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Validation of Stability-Indicating HPLC
Methods for Pharmaceuticals: Overview,
Methodologies, and Case Studies
This installment is the third in a series of three articles on stability testing of small-molecule pharmaceuticals. This article
provides a comprehensive and updated overview of the validation of stability-indicating methods for drug substances
and drug products, and addresses regulatory requirements, validation parameters, methodologies, acceptance criteria,
trends, and software tools. Examples of generic protocols, reporting templates, and data summaries are included as
supplemental reference resources.
Michael W. Dong, Kim Huynh-Ba, and Anissa W. Wong

T

he validation of analytical procedures
used in regulated stability testing of
drug substances (DS) and drug products
(DP) is required by law and regulatory
guidelines. For instance:
“The accuracy, sensitivity, specificity, and
reproducibility of test methods employed
by the firm shall be established and documented. Such validation and documentation may be accomplished in accordance
with 211.194(a)” (1).
“The objective of validation of an analytical
procedure is to demonstrate that it is suitable for its intended purpose” (2).

Method validation is the process of
ensuring that a test procedure is accurate, reproducible, and sensitive within the
specified analysis range for the intended
application. Although regulatory authorities
require method validation for the analytical
procedures used in the quality assessments
of DS and DP, the actual implementation
is open to interpretation and may differ
widely among organizations and in different
phases of drug development. The reader is
referred to regulations (1), guidelines (2–5),
books (6–9), journal references (10, 11), and

other resources (12) for further descriptions cedures are also part of the specifications
or discussions of associated regulations, that are submitted to and approved by a
methodologies, and common practices. regulatory agency. Therefore, changes in
This article focuses on methodologies for a method must be monitored closely (13).
small-molecule DS and DP (such as tab- After product launch, changes may need
lets and capsules). Analytical procedures to be managed through a formal change
for biologics, gene and cell therapies, and control program, depending upon the
genotoxic impurities are not discussed (6).
changes, because prior approval from the
The purpose of method validation is to regulatory agency, based on ICH Q10, may
confirm that a method can execute reliably be required (14).
and reproducibly as well as ensure accurate
This section describes data elements
data are generated to monitor the quality required for method validation (see Figure
of DS and DP. It is essential to understand 1) extracted from ICH Q2 (R1) and United
the intended use of the method to design States Pharmacopeia (USP) general chapan appropriate validation plan. The require- ter <1225> (3). Table I lists definitions of
ments of the plan also must be suitable the required method validation parameters,
for the phase of development, because extracted from ICH Q2 R1. Discussions of
method validation is an ongoing process each parameter follow in the next section.
through the life cycle of the product.
Table II lists the data requirements of
The method validation process can different types of analytical procedures. as
be broken down into three main steps: listed in USP <1225> (3). As described in
method design, method validation, and the previous article in this series (15), the
method maintenance (continued verifica- analytical procedures used today are pretion). Thus, the method itself continues to dominantly “composite” reversed-phase
evolve throughout the product develop- liquid chromatography (RPLC) gradient
ment life cycle. A method is typically “fully” methods with UV detection for the simulvalidated at a late phase prior to testing of taneous determinations of both potency
the biobatches (validation batches). Based (active pharmaceutical ingredient, or API)
on the International Council for Harmoniza- and impurities and degradation products.
tion (ICH) Q6 guideline (13), analytical pro- These high performance liquid chromatog-
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raphy (HPLC) methods often do double
duty as a secondary identification test to
supplement the spectroscopic identification (such as infrared or UV) of the API in
DS or DP samples. For these reasons, the
validation data elements required include
those for USP Assay Category I (assay),
Category II (quantitative), and Category IV
(identification), as shown in Table II.
The stability-indicating assay for potency
and impurities should physically separate
(baseline-resolve) the API, process impurities, and degradation products above the
reporting thresholds (RT) (15–16). HPLC
method development is not considered a
good manufacturing practices (GMP) activity and typically is performed by an experienced separation scientist (6). In contrast,
validation of late-stage methods (such as
in Phase 3) is considered a GMP activity (1)
and is conducted according to a written
protocol with predetermined acceptance
criteria. A team typically performs method
validation, for faster execution.
For new drug development, regulatory
agencies have been advocating the use of
science-based and risk-based approaches,
phase-appropriate method development
and validation, and application of quality by
design (QbD) principles (7,12,17–18). Phaseappropriate method validation means that
early-phase (Phase 1) methods require cursory validation efforts to verify the “scientific
soundness” of the method (18–19) (such as
the verification of method performance and
accuracy with laboratory notebook documentation only). Late-phase methods, however, require full validation in compliance
with ICH guidelines (2) with an approved validation protocol and predetermined method
performance acceptance criteria.
Also, details of the analytical procedures used in critical quality assessments
of clinical trial materials (CTM), including
method validation data, must be submitted in regulatory filings, such as Investigational New Drug (IND) applications
and New Drug Applications (NDAs). A
section on method development can
be included in the method validation
report. This method development section should also include justifications of
the choice of the analytical methods and
mode of separation. A complete method
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Filtration Studies

