical companies that aim to uphold the safety and efficacy
of their products. In an industry where patient health is of utmost
importance, it is crucial for manufacturers to implement a
comprehensive strategy that encompasses advanced analytical
techniques, continuous monitoring, and rigorous adherence to
regulatory standards. Such measures not only mitigate the risks
associated with impurities but also contribute to the overall integrity
of the pharmaceutical supply chain.

One of the foundational steps in this proactive approach is the early
identification of impurities. By integrating impurity profiling into the
initial stages of drug development, companies can conduct timely
assessments that identify potential risks long before the late-phase
clinical trials. This early intervention enables manufacturers to make
necessary adjustments to formulations and processes, thereby
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enhancing patient safety and streamlining development timelines. By
identifying impurities at an early stage, companies can avoid costly
failures and ensure a smoother transition through the development
phases. The implementation of robust analytical techniques is
another critical aspect of effective impurity control. A combination of
advanced methods, such as HPLC, GC, MS, allows for the detection of
a wide range of impurities, even at trace levels. These sophisticated
techniques provide a comprehensive profile of both the API and
excipients, enabling the identification of both known and unknown
impurities. Regular updates and validations of these analytical
methods ensure their continued effectiveness in light of new
discoveries and evolving formulations. Continuous monitoring
throughout the product lifecycle serves as another vital element in
maintaining product quality and safety. By conducting stability
studies and routine testing during the product's shelf life, companies
can detect any new impurities that may develop during storage. A
thorough stability testing program allows manufacturers to evaluate
how impurities behave under various environmental conditions,
facilitating informed decisions regarding storage practices and shelf-
life claims. This vigilant approach not only safeguards patient health
but also assists in meeting regulatory compliance requirements.
Adherence to regulatory guidelines is essential in the realm of
impurity management. Pharmaceutical companies must ensure that
their impurity specifications align with ICH standards and that these
specifications are regularly updated as new data becomes available.
Staying compliant with regulatory requirements helps prevent issues
of non-compliance and ensures that products consistently meet the
highest safety and quality benchmarks. In addition to these measures,
raw material quality control plays a crucial role in effective impurity
management. By rigorously evaluating the quality of all raw materials,
including excipients and APIs, companies can significantly reduce the
risk of introducing impurities during the manufacturing process.
Implementing stringent supplier qualification processes and
conducting routine testing of incoming materials ensures that only
high-quality substances are utilized, thereby minimizing the impurity
burden.
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Effective process control is also vital in preventing impurity formation
during manufacturing. Companies should embrace Quality by Design
(@bD) principles to optimize their processes, ensuring robustness and
consistency in the production of high-quality products. This approach
requires an understanding of how various factors—such as
temperature, pH, and mixing speeds—impact impurity levels,
allowing manufacturers to make necessary adjustments to minimize
risks. Stability testing is integral to impurity profiling and control. By
assessing the stability of drug products under various environmental
conditions, companies can pinpoint potential degradation pathways
and identify the formation of new impurities over time. This critical
information aids in establishing proper storage conditions and shelf-
life claims, ensuring that products remain safe and effective for their
intended use.

Lastly, the implementation of a Corrective and Preventive Actions
(CAPA) system is essential for fostering continuous improvement in
impurity control. When impurities are detected, a thorough
investigation should be conducted to identify the root cause. This
understanding can then be leveraged to implement corrective actions
that address the issue and preventive actions that help ensure that
similar problems do not occur in the future. Cultivating a culture of
continuous improvement allows pharmaceutical companies to
enhance their impurity control measures and better protect patient
safety.

22 Essay Competition 2024



perfarm comprahensive quality
checks

Assess purity of raw materials

Enforce supplier GMP adherence

Implement batehrio-bateh
consistency tasting

Validate HPLC, GC, MS or any other
techniques

Optimize methods for sensitivity and
aceuracy

Ensure repeatability and reproducibility

Regularly calibrate analyhcal

Instruments
Screen Tor impurities In sarly el cr:ﬂgﬁiﬂaﬂa&amﬂeﬁs "
development
Raw material Robust analytical " ,
f ontro method: Inimize impurity formation via
Profile raw materials and qualrty o ! i process oa‘t?:mlzat:on
intermadiates
Implement early-stage Conduct in-process impurity
impurity tracking testing
Early Process "

Identify potential detection control Identify and control sources

degradation pathways of varlability

L]
Practices for
. .
impurity control
Corrective Investigate impurity-related
Requlatory Action & issues
compliance Preventive
Action (CAPA) Develop comective strategies
Implemant preventive measures
1o reduce risks
Continuous
Stability testing monitoring Document and track all CAPA

Perform long-erm and accelerated
studies

Track impurity formation over time

Test under ditferent storage
conditions

Assess product sheif-life and safety

actions

Use real-time sensors for impurity
detaction

Apply statistical process control (SPC)

Identify trends in impurity levels

Implement cormective measures promptly

Fig. 2. Best practices for impurity control in pharmaceutics

Conclusion

In conclusion, the impurity profile of an API is not just a regulatory
requirement—it is a critical factor that determines the safety and
efficacy of pharmaceutical products. Impurities, whether organic,
inorganic, or residual solvents, can pose significant health risks if not
properly controlled. Regulatory guidelines such as ICH Q3A (R2), Q3B
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(R2), @3C (R6), Q3D, and ICH M7 provide a robust framework for
impurity control, but these guidelines must be strictly followed to
avoid catastrophic consequences.

In 2019 and 2020, the US FDA and the EMA intensified their focus on
nitrosamine impurities because of their toxic and mutagenic
properties. These impurities, which can arise from multiple sources
such as manufacturing processes or nitrosating agents in excipients,
are classified as highly hazardous. Even at trace amounts, they
present serious health risks, including cancer. In response, regulatory
authorities underscored the need for highly sensitive analytical
methods that can detect nitrosamines at extremely low
concentrations, often in the nanogram per milliliter (ng/mL) range.
This highlights the critical need for developing robust analytical
techniques to ensure the safety and compliance of pharmaceutical
products with stringent quality standards. Moreover, unlike
degradation impurities, nitrosamines may not originate from the
breakdown of APIs, but instead from manufacturing processes or
contaminated excipients. Due to their potent carcinogenic potential,
they pose significant hazards, even in minute quantities. Therefore,
while controlling both degradation impurities and nitrosamines is
essential for maintaining drug quality, the latter requires heightened
regulatory vigilance due to their mutagenic risks.

Further, pharmaceutical companies must prioritize impurity control
through the use of advanced analytical techniques, rigorous testing,
and continuous monitoring throughout the drug lifecycle. Failure to
do so can result in regulatory action, financial losses, and most
importantly, harm to patients. As the pharmaceutical industry
continues to innovate, the importance of impurity profiling must not
be underestimated—because in the world of medicine, even the
smallest impurity can have the largest consequences.

The impurity profile of an API is not merely a regulatory checkbox but a
fundamental aspect of ensuring drug safety and efficacy. Impurities,
whether they are organic, inorganic, residual solvents, or genotoxic
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agents, can pose serious health risks if not properly controlled. As
highlighted by the case studies and regulatory frameworks discussed
in this essay, the consequences of inadequate impurity profiling can
be devastating, both for patient health and for the financial viability of

pharmaceutical companies.
Message bespoke:

“Pharmaceutical companies must rise to the challenge, embracing not
only regulatory compliance but also a moral duty to safeguard public
health. The future of drug safety lies in a vigilant, uncompromising
approach to impurity profiling—because in this field, the most
dangerous impurity is the one you didn’t see coming. With the right
tools, foresight, and determination, we can eliminate these invisible
threats, ensuring that the medicine we rely on does exactly what it
was designed to do—heal, not harm.”

Essay Competition 2024 ™ 25



SECOND PRIZE(SILVER MEDAL) - 2024

"UNDERESTIMATED IMPORTANCE OF IMPURITY PROFILE IN API -
SERIOUS THREAT AND RESULTANT CONSEQUENCES"

SYNOPSIS

Impurity profiling in Active Pharmaceutical Ingredients (APIs) is
crucial to drug safety and efficacy. As drugs undergo synthesis,
transportation, and storage, impurities can develop from starting
materials, intermediates, or degradation processes. If left unchecked,
such impurities can compromise medications' safety and therapeutic
value. This essay delves into the underestimated importance of
impurity profiling in APIs, shedding light on its potential to cause
serious health threats and regulatory non-compliance. Case studies
such as the Valsartan NDMA contamination and the Heparin OSCS
incident are analysed to demonstrate the global impact of impurity
detection failures. These cases illustrate how inadequate monitoring
can lead to product recalls, financial losses, and even fatalities.

The essay explores national and international regulatory frameworks,
comparing stringent guidelines from organisations such as the
International Council for Harmonisation of Technical Requirements
for Pharmaceuticals for Human Use (ICH) with those in countries like
India, where impurity thresholds may vary. This essay also highlights
the significant role of technological advancements in impurity
profiling, such as Real-Time Release Testing (RTRT) and predictive
modelling. These advancements are not just tools but potential
solutions that are helping to strengthen impurity profiling. Significant
improvements in impurity management can be achieved by
implementing strategies like Quality by Design (@bD), harmonising
international standards, and improving education within
pharmaceutical manufacturing and regulatory bodies.

Ultimately, this calls for a concerted effort from manufacturers,
regulators, and researchers to prioritise impurity profiling throughout
the drug development lifecycle. With the globalisation of the
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pharmaceutical supply chain, the importance of maintaining strict
impurity controls cannot be overstated. Comprehensive impurity
profiling is essential for safeguarding public health, enhancing drug
quality, and ensuring compliance with global regulatory standards.
However, the fight against impurities is not a one-time battle. It's an
ongoing process that requires continuous innovation and harmonised
global efforts in impurity management.
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Underestimated Importance of Impurity Profile in API - Serious
Threat and Resultant Consequences

Impurity profiling plays a pivotal role in modern pharmaceutical
development, acting as a critical factor in guaranteeing the safety,
efficacy, and quality of Active Pharmaceutical Ingredients (APIs). As
the complexity of drug synthesis increases and regulatory standards
become more stringent, understanding and controlling impurities
become more crucial. Impurities can stem from various sources
during the manufacturing process, including raw materials, chemical
reactions, degradation, and environmental factors. If left unattended,
these impurities can jeopardise drug performance, trigger adverse
reactions in patients, and result in regulatory non-compliance. This
essay explores the significance of impurity profiling, the intricate
methodologies involved, such as chromatography, spectroscopy, and
mass spectrometry, and its pivotal role in upholding pharmaceutical
integrity in an increasingly globalised market.

I. Introduction

A. Background
1. Overview of Active Pharmaceutical Ingredients (APIs)

Active Pharmaceutical Ingredients (APIs) are the biologically active
components of pharmaceutical products that deliver therapeutic
effects. Their production involves complex chemical and biological
processes, necessitating strict quality control to ensure safety and
efficacy. Any deviation from the intended composition can drastically
impact the API's chemical makeup, potentially compromising its
ability to deliver the desired therapeutic effects. This makes quality
control vital for patients receiving safe and effective treatments. For
instance, in oncology drugs, even minor variations in the API can
profoundly affect the patient outcome.