FIGURE 1: A diagram listing of validation requirements of analytical procedures extracted from USP <1225> and ICH Q2 (R1).
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FIGURE 2: Diagram illustrating peak purity assessments using a photodiode array
(PDA) detector and mass spectrometry (MS). Panel (a) shows that the UV spectra of the
leading, apex, and trailing parts of the first peak, which look similar visually so that one
might conclude erroneously that the first peak contains only one single component.
Panel (b) shows that the first peak contains two components with parent [M+H]+1 ions
at 309 and 287, indicating two coeluted components in the first peak. Reprinted with
permission from Waters Corporation.

development report is also helpful in
establishing control strategies for the
analytical procedure (6,15).

Method Validation
Parameters: Methodologies
and Acceptance Criteria
In this section, the method validation parameters listed in Table I are discussed in detail
regarding methodologies and includes
examples of acceptance criteria adopted by
specific laboratories.

Specificity
Specificity is the ability of a method to discriminate between the critical analytes and
other interfering components in the sample.
UV detectors are predominantly used in
stability-indicating analytical procedures
and detect any chromophoric compounds
with absorbance at the specified monitoring
wavelength. Thus, any coeluted peaks will
lead to inaccurate results for these analytes.
The specificity of the HPLC method is demonstrated by the physical separation of the
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zation and can serve as a system suitability
test (SST) solution in sample analysis (6,10).
Parameter Definition
Furthermore, specificity is assessed by a
Unequivocal determination of the target analyte in the presence of compopeak purity determination using a photoSpecificity
nents that may be expected to be present (impurities, degradants, matrix)
diode array detector (PDA) or a mass specThe closeness of agreement between the true value, the accepted
trometry (MS) instrument (example shown
Accuracy
value, and the value found
Figure 2) (6). In practice, the best secondary
Agreement (degree of scattering) between a series of measurements from
“orthogonal” technique generally does not
multiple sampling of a homogenous sample. Aspects include: repeatability
Precision
use a totally different separation mechanism,
(same test), intermediate precision (different days, instruments, or analysts),
reproducibility (different laboratories in collaborative studies)
but rather uses another RPLC method with
Lowest levels (amounts or concentrations) at which target analytes are
different selectivity (6,7,12). It is beneficial to
detected or reliably quantitated. Aspects include detection limit (DL),
have an MS-compatible method in earlyor limit of detection (LOD), quantitation limit (QL) or limit of quantitation (LOQ).
phase development for peak tracking and
LOD = Lowest amount detected but not always quantitatively determined
Sensitivity
rapid identification of unknown peaks (15).
LOQ = Lowest amount quantitatively determined (with suitable accuracy)
LOQ of the method must be lower than the ICH reporting thresholds for
All components of interest should be
impurities (16). This level typically means 0.05% for DS and 0.10% (DP),
identified by the observed retention time.
respectively, for most cases.
Most non-specified impurities are “identiDirect proportionality of test results to the concentration or amount of
fied” by their relative retention time (RRT)
Linearity
analytes
relative to the API peak (6) for early-phase
The interval between the highest and lowest concentration amount
methods. For complex separations, a retenRange
of analyte that can reliably be determined with a suitable level of precision,
tion time marker solution should be included
accuracy, and linearity
in the SST procedure to reduce the risk of
Capacity to remain unaffected by small, deliberate variations in method
Robustness
peak misidentifications resulting from retenparameters
tion time shifts (6). If reference materials
Source: Extracted from ICH Q2 (R1), Validation of Analytical Procedures, 2005 (2).
of impurities are not yet available in early
development, a mixed forced-degradation
APIs from other components such as process
A typical specificity validation study dem- or aged accelerated stability sample (such
impurities, degradants, or excipients (6). Dur- onstrates that contaminants or reagents as one aged for three-months at 40 oC and
ing initial method development, forced deg- cause no interference; this is done by running 75% RH), should be included as an interim
radation studies are used to investigate the a procedural blank and a placebo extract for substitute in SST to aid in the identification
main degradative pathways and to provide a drug product method. A placebo is a mock of key analytes.
samples with sufficient degradation products drug product that contains similar amounts
to evaluate the ability of the initial analyti- of excipients in the formulation without the Accuracy
cal procedure to separate the degradation API. A mixture of API spiked with impurities The accuracy of an analytical procedure is
products formed (for example, to demon- or degradation products available as refer- the closeness of the test results obtained by
strate method specificity) (2, 13). Forced deg- ence materials can be used as a “cocktail” that procedure to the true values. Accuracy
radation or stress studies may be repeated or a retention marker solution. This marker studies are usually evaluated by determinduring late-phase validation.
solution is useful for further method optimi- ing the recovery of spiked analytes to the
TABLE I: Method validation parameters (definitions)