2. Introduction to Impurities in APIs and Their Sources

Impurities, unintended substances in APIs, can emerge from raw
materials, synthesis by-products, residual solvents, or storage
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conditions (e.g., degradation due to light or moisture). These
unwanted chemicals are inherent to drug development but must be
controlled and monitored due to their potential risks. For instance, an
API produced under poor conditions might contain residual solvents
or react with atmospheric oxygen, forming degradation products. In a
recent incident, an anti-hypertensive drug was found to contain
carcinogenic impurities due to the improper handling of solvents,
leading to a global recall that affected [specific details of the recall].
This incident underscores the significant risks associated with
impurities in APIs.

B. Importance of Impurity Profiling
1. Role in Ensuring Drug Safety and Efficacy

Impurity profiling systematically identifies and quantifies unwanted
substances in APIs. Even trace impurities, present in minute
amounts, can be dangerous. For instance, nitrosamine impurities,
such as N-Nitrosodimethylamine (NDMA), are probable human
carcinogens. Therefore, impurity profiling safeguards efficacy and
ensures that toxicity thresholds are not breached. A 2018 recall of
blood pressure medications like valsartan due to the detection of
NDMA contamination underscores the significance of this process.

2. Relevance in Regulatory Compliance

Regulatory bodies like the Food and Drug Administration (FDA),
European Medicines Agency (EMA), and Central Drugs Standard
Control Organisation (CDSCO) have stringent guidelines on
acceptable impurity levels in APIs. Non-compliance can lead to
product recalls, fines, reputation damage, and approval delays. As
part of the regulatory submissions, detailed impurity profiles are
required to ensure the product meets safety standards. The
International Council for Harmonisation of Technical Requirements
for Pharmaceuticals for Human Use (ICH) guidelines set impurity
thresholds, and deviations can halt drug approvals, potentially
causing significant financial setbacks. Regulatory scrutiny has
intensified after recent scandals involving API contaminations,
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prompting companies to tighten impurity controls to avoid
disruptions.

C. Objective of the Essay
1. Addressing the Underestimation of Impurity Profiling

Despite its importance, impurity profiling is often underestimated due
to cost-cutting, lack of awareness, or misconceptions about low-level
impurities. Pharmaceutical manufacturers sometimes focus
primarily on the API while downplaying the importance of identifying
secondary substances. This can have dangerous consequences, as in
cases where minor impurities lead to significant adverse reactions.
The objective here is to bring to light the necessity of giving impurity
profiling the attention it deserves.

2. Highlighting the Serious Threats and Consequences

Using real-world examples, such as the Valsartan NDMA
contamination, this essay illustrates the dangers of inadequate
impurity profiling. Without proper impurity management, the
pharmaceutical industry risks compromising patient health and
violating regulations. These incidents show how impurity profiling is
essential for maintaining drug quality and ensuring patient safety,
making it a crucial part of the drug manufacturing process.

II. Types of Impurities in APIs

A. Synthetic Process-Related Impurities

Synthetic impurities arise directly from the chemical reactions
involved in producing APIs. These impurities can take various forms,
including by-products, intermediates, and residual solvents. Types of
impurities in APIs are outlined in diagram 1.

1. By-products

By-products are unintended chemicals formed from side reactions
during synthesis. For instance, chlorinated by-products can be
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formed during the synthesis of antibiotics, posing potential toxicity
risks if not thoroughly removed. A real-world example includes
chlorinated organic compounds found in some cephalosporin
antibiotics that required additional purification processes to eliminate
the harmful by-products.

2. Intermediates

Intermediates are compounds formed as part of a stepwise synthesis
process. These intermediates can remain in the final API if the reaction
is incomplete. In anti-cancer drugs like vincristine, incomplete
conversion can leave behind toxic intermediates that, if not identified
and removed, may have lethal consequences.

Types of Impurities in
APls

Synthetic Process- :
' : Degradation Products
Related Impurities STERDS S A0 e
7 “rvstallization-Relate: Tt i
- By-products Hydrolysis Crystallization-Related Functional Group.
= - Impurities y Related Impurities

Environmental
e Contaminants (e.g.,
Heavy Metals)

Stereochemistry- Shelf-Life-Related

Oxidation Related Impurities

Intermediates

e Residual Solvents e Chotodegradation

Diagram 1. Types of Impurities in APIs

Impuritics

3. Residual Solvents

Residual solvents are volatile organic chemicals used in the API
synthesis that may remain if the purification process is inadequate.
Certain solvents, such as dichloromethane or methanol, are
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hazardous if not completely removed. An example would be the
solvent-based synthesis of loratadine, where incomplete removal of
dichloromethane could lead to toxicity in patients.

B. Degradation Products

Degradation products arise from the breakdown of APIs due to
environmental factors like humidity, temperature, or light.

1. Hydrolysis

Hydrolysis, or breakdown by water, is common in APIs with ester or
amide bonds. Aspirin, for example, hydrolyses into salicylic acid,
which can cause gastrointestinal irritation if not controlled.

2. Oxidation

Oxidation occurs when the API reacts with oxygen, forming potentially
harmful degradation products. Vitamin C (ascorbic acid) is highly
prone to oxidation, forming dehydroascorbic acid, which significantly
reduces the drug's efficacy.

3. Photodegradation

Photodegradation involves the breakdown of an API due to light
exposure. Tetracycline is a notable example, as it degrades under light
exposure to produce toxic by-products that can harm the patient.

C. Crystallization and Stereochemistry-Related Impurities

Impurities related to the API's physical form or chemical structure can
affect its bioavailability and overall performance.

1. Crystallization-Related Impurities

Different polymorphs of an API can alter its solubility, stability, and
bioavailability. For instance, the antiviral ritonavir exhibited reduced
bioavailability when a less soluble polymorph unexpectedly appeared
during production.