TABLE II: Data elements required for validation of various compendial procedures
Analytical
Performance
Characteristics

Assay
Category I
(API, potency)

Assay Category II
(Quantitative;
Impurities)

Assay Category II
(Limit test;
cleaning verification)

Performance Assay
Category III
(Dissolution)

Category IV
(Identification)

Accuracy

Yes

Yes

*

*

No

Precision

Yes

Yes

No

Yes

No

Specificity

Yes

Yes

Yes

*

Yes

Detection Limit

No

No

Yes

*

No

Quantitation Limit

No

Yes

No

*

No

Linearity

Yes

Yes

No

*

No

Range

Yes

Yes

*

*

No

Source: Table II adapted from USP <1225>, *Validation of Compendial Procedures.* May be required. Note that most laboratories develop “Composite”
stability-indicating methods (Cat. I + II Quantitative) for API (potency) and impurities, which often serve as identification testing for the API (Cat. IV).
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TABLE III: Data summary of a nine-sample protocol for accuracy, precision, and range of a DP assay method
Nominal Level (Range)
70%

100%

130%

Preparation No.

% Recovered

1

100.9

2

100.9

3

101.0

1

101.0

2

101.2

3

101.4

1

100.6

2

101.1

3

101.0

Average % Recovered

%RSD

100.9

0.1

101.2

0.2

100.9

0.3

100.4

0.4

Overall
Source: Table III data from L. Wigman, PBSS Quality Control Workshop, Foster City, Nov. 2012.

6.792

0.035

0.50

0.020

10.00
15.00
Minutes

20.00

Isomer

8.170

Precursor

0.015

8.550

0.005

7.590

5.127

0.010

13.871

5.00

API

Supelco Ascentis RP-Amide
(3 µm, 100 x 4.6 mm i.d.)
Mobile Ph.: 25 – 65% B in 15 min
65 – 90% B in 5 min
A: 0.05% TFA
B: 0.03% TFA in ACN
Flow Rate: 1.0 mL/min @ 30C
Detection: UV at 230 nm
Sample:
30 µL of API at 1.0 mg/mL

11.963

0.00
0.00

Column:

10.170

AU

0.025

6.398

1.00

0.030

AU

matrix of the sample (such as the diluent for
DS and placebo for DP). If a placebo is not
available, the technique of standard addition
or sample spiking is used. Accuracy must be
evaluated at both assay and impurities levels
to ensure that the method has acceptable
recoveries from nominal placebo concentration that are free from interference.
Method validation for accuracy is typically
assessed using a minimum of nine determinations over a minimum of three concentration levels covering the specified analysis
range (from independent preparations). The
typical range is 80–120% for assay of the API
and from the reporting thresholds to at least
120% of the proposed specification limits for
impurities and degradation products.
Table III shows a summary of data from a
nine-sample study protocol for the simultaneous validation of accuracy, precision, and
range of a DP assay methods.
Many organizations have recommendations for acceptance criteria in
the company’s standard operating procedures (SOPs). Table IV shows typical
acceptance criteria for the validation of
accuracy and precision (analytical precision) used by an analytical laboratory
for late-phase methods. It uses a sliding
scale to allow for higher allowable recovery ranges for low-level impurities (12).
For new chemical entities (NCEs), the
impurities may not be identified or specified
during early-phase development; thus, they
may be monitored using area percent and
identified using RRT. Once the project proceeds to the later phases, impurities should

0.000
-0.005
2.00

4.00

6.00

8.00
Minutes

10.00

12.00

14.00

FIGURE 3: HPLC analysis of the final pre-IND (phase 0) stability-indicating method of
a new chemical entity (NCE) in a DS sample. This method was validated to provide
stability data for a pivot toxicological evaluation of the drug candidates in a contract
research organization. The HPLC column and operating conditions are shown in the
inset. The method development process was described in reference (6), and this figure
is adapted from the same reference.

be calculated as a weight/weight percent of
the active. Accuracy should be studied for
impurities that have authentic substances
available, and relative response factors (RRF)
should be established. For any unspecified
impurities, a surrogate reference material
with a closely related structure or absorbance can be used for quantitation.

Precision:
Repeatability and Reproducibility
Method precision is a measure of the ability of a method to generate reproducible
results. The precision of a method is evalu-

ated for repeatability, intermediate precision,
and reproducibility. Precision must be evaluated at the assay and impurities levels.
Repeatability is a measure of the ability
of a method to generate similar results for a
single preparation or multiple preparations
of the same sample by one analyst using the
same instrument on the same day. There are
two types of repeatability, known as system
repeatability and analysis repeatability.
System repeatability is determined by
multiple injections of the same reference
solution (at least five replicate injections). An
acceptable level of system repeatability in
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TABLE IV: An example of acceptance criteria for accuracy and precision validation for an API and known impurities or degradation
products in late-phase methods
Concentration Range for Process Impurities
and Degradation Products and API
APIs

Accuracy
% Recovery

Precision
Analysis Repeatability

Mean (per concentration level)

Individual

%RSD

RT ≤ y < 2 x RT
for example, 0.05 ≤ y < 0.10%

70.0 –130.0

NA

15.0

2 x RT ≤ y < 5 x RT
for example, 0.10 ≤ y < 0.25%

80.0 –120.0

NA

10.0

5 x RT ≤ y < 20 x RT
for example, 0.25 ≤ y < 1.0%

90.0 –110.0

NA

5.0

20 x RT ≤ y < 100 x RT
for example, 1.0 ≤y < 5.0%

95.0 –105.0

NA

3.0

For API in DS
80.0 % ≤ y ≤ 120.0

99.0 –101.0

98.0–102.0

1.0

For API in DP
80.0 % ≤ y ≤ 120.0

98.0 –102.0

97.0–103.0

2.0

Note: RT= Reporting threshold, according to ICH Q3A (R2). Data from reference 12.

TABLE V: Typical linearity and range acceptance criteria for pharmaceutical testing
Test

Linearity
Levels and Ranges

Acceptance Criteria

5 levels, 80% to 120%
70–130% (CU)

Correlation coefficient, r
r ≥ 0.999
(% y-intercept ≤2.0%)

Impurities

5 levels
50% to 120% of specification

r ≥ 0.98

Dissolution

5 to 8 levels
10% to 120% or ±20% of the specified range

r ≥ 0.99
(% y-intercept ≤5.0%)

5 levels
LOQ to 20 times LOQ

r ≥ 0.98

Potency assay and
Content uniformity (CU)

Cleaning validation

Note: Examples of Linearity and range criteria of other method types are included for comparative purposes.

terms of peak area precision is a mandatory
requirement for any quantitative HPLC analysis that will be included in a regulatory submission. Repeatability must be verified by a
SST before any regulatory testing can be performed. Traditionally, most laboratories would
set a relative standard deviation (RSD) value
of <2.0% for peak area precision as a default
acceptance criterion. This value is too broad
for modern HPLC and ultrahigh-pressure liquid chromatography (UHPLC) autosamplers,
which are routinely capable of a precision
level of 0.1–0.2%. A more realistic and useful
acceptance limit is an RSD of ≤0.73% for n = 5
injections, according to USP <621>.
For late-phase methods, system repeatability must be studied at the quantitation
limit (QL) level to ensure reliable precision
at this level in the validation study. This precision is accomplished by injecting the QL

solution six times and calculating the %RSD.
Typical acceptance criteria are peak area
RSD ≤10% for six injections with a signal-tonoise ratio (S/N) of ≥10. Tighter acceptance
criteria can be set for impurities present at
higher concentrations (as shown in Table IV).
An injection of a QL concentration is used
to verify method sensitivity as part of system
suitability testing for an impurity method (6).
Analysis repeatability is assessed for the
entire analytical procedure, including sample
preparation. It can be evaluated using a minimum of nine preparations, as shown in Table
III, or six determinations at 100% of the test
concentration. Analysis repeatability is performed by one analyst on one instrument
using multiple sample preparations.
The acceptance criterion for analysis
repeatability should be set at an RSD of ≤1.0%
for the API in DS because of the tight specifi-