2. Stereochemistry-Related Impurities
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Stereochemistry refers to the spatial arrangement of atoms in a
molecule, and in chiral APIs, enantiomers may have different
biological activities. The infamous case of thalidomide highlights this,
where one enantiomer had therapeutic effects while the other caused
severe congenital disabilities.

D. Contaminants

Contaminants are external impurities introduced during the
manufacturing process or from the environment.

1. Cross-Contamination during Manufacturing

Cross-contamination occurs when substances mix due to inadequate
cleaning or improper handling. A famous case involved heparin
contamination with over-sulphated chondroitin sulphate, resulting in
severe allergic reactions and fatalities.

2. Environmental Contaminants (e.g., Heavy Metals)

Heavy metals, such as lead or mercury, can be introduced during raw
materials or equipment production. These metals are highly toxic and
can lead to serious adverse health effects, including neurotoxicity and
kidney damage. Lead contamination in herbal supplements is well-
documented, highlighting the need for stringent impurity control
measures.

E. Functional Group and Shelf-Life-Related Impurities
1. Functional Group-Related Impurities

Specific functional groups, such as nitro groups, can form
carcinogenic compounds like nitroso impurities, which are highly
toxic even at low levels. For example, nitrosamines, which formed in
some angiotensin Il receptor blockers (ARBs), led to widespread recalls
due to their cancer-causing potential.

2. Shelf-Life Related Impurities

APIs can degrade, especially when exposed to moisture, light, or
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improper storage conditions. Levothyroxine, a drug used to treat
thyroid conditions, is known to degrade when exposed to moisture,
resulting in reduced potency over time. This emphasises the
importance of monitoring impurity levels throughout a drug's shelf life
to maintain its efficacy.

II1. Impurity Profiling: Techniques and Methodologies

A. Analytical Techniques for Identification
1. Chromatography (HPLC, GC)

e High-Performance Liquid Chromatography (HPLC): This method
separates and quantifies impurities based on their interaction with
the mobile and stationary phases. It is widely used to identify
impurities in both drug substances and products.

e Gas Chromatography (GC): This technique is ideal for analysing
volatile or semi-volatile impurities. Residual solvents in APIs can be
efficiently detected using GC.

2. Spectroscopy (NMR, IR, MS)

e Nuclear Magnetic Resonance (NMR): This technique provides
detailed molecular structure information, allowing for the precise
identification of impurities.

e Infrared Spectroscopy (IR): IR identifies impurities by detecting
functional groups based on their unique vibrational frequencies.

e Mass Spectrometry (MS): MS measures the mass-to-charge ratio of
molecules, offering precise molecular identification, particularly when
coupled with chromatographic techniques.

3. Hyphenated Techniques (LC-MS, GC-MS)

e Liquid Chromatography-Mass Spectrometry (LC-MS): Combines
HPLC with MS for detecting non-volatile impurities.
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e Gas Chromatography-Mass Spectrometry (GC-MS): Ideal for
volatile impurities, combining GC's separation power with MS's
analytical precision.

B. Quantification and Characterization
1. Threshold Limits (ICH Guidelines)

The ICH guidelines define impurity thresholds based on the daily dose
and type of impurity (genotoxic vs. non-genotoxic). Any impurities
exceeding the threshold require thorough identification and
toxicological evaluation.

2. Method Validation and Robustness

Method validation ensures impurity profiling methods' accuracy,
precision, and sensitivity, while robustness guarantees that these
methods remain consistent under different conditions, such as batch
variations.

C. Regulatory Guidelines
1. International Council for Harmonisation (ICH) Guidelines

ICH guidelines, including Q3A and Q3B, define impurity
identification, quantification, and threshold requirements, while ICH
M7 emphasises the risk assessment and control of mutagenic
impurities.

2. FDA and EMA Guidelines

The FDA and EMA closely align with ICH standards but impose region-
specific requirements, particularly for genotoxic impurities. For
example, the FDA’s actions against NDMA-contaminated drugs reflect
stringent oversight of impurity control in APIs.

3. National Regulatory Framework (India)

In India, the CDSCO enforces adherence to the ICH guidelines,
ensuring good manufacturing practices (GMP) are followed to
minimise impurity-related risks.
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IV. Consequences of Underestimating Impurity Profiles

A.Impact on Patient Safety
1. Adverse Drug Reactions (ADRs)

Impurities can lead to adverse drug reactions (ADRs), ranging from
mild symptoms to life-threatening conditions. For instance, NDMA
contamination in valsartan was linked to an increased cancer risk,
leading to global recalls.

2. Toxicity and Genotoxicity

Genotoxic impurities, such as nitrosamines, pose severe health risks,
as prolonged exposure can lead to cancer or other genetic damage. In
another instance, contaminated heparin caused widespread fatalities,
demonstrating the critical need for robust impurity controls.

3. Long-Term Health Implications

Chronic exposure to toxic impurities, such as aflatoxins, has been
associated with long-term health issues, including liver cancer. These
impurities in APIs pose significant risks to patient health,
underscoring the importance of regular impurity profiling.

B. Regulatory Non-compliance
1. FDAWarning Letters and Recalls

The FDA frequently issues warning letters or initiates recalls when
impurities in APIs exceed regulatory thresholds. The ranitidine recall
in 2020 was a direct result of high NDMA levels, leading to widespread
market withdrawals.

2. Regulatory Actions in India

In India, the CDSCO has also enforced recalls and stringent measures
to control the presence of impurities in pharmaceuticals. For instance,
several Sartan medications were recalled due to NDMA and NDEA
impurities, disrupting the pharmaceutical supply chain.

3. Global Case Studies of Compliance Failures
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Global recalls and compliance failures due to impurity-related issues
have led to significant financial losses and reputational damage. The
valsartan NDMA contamination case is one of the most prominent
examples, affecting manufacturers worldwide and highlighting the
importance of stringent impurity controls.