cation, typically 98–102%. Similarly, the acceptance criterion of ≤2.0% RSD of the API in DP
is recommended. The acceptance criteria for
analysis repeatability for impurities is typically
set at ≤5.0% RSD for known impurities and
degradation products at 10 times the reporting thresholds (RT), such as those shown in
Table IV. The study can be performed using
an authentic substance or a surrogate.
Intermediate precision, synonymous with
the term ruggedness, is a measure of the variability of method results where samples are
tested and compared to those obtained by
different analysts, using different equipment
and on different days. This study is a measure of intralaboratory variability—the precision that can be expected within a laboratory.
Intermediate precision is strongly affected
by the design of the protocol (such as how
many sources of variance are included) (7). It
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should be noted that because the method is
intended for assay and impurities, intermediate precision should be studied at both assay
and impurity levels.
Reproducibility is the precision obtained
when samples are prepared and compared
between different testing sites. Method
reproducibility is often assessed during collaborative studies at the time of technology
or method transfer (such as from a research
facility to a quality control laboratory of a
manufacturing plant or contract manufacturing organization) (7–8).

Sensitivity: Detection Limit
and Quantitation Limit
The method detection limit (DL), also known
as the limit of detection (LOD) is the smallest amount or concentration of analyte that
can be detected. There are several ways to
calculate LOD, as discussed in ICH Q2 (R1)
(2). The simplest way to calculate LOD is to
determine the amount (or concentration) of
an analyte that yields a peak height with a
S/N of three (6). This can be performed for
the materials of specified identified impurities that are available or a surrogate. During
validation, the LOD should be verified with at
least three injections of the diluted solution
to meet at least three times the S/N.
The quantitation limit (QL), also known as
the limit of quantitation (LOQ), is the lowest
level of an analyte that can be quantitated
with some degree of certainty (with a precision of 5–10%) (6). The simplest way to calculate LOQ is to determine the amount (or
concentration) of an analyte that yields a
peak with a S/N >10. Thus, LOQ is roughly
equal to three times LOD. As noted in Table
II, the validation of LOQ is required only for
stability-indicating methods for the determination of impurities and must be verified by
SSTs for each sample sequence. The LOQ
must be less than or equal to the reporting
threshold (16). It is customary to include a
blank, sensitivity solution (by spiking the API
at 0.05% or 0.1% level into the sample diluent), and a retention marker solution in the
SST sequence to verify method sensitivity
and specificity performance (6).

Linearity and Range
The linearity of a method is its ability to obtain
test results that are directly proportional to

TABLE VI: Typical parameters and range for method robustness evaluations

Column consistency
•
Three columns packed by bonded phases from three different silica lots
Mobile phase
•
pH (±0.1–0.2 units)
•
Buffer concentration (±5–10 mM)
•
Percentage of organic modifier (±2–4% mobile phase B)
Sample
•
Injection volume or sample concentration
•
Solvent strength for the final solution
Column temperature (±5 °C)
Detector wavelength (±3 nm)
Solution stability: All sample and reference solutions should have solution stability
determined up to seven days, if possible.
Gradient
•
Dwell volume
•
Gradient time (tG, ± 2–5 min)
Note: Information in this table is adapted from reference 6 as a reference guide.

the sample concentration or amount over a
given range. For quantitative HPLC methods,
the relationship between detector response
(peak area) and sample concentration (or
amount) is used to make this determination
using the external standardization method.
Linearity is essential for HPLC methods with
UV detection, which uses a single-point calibration with a reference standard solution at
100%. For late-phase methods, a low-level
standard (1%) that has a concentration closer
to the concentration of the impurities should
be used as part of system suitability testing
to quantitate the impurities in the samples.
Table V summarizes the typical linearity levels
and ranges for late-phase methods, as well
as the acceptance criteria for various pharmaceutical method types for comparative
purposes (6). For composite stability-indicating assays, linearity validation is conducted
at five concentration levels for both API and
impurities, and the coefficients of linear correlations are reported. During late-phase validation, the correlation coefficient, y-intercept,
slope of the regression line, and residual sum
of squares should be determined according
to ICH Q2 (R1) (2).
The range of an analytical method is
the interval between the upper and lower
concentration of a sample that has been
demonstrated to show acceptable levels
of accuracy, precision, and linearity. For
early-phase HPLC-UV methods that use
the normalized area percentage (%area),

the maximum absorbance of the API
peak should be kept <2 absorbance units
(AU) to prevent detector signal saturation,
which may lead to a failure in method linearity validation (6,15). The range should
be determined for assay and impurities
before the biobatches (validation batches)
are tested.

Robustness
Robustness is a measure of the performance of a method when small, deliberate
changes are made to the specified method
parameters. Robustness evaluation is used
to identify critical parameters for the successful implementation of the method. For
early-phase methods, robustness is partially
evaluated during method development
when conditions are optimized to improve
resolution and other method performance
criteria (such as specificity, peak shape, sensitivity, solution stability). Robustness must be
verified during full method validation before
registration; an example is shown in Table VI
(6). These factors can be evaluated one factor
at a time, or preferably systematically using
design of experiments (DoE) (5, 7, 16–17) or
other software packages.

Stability of Solutions
and Filtration Validation
The stability of solutions should be evaluated
during method development to ensure the
soundness of the analytical procedure; this
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TABLE VII: Acceptance criteria for the stability of solutions and filtration studies
Validation Parameter
New degradation products or contaminants
API

Stability Solution

Filtration Study

≤ 0.05%

≤ 0.05%

≤ 2.0%

≤ 2.0%

Impurities
RT ≤ y < 2 < RT

≤ 50.0%

≤ 50.0%

2 x RT ≤ y < 10 x RT

≤ 30.0%

≤ 30.0%

10 x RT ≤ y < 20 x RT

≤ 20.0%

≤ 20.0%

20 x RT ≤ y < 100 x RT

≤ 10.0%

≤ 10.0%

Notes: RT = reporting threshold. Data extracted from reference 12.

TABLE VIII: Recommendations of phase-appropriate method validation requirements
Product Development Stage

Validation Requirements

Pre-clinical (before human studies)

Specificity, linearity, sensitivity

Phase 1 to 2A clinical studies

Specificity, accuracy, LOD, LOQ, precision-repeatability, solution stability

Phase 2B to phase 3 clinical studies

Linearity, range, intermediate precision—repeat the validation if the method is changed

Initiation of registration batches,
NDA submission

Complete the full validation as per ICH Q2 (R1), including solution stability and robustness
(preferably performed at Phase 3).

evaluation should be conducted systematically as part of the full method validation
study before drug product registration.
All sample and reference solutions used
in the analysis should have solution stability
determined for up to seven days, if possible.
This evaluation is essential because solution stability problems can cause inaccuracy
when prepared samples cannot be analyzed
on the same day or within expiry. Stability
and storage conditions should be described
in the analytical method. A more extended
validation period for a stable API solution is
helpful for laboratory productivity because
reference solutions may be reused without
preparing fresh solutions.
A filtration study for a DP test method
should be conducted on at least one globally available filter (such as a disposable
22-mm 0.45 µm syringe filter) (12) if a filter
is used. Filtrates collected sequentially from
a sample solution spiked with impurities (a
mixture solution), and a solvent blank should
be analyzed and compared with centrifuged
or unfiltered samples of the same solutions
to evaluate the recovery of all analytes and
to demonstrate that there is no interference
from filter contaminants (12). Recommended
acceptance criteria for such validation stud-

ies from a specific pharmaceutical company
are shown in Table VII (12).

Method Validation Approaches
and Software Platforms
In this section, current method validation
approaches recommended by regulatory
authorities are briefly described. Two validation software platforms are also briefly
described.

Science- and Risk-based Approaches
in New Drug Development
In recent years, regulatory authorities have
endorsed the use of science- and riskbased approaches and the application of
QbD with a more systematic exploration of
process parameters with DoE and statistical tools (7,12,15). These method validation
approaches are described in ICH Q8, Q9,
and Q10 (17,18,10) and forms the preamble
for ICH Q14 (5).

A Phase-Appropriate Approach to
Method Development and Validation
The phase-appropriate approach to method
development and validation is described
in the second article in this series (15) and
elsewhere (7,20–21). The approach applies

to method validation studies where more
vigorous verification efforts with increasing
quality oversight are performed as the new
drug candidate progresses to later clinical
phases, as shown in Table VIII (7,12). The
term method qualification often refers to
the process to verify that the performance
of early-phase methods is adequate for scientific investigation (this is less arduous than
late-stage validation). The term qualification
is often used in the context of equipment
qualification (19). Note that the U.S. Food
and Drug Administration (FDA) considers
both terms, method validation and method
qualification to be synonymous, because
the process of method validation should be
phase-appropriate.
Note that the stringent acceptance criteria for method validation according to
ICH guidelines recommended for commercial or late-stage drug products may
not be appropriate for early-phase methods (7,15,20–21). For early-phase methods,
the criteria suggested by the International
Consortium for Innovation and Quality in
Pharmaceutical Development (the IQ Consortium), which are shown in Table IX, in the
supplementary information online, may be
considered (10).
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Strategies to Expedite the
Method Validation Process
The actual validation process (timing, protocol, and reporting) can vary widely from
one company to another and the process is
often dictated by internal SOPs. There are
no regulatory requirements to use validation
protocols for early-phase methods. Nevertheless, many companies have adopted the
use of generic method validation plans and
reporting templates to ensure better productivity and consistency within the organization. Examples of generic method validation protocols and reporting templates for
early-phase clinical trial materials are shown
in Tables X to XIII, in the supplementary information online, as reference guides.