C. Manufacturing and Process Control Issues
1. Process Degradation and Yield Loss

Impurities not only affect safety but can also reduce manufacturing
yields. Incomplete purification can lead to residual solvents or other
impurities, which may require entire batches to be discarded, driving
up costs.

2. Stability and Shelf-Life Reduction

Impurities can cause degradation of APIs over time, reducing the
stability and shelf-life of the product. This necessitates additional
testing or product recalls, increasing operational costs and logistical
challenges.

3. Cost Implications

The removal of certain genotoxic impurities, such as nitrosamines, is a
costly process. However, failing to do so can result in even higher
expenses due to product recalls, fines, or legal battles.

D. Economic and Legal Consequences
1. Market Withdrawals and Legal Liabilities

Unsafe impurity levels can trigger market withdrawals and lawsuits,
as seen with the withdrawal of cerivastatin due to safety concerns.
This leads to financial losses and legal challenges, damaging the
company's health.

2. Impact on Brand Reputation

When a pharmaceutical company faces recalls due to impurity-related
issues, it can severely affect its brand reputation. Johnson &
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Johnson’s reputation suffered significantly following the Tylenol
cyanide contamination incident, emphasising the lasting effects of
impurity-related crises.

3. Financial Penalties

Failure to comply with impurity regulations can result in financial
penalties. For example, manufacturers of valsartan were fined
millions of dollars and faced legal settlements due to carcinogenic
impurities.

V. Case Studies and Examples

A. International Scenarios
1. The Valsartan Contamination Case

e Background: Valsartan, an angiotensin Il receptor blocker (ARB), is
used to treat high blood pressure. In 2018, it was discovered that
several batches of Valsartan were contaminated with N-
nitrosodimethylamine (NDMA), a carcinogen. The contamination was
linked to a change in the manufacturing process at Zhejiang Huahai
Pharmaceuticals in China. During the synthesis of the API, improper
temperature control and solvent recycling caused NDMA to form as a
byproduct.

e Consequences: The contamination triggered global recalls,
particularly in the United States and Europe, disrupting the
medication supply chain. This incident highlighted significant gaps in
oversight for pharmaceutical production, especially in companies
outsourcing API production. The financial losses were severe, with
patients and manufacturers facing uncertainty, legal issues, and
increased healthcare costs.

e Outcome: This case prompted international regulatory bodies like
the FDA and EMA to tighten their scrutiny on APIs, leading to a re-
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evaluation of impurity profiling practices. Guidelines were updated to
address the detection of nitrosamine impurities, encouraging
advanced technologies like liquid chromatography-mass
spectrometry (LC-MS) to identify and quantify even trace impurities.
Moreover, global pharmacovigilance efforts have increased to ensure
drug safety assessments include potential long-term impurities-
associated risks.

2. The Heparin Contamination Incident

e Background: In 2008, heparin, a widely used anticoagulant, was
found to be contaminated with over-sulphated chondroitin sulphate
(OSCS), an adulterant added to mimic the structure of heparin. This
contamination occurred primarily in raw materials sourced from
China and was a cost-cutting measure by some suppliers.

e Consequences: The contaminated heparin caused over 80 deaths
and severe allergic reactions in many patients worldwide, leading to a
widespread recall. The FDA launched investigations, and
manufacturers had to implement stricter measures to ensure the
integrity of their supply chains. The incident exposed the risks of
global supply chain vulnerabilities in pharmaceutical production.

e Outcome: As a direct result, the FDA revised its API supply chain
monitoring regulations, and pharmaceutical companies introduced
more stringent raw material verification processes. Advanced
analytical methods, such as nuclear magnetic resonance (NMR)
spectroscopy and high-performance liquid chromatography (HPLC),
were adopted to detect contaminants like OSCS. Regulatory
guidelines were tightened to prevent similar incidents, focusing on
traceability in sourcing.

B. National (Indian) Scenarios
1. The Ranitidine NDMA Impurity Case

e Background: In 2019, NDMA was detected in several batches of
ranitidine, commonly known as Zantac. The impurity formed due to
chemical instability could lead to the generation of NDMA under
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certain storage conditions, such as high temperatures. Given its
carcinogenic potential, the discovery of NDMA in ranitidine caused
alarm globally.

e Consequences: In India, the Central Drugs Standard Control
Organisation (CDSCO) issued urgent alerts and initiated product
recalls. The discovery undermined public trust in over-the-counter
medications and led to a significant reduction in the use of ranitidine
for heartburn and acid reflux. Sales plummeted, and healthcare
professionals had to recommend alternative treatments, such as
proton pump inhibitors.

* Outcome: This case illustrated the importance of thorough impurity
monitoring, even for long-established drugs. The incident led to the
adoption of better storage and testing protocols, especially for drugs
prone to chemical degradation. Additionally, India aligned more
closely with international guidelines on impurity testing, especially for
medications with widespread use in global markets.

2. Local Regulatory Actions and Recalls

e Background: India's CDSCO has proactively addressed
contamination and impurity-related issues in several critical
medications. Notable examples include:

o Metformin Recalls: NDMA contamination in specific metformin
batches led to widespread recalls in India. Given metformin's
extensive use for diabetes management, the recalls raised
concerns about potential long-term carcinogen exposure in a large
patient population.

o Antibiotic Contamination: Rifampicin, a key drug in
tuberculosis treatment, contained impurities related to
degradation products and incomplete synthesis. This raised
alarms as India is a high-burden country for tuberculosis, and any
disruption in the supply chain for such essential drugs could have
catastrophic public health consequences.

e Outcome: These actions emphasised the need for continuous
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monitoring and strict adherence to international impurity profiling
standards. Indian regulatory bodies have stepped up their scrutiny,
requiring pharmaceutical companies to perform routine impurity
analysis and submit detailed reports on API integrity. Manufacturers
have adopted more robust quality control processes to ensure
compliance with both local and global standards.