Commercial Software Packages
The application of the principles of QbD in
process development with more systematic
DoE approaches and statistical analysis can
be implemented using off-the-shelf software
packages such as Design Expert, JMP, or other
software packages (22–23). Two common software tools customized explicitly for the method
validation process are mentioned here.
Method Validation Manager (MVM), an
optional software package for the Waters
Empower 3 Chromatography Data System
(CDS) can be used to perform chromatographic method validation, from protocol
planning through final reporting. MVM can
be used to manage the method validation
workflow by designing the studies and documenting results with statistical calculations in
Empower 3. MVM is also capable of generating reports using standardized templates and
archiving data in a database (24).
The Method Validation Experiment Suite
offered by S-Matrix automates method validation through a collection of method validation
studies (specificity, filter validation, solution stability, accuracy, linearity, range, precision, and
robustness) required by ICH and USP guidance.
It performs workflow management by creating
standardized workflow templates for executing the studies and facilitating documentation,
review, and reporting processes (25).

Method Validation Summary Data
from Two Case Studies
Below, we provide two summary validation
data tables from an early- and late-phase
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stability-indicating method to illustrate
results from actual validation studies.

Case Study 1: An Early-Phase
(Phase 0) DS Method for an NCE
The first case study comes from the columnist’s own method development project
during the early phase of his pharmaceutical career. It illustrates an entire method
development and validation case study
within two weeks for a pre-IND (phase 0)
stability-indicating method for an NCE.
The method development process is
described in more detail elsewhere (26),
and the final method conditions and the
chromatogram are shown in Figure 3. The
key analytes of this assay are the API, an
impurity eluting at ~6.4 min (an isomer of
the API), and the immediate synthetic precursor eluted at ~7.6 min.
Table XIV (in the supplementary information online) provides a summary of validation results for this stability-indicating composite assay and impurity method. This
data set is included to illustrate a real-life
validation summary to document the scientific soundness of the method (20, 26).
However, the data collected exceeded the
typical requirements expected for early
development.
Method specificity was demonstrated
by resolving all impurities from each
other and the API with a focus on two
impurities (isomer and the precursor).
The evaluation of the peak purity of the
API by photodiode array (PDA) peak
purity and MS indicated that the API
peak is spectrally pure. The MS spectra
of the up-slope, apex, and down-slope
of the API peak showed no new m/z ion
>1% was observed.
Method linearity, accuracy, and precision data collected show acceptable performance for the API and the precursor.
A robustness study using DoE software
(Design Expert) toward perturbations of
variables (column temperature (T), detector
wavelength (λ) flow rate (F), gradient time
(tG), % trifluoroacetic acid in mobile phase
A) showed that the method is robust to
these variations. Three columns from different bonding lots were used to demonstrate
the robustness of the separation toward lotto-lot inconsistency.

Case Study #2: A Late-Phase Method
for a Complex DP with 4 APIs
Table XV, in the supplementary information
online, shows the method validation summary data of a late-phase stability-indicating
UHPLC method for an antiviral oral combination DP with four APIs, described in detail
elsewhere (15, 27).

Summary and Conclusions
This paper provides an updated overview
of the validation of stability-indicating HPLC
analytical procedures for the determination
of the API, impurities, and degradation products in DS and DP. The article describes regulatory requirements, validation parameters,
methodologies, and example acceptance
criteria for early- and late-phase methods
as well as validation trends and software
tools. Examples of generic protocols, report
templates, and validation data summaries
are used to illustrate the typical practices
and data collected from these case studies.
This installment completes the three-part
series devoted to providing the reader with
a concise overview of stability studies and
the method development and validation of
stability-indicating analytical procedures.