A summary of the drugs affected by impurities, the detected
impurities, resulting consequences, underlying causes, and
regulatory actions taken by regulatory bodies from 2008 to 2023
across various countries is outlined in Table 1.

Table 1. Summary of Drug Impurity Cases and Regulatory Actions

(2008-2023)

Year  Drug Impurity Consequences Reason Outcome Country g(e’:_;l;latory
Advanced
Severe Deliberate raw
2008 | Heparin OSCS reactions, . . Us FDA
adulteration material
deaths, recalls N
testing
Increased
Global recalls, Manufacturin nitrosamine China FDA,
2018 | Valsartan NDMA FDA warning, han. & testing, Us ? EMA,
cancer risk changes stricter EDQM
regulations
Recalls, Contamination | Stricter
2018 | Losartan BIDLALR lawsuits, during oversight, Wi FDA, EMA
NDEA . . Europe
warnings synthesis recalls
Drug
Global . .
2019 | Ranitidine NDMA withdrawal, | Degradation | withdrawn | US, FDA,
. during storage | from major | India CDSCO
lawsuits
markets
. Stricter
. Recalls, supply | Manufacturing | . . Us, FDA,
2020 |piietiopmin BIDRALES disruption contamination 1mpur.1ty India CDSCO
profiling
. Stricter
. - NDMA, Manufacturing | . . .
2020 | Rifampicin NDEA Recalls contamination | [MPULity India CDSCO
testing
Increased
2021 | Quinapril NDMA Recalls, cancer | Post-market | \ppga Us FDA
risk testing q
testing
2022 | Orlistat NDMA Recalls, Manufacturing |- Stricter Europe | EMA
warnings contamination monitoring
WA RS ERTES Formation Batches
2022 | Chlorpromazine | Nitrosamines | in some . Global EMA, FDA
. during storage | removed
countries
Allowed .
temporary use | Manufacturing Stricter
2023 | Sitagliptin NTTP s . . future Us FDA
with impurity issues .
. testing
limits
Recalls, Post-market Stricter Eurone
2023 | Liraglutide Nitrosamines | production X impurity Pe, EMA, FDA
testing L. UsS
halted monitoring
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VI. Strategies for Effective Impurity Management

A.Implementation of Comprehensive Impurity Profiling
1. Early-Stage Development Considerations

e Initial Impurity Identification: During the drug development,
impurities must be identified from the earliest stages. This includes
potential impurities from synthetic routes, raw materials, solvents,
and intermediates. In silico models can be utilised to predict possible
impurities based on reaction pathways and degradation processes. A
proactive approach to impurity management allows for better
decision-making later in production.

e Designing for Impurity Minimization: Quality by Design (QbD)
principles can be applied to minimise impurity formation from the
outset. For instance, selecting higher-quality starting materials and
optimising reaction conditions to avoid the generation of unwanted
byproducts can reduce impurity levels. Process optimisation tools,
such as Design of Experiments (DOE), are also essential in predicting
how changes in conditions might influence impurity profiles.

2. Continuous Monitoring during Manufacturing

e In-Process Controls: Real-time analytical techniques, such as
near-infrared (NIR) spectroscopy and mass spectrometry, can monitor
the presence of impurities during various stages of production. These
methods provide a way to identify deviations from expected impurity
levels, ensuring that corrective actions can be taken without delaying
production.

e Batch-to-Batch Consistency: Manufacturers must establish
stringent batch release criteria to maintain a consistent impurity
profile across different production batches. This includes setting tight
limits on impurities and employing advanced analytical methods to
confirm compliance. Furthermore, consistency in raw material quality
must be ensured to prevent variability in impurity profiles.

B. Adoption of Advanced Analytical Technologies
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1. Real-Time Release Testing (RTRT)

e Overview: Real-Time Release Testing (RTRT) represents a
significant advancement in impurity control. By using real-time data
from analytical tools like NIR spectroscopy and HPLC, manufacturers
can make immediate decisions about the quality of their products.
This minimises delays between production and market release, as
post-production testing is no longer necessary. RTRT also allows for
greater flexibility in adjusting manufacturing processes to control
impurity levels dynamically.

2. Predictive Modelling and Risk Assessment

e Predictive Modelling Tools: Software tools such as Aspen Plus or
ChemCAD can simulate chemical processes to predict the formation
of impurities under various conditions. By understanding how
temperature, pressure, and solvent use affect impurity profiles,
manufacturers can optimise production to minimise impurity
formation.

¢ Risk-Based Approaches: Impurities should be prioritised based on
their potential impact on product safety and efficacy. Genotoxic
impurities, such as nitrosamines, require particularly stringent
controls due to their potential to cause cancer. Risk assessment tools
like Failure Mode and Effects Analysis (FMEA) can assess the
likelihood and severity of impurities forming during production,
allowing manufacturers to allocate resources where they are most
needed.

C. Strengthening Regulatory Compliance
1. Harmonization of International and National Guidelines

e Global Alignment: Aligning national guidelines with international
ones, particularly those from the International Council for
Harmonisation (ICH), ensures that APIs meet consistent market
impurity thresholds. This is especially important for pharmaceutical
companies that export to regions like the EU and the US, where
impurity standards tend to be more stringent.
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¢ Regulatory Collaboration: Regular dialogue between regulatory
bodies, pharmaceutical companies, and stakeholders must keep
impurity guidelines up-to-date. As new analytical methods are
developed, these should be integrated into regulatory frameworks to
ensure that impurities are adequately detected and controlled.