Disclaimer
A challenge in writing this overview of method
validation lies in the interpretation of the evolving regulatory guidelines and their acceptance criteria, which are highly dependent on
the development phase. In addition, the case
studies, generic method templates, and data
examples in this paper are drawn from published data or company-specific SOPs, which
may vary from those used by organizations
with a different interpretation of the regulations. The information presented provides an
updated overview of common practices to be
used as supplemental references. The views
presented represent the collective opinions of
the authors formed from reviewing the literature and published guidelines and from our
own working experience in the pharmaceutical industry. These views bears no relationship
to those of LCGC or any other organization.
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TABLE IX: Acceptance criteria for in early-phase methods proposed by the IQ consortium
Parameters

Acceptance Criteria

Specificity

No interfering peaks present in the blank in the regions of interest

Linearity*

R2 > 0.995 over a range of LOQ (0.05%) to 120%

Precision*

RSD ≤2.0% (n = 5) for main compound, 10–20% for impurities

Recovery/accuracy of main compound

98.0–102.0% at 80%, 100%, and 120% of nominal concentration (n = 3 at each level)

Recovery/accuracy of impurities*

80–120% at LOQ to specification limit (or higher than spec limit)

Sensitivity – LOQ

Mean signal to noise ratio >10 (n = 3)

Range

The range of demonstrated linearity, recovery, and precision

Solution stability*

The API assay changes ≤ 2%. No new impurities are higher than LOQ.
Impurities at RT change ≤ 30%; impurities RT and specification limit change
≤20%, and impurities above the specification change ≤15%.

Notes: Extracted from https://iqconsortium.org. *Proposed by IQ Consortium GMPs in Early Development Working Group (10)

TABLE X: A generic validation protocol for assay and impurities or degradation products method of a drug substance (DS) in earlyphase development
Parameter

Experimental Plan

Acceptance Criteria
•

Inject diluent
Inject impurity mixture marker (if available)

Absence of interference from sample diluent
must be demonstrated
Adequate separation between active and
impurities

Specificity

1.
2.

Accuracy

Prepare one DS sample at each level of 0.05%,
80%, 100%, and 120% of sample nominal concentration.

Recovery: 98.0–102.0% at three levels (80, 100,
120% of nominal concentration)
Recovery: 70–130% at quantitation limit (0.05%)

Precision: analysis repeatability

Prepare sample solution at 100%
nominal concentration in triplicate.

Three replicate sample preparations
Assay: RSD ≤ 2.0%
Impurity:
RSD ≤ 10% at Level > 0.20%
RSD ≤ 20% at Level QL to ≤ 0.20%

Detection limit
(DL) (0.025%)

Prepare DL concentration (0.025% of sample
nominal concentration) by performing
1:2 dilution from QL concentration
followed by 2 consecutive injections

Signal-to-noise (S/N): ≥ 3

Quantitation limit (QL) (0.05%)

Dilute to QL concentration (0.05% of sample
nominal concentration) followed by 6 injections

For 6 QL injections,
•
RSD of peak area ≤ 10%
•
Signal-to-noise (S/N) ≥ 10

Linearity

Prepare linearity solutions using reference
standard or API surrogate to cover at least 5
levels that range from QL to 130% of nominal
concentration

Minimum of 5 levels minimally spanning QL–130%
of nominal concentration
Correlation coefficient: (r) ≥ 0.997
Residuals: Plotted and assessed for bias

Standard solution stability

Standard solution stability (100% sample nominal
concentration) will be evaluated at room
temperature and refrigerated condition in appropriate glassware on Day 0 for a minimum of 7 days.

Recovery = 98.0–102.0% as compared to Day 0

Sensitivity (QL) solution stability

Sensitivity solution stability (0.05%) will be
evaluated at room temperature and
refrigerated condition in the appropriate
glassware on Day 0 for a minimum of 7 days.

Recovery = 70–130% as compared to Day 0

Sample solution stability

Sample solution stability (100% sample nominal
concentration) will be evaluated at room temperature and refrigerated condition in the appropriate
glassware on Day 0 for a minimum of 7 days.

Recovery = 98.0–102.0% as compared to Day 0
Individual impurities and degradants:
Absolute difference ≤ 0.10%

•
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TABLE XI: A generic validation protocol for assay or impurities and degradants method for a drug product (DP) in early-phase development
Parameter

Experimental Plan

Acceptance Criteria

Specificity

1.
2.
3.

Absence of interference from sample diluent
must be demonstrated

Accuracy

Prepare one DP sample at each level of 0.1%, 80%,
100%, and 120% of sample nominal concentration.

Inject diluent (filtered and unfiltered)
Inject placebo mixture (filtered and centrifuged)
Inject impurity mixture marker (if available)

Recovery: 98.0–102.0% at three levels (80, 100,
120% of nominal concentration)
Recovery: 70–130% at quantitation