2. Strengthening the Role of Quality by Design (@bD)

e @bD in Regulatory Practices: Incorporating QbD principles into
regulatory frameworks encourages pharmaceutical companies to take
a more proactive role in impurity control. This can reduce the
likelihood of deviations in impurity profiles, leading to a higher
success rate in meeting regulatory standards.

¢ Regulatory Incentives: Governments and regulatory bodies can
incentivise the adoption of QbD by offering expedited review processes
for companies that integrate these principles into their manufacturing
practices. This promotes innovation and leads to safer, more effective
products.

D. Training and Education
1. Enhancing Awareness in R&D and Manufacturing

e Targeted Training Programs: Regular training sessions for
research and development (R&D) teams and manufacturing staff can
increase awareness of the importance of impurity profiling. For
example, workshops on impurity detection methods or regulatory
requirements can equip staff with the skills needed to prevent
impurity-related issues.

e Continuous Learning: Given rapid advancements in analytical
techniques, continuous learning should be a core element of
pharmaceutical training programs. Online courses, conferences, and
certifications can help staff stay updated on the latest developments in
impurity profiling.

2. Regulatory Training for Compliance Officers
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e Up-to-date compliance Knowledge: Regulatory officers must be
well-versed in national and international impurity profiling
guidelines. Regular training updates ensure compliance officers can
adequately assess manufacturing practices and identify areas for
improvement.

e Practical Workshops: Hands-on workshops that simulate
inspections and audits can provide regulatory staff with the practical
experience to effectively enforce impurity management regulations.
These workshops can apply advanced analytical techniques, such as
RTRT or HPLC, to identify and control impurities.

VII. National vs. International Perspectives on Impurity Profiling

A. Comparative Analysis of Regulatory Frameworks
1. Stringency of ICH vs. Indian Guidelines

e ICH Guidelines: ICH Q3A and Q3B set stringent guidelines on
impurity thresholds, characterisation, and validation of analytical
methods. These guidelines ensure a high level of safety for patients by
limiting exposure to potentially harmful impurities. For example, ICH
Q3A specifies that impurities present at levels above 0.1% must be
identified, and their safety must be qualified.

¢ Indian Guidelines: While India’s CDSCO follows many of the same
principles, the impurity thresholds may differ, and there is often less
emphasis on method validation. This discrepancy can lead to
challenges in exporting APIs to stricter markets like the European
Union (EU) or the United States (US), where impurities must be
characterised more rigorously.

2. Impact on API Export and Import

e API Exports: Indian APl manufacturers who wish to export to ICH-
compliant countries must perform additional impurity profiling to
meet stricter guidelines. This can involve adopting new analytical
methods or increasing investment in quality control systems.
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e API Imports: APIs imported into India may meet local standards but
fail to comply with international ones. This can lead to issues when
Indian pharmaceutical companies seek to export finished products
made from these APIs to markets with stricter requirements, like the
EU or the US.

B. Case Studies of Regulatory Differences

e Valsartan Contamination Incident: This case illustrated the
difference in regulatory responses across regions. In the US and EU,
immediate recalls were issued, while responses were slower in other
parts of the world. This delay exposed patients in these regions to
higher risks, underscoring the need for global harmonisation of
impurity standards.

e Ranitidine NDMA Case in India: India acted swiftly after
international scrutiny on the presence of NDMA in ranitidine, but the
delay highlighted the need for better alignment with global standards.
The incident also emphasised the importance of robust impurity
detection methods in India’s regulatory framework.

C. Recommendations for Bridging Gaps
1. Harmonization of Standards

e Adoption of ICH Guidelines: Indian regulatory bodies, particularly
CDSCO, should fully implement ICH guidelines related to impurity
thresholds and analytical method validation. This would help ensure
that APIs produced in India meet the highest safety standards and are
suitable for export to any global market.

* Global Cooperation: Increased collaboration between regulators
from different countries can help harmonise impurity profiling
standards. Joint initiatives like international working groups can
share best practices and foster market consistency.

2. Capacity Building and Infrastructure Enhancement

¢ Investment in Technologies: Indian manufacturers must investin
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state-of-the-art analytical tools such as LC-MS and RTRT. These
technologies provide greater sensitivity and specificity in detecting
impurities, allowing for tighter control over product quality.

¢ Regulatory Training: Regular updates and training for regulatory
staff on emerging impurity guidelines and analytical methods are
crucial. This will ensure regulators can effectively oversee
pharmaceutical production and enforce compliance with national and
international standards.

3. Strengthening Quality by Design (@bD) Practices

e Integration of @bD: Indian pharmaceutical companies should
prioritise integrating QbD principles in their manufacturing
processes. This approach minimises impurity formation by designing
processes that control critical quality attributes from the outset.

e Incentives for Compliance: Incentivising companies that adopt
@QbD practices, such as expedited regulatory approvals, can
encourage greater compliance and improve overall product quality.

VIII. Conclusion

A. Recapitulation of Key Points

* Role of Impurity Profiling: Rigorous impurity profiling ensures
that pharmaceutical products are safe, effective, and compliant with
regulatory standards. Failure to properly manage impurities can
result in adverse reactions, product recalls, and significant financial
and legal consequences for manufacturers.

e Types of Impurities: Impurities can arise from various sources,
including synthesis, degradation, crystallisation, stereochemistry,
and contamination. Each type requires a tailored strategy for
detection and control.

e Analytical Techniques & Regulatory Guidelines: Advanced
analytical techniques like chromatography and spectroscopy are
critical for impurity detection. Compliance with ICH, FDA, EMA, and
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CDSCO guidelines ensures that these impurities are managed
effectively.

e Consequences of Neglect: Failure to manage impurities can lead to
adverse reactions, regulatory action, manufacturing inefficiencies,
and significant financial and legal repercussions.

e Effective Strategies: Strategies such as comprehensive impurity
profiling, adopting advanced technologies, strengthening regulatory
compliance, and enhancing training can mitigate these risks.

e National vs. International Perspectives: Harmonizing national
and international standards is essential for Indian manufacturers
looking to compete globally. Aligning with ICH guidelines and adopting
advanced technologies will improve product quality and ensure
regulatory compliance.

B. Call to Action

e Manufacturers: Pharmaceutical manufacturers must integrate
impurity profiling throughout the drug development and
manufacturing. This includes adopting advanced technologies and
ensuring compliance with global standards.

e Regulators: Regulatory bodies should enforce stringent impurity
guidelines and work towards global harmonisation to prevent
disparities in drug quality across different markets.

¢ Researchers and Academics: The scientific community should
continue innovating impurity detection and control methods.
Collaboration between academia, industry, and regulators is essential
for advancing impurity management practices.

C. Future Directions

e Advancements in Analytical Technologies: The development of
more sensitive and efficient analytical methods will enable better
pharmaceutical impurity management. Emerging technologies like
machine learning and artificial intelligence can predict impurity
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formation and optimise control strategies.

e Global Harmonization of Guidelines: Continued cooperation
between regulatory bodies will lead to greater alignment of impurity
standards across markets, enhancing the safety and quality of
pharmaceuticals worldwide.

e Green Chemistry and Sustainability: As the pharmaceutical
industry moves towards cleaner and more sustainable production
methods, reducing impurities through green chemistry initiatives will
become increasingly important.

In conclusion, impurity profiling is a critical component of
pharmaceutical quality assurance. By prioritising impurity
management and embracing innovation, the industry can ensure the
safety and efficacy of drugs, thereby protecting public health and
achieving global regulatory compliance.
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B. V. Patel Essay Competition History at a Glance

The trust conducts an all India level Essay Competition every year as one of its
activities. The selection of the subject depends on the importance and the current
happenings in the Sector. Any one interested in drugs and pharmaceuticals,
academically, industrially or otherwise, can participate in the competition. The
entries are generally invited in the month of July/August. The essays are evaluated
independently by a panel of judges comprising of the expert luminaries of
industry and academy. The essays of the winners are printed and distributed
duringthe IPCsince 1977.
The year-wise subjects chosen for the Essay Competition:
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1977 Good Manufacturing Practice in Parenterals
1978 Indian Pharmacopoeiafor the Future
1979 Documentation and Record Keeping in Drug Manufacture
1980 Drug Distribution
1981 Review and Modification of Drugs Legislationin India
1982 Industry Oriented Pharmacy Education - Its Means and
Modifications
1983 Role of Testing Laboratories in Assurance of Quality
Drugs
1984 Material Managementin Pharmaceutical Industry
1985 Status & Prospect Of Research and Development
1986 Manufacture of Dosage Forms - Problems and Remedies
1987 Advancesin the Technology of Industrial Pharmacy
1988 Role of Combination Productsin Drug Therapy
1989 1. Continuing Educationin Pharmacy
2. TrendsinPharmaceutical Research
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1990 -  Restructuring of Pharmacy Education

1991 - Biotechnologyin Pharmacy

1992 -  RoleofPharmacists on Stability of Pharmaceuticals

1993 - ISO 9000 and its Applicability to Pharmaceuticals-A
Pharmacists Perception

1994 -  Challengesand Opportunitiesin Pharmaceutical Research

1995 -  NewDrugDelivery Systems - Indian Scenario

1996 -  Traditional Medicines - Sources of New Drugs

1997 -  Clinical Pharmacy in India - Emerging Facet of the Pharmacy
Profession

1998 -  Community Pharmacy

1999 -  Revision of Indian Patents Act 1970 And its Impact on

Availability and Cost of New Pharamceuticals

2000 - Information Technology-Revolutionary Impact on
Pharmaceutical, Sciences

2001 -  Aesthetic Design of A Manufacturing Unit in Compliance with
National Regulatory Requriementand WHO - GMP

2002 - Genomics and Proteomics: Treasure for Drug Discovery

2003 -  Pharmacy Education: Current Problems and Suggested
Solutions

2004 - Industrial Growth in Changing Scenario: Strategic Options for
Smalland Medium Enterprises (SMES)

2005 - Roadmap to Globalization of Ayurveda as Recognized
Healthcare System

2006 -  Prospectsfor CROin next Five Years: Indian Capabilities

2007 -  Distribution of Pharmaceuticals and Drugs in India: Its

Science, Commerce and Ethics

2008 -  Medical Devices: Opportunities For Indian Industry
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2009
2010
2011
2012
2013
2014

2015

2016
2017

2018
2019

2021

2022

2023

Steps to Revitalize Pharmacy Professionin India
Innovation: Driver for Growth of Indian Pharma ?
Vaccines In Healthcare: Indian Perspective And Potential
Drug Affordability in India - Post 2005

Patent - The Need for Efficient Handling of Disputes

Pharmacists in a State of Mortification: Reasons,
Responsibilities of Stakeholders and Remedy

Pathway for Zero Defect Product and Production in
Pharmaceutical Industry

Clinical Trialsin India and China: Advantages and Disadvantages

Stem Cell Based Therapeutics: A Revolution Changing the
Treatment Paradigm

Advertising in Pharmaceuticals: Therapeutic or Toxic
Drug Discovery: Opportunities and Challenges in using Artificial
Intelligence

Role of Pharmaceutical Research Scientist and Industry in the
Pandemic

Role of Pharmacy Institutions in Innovation and Start-ups to
make AtmaNirbhar Bharat

Increasing role and importance of advanced technologies like
artificial intelligence, block chain technology, 3-D printing in
drugs and pharmaceutical industries
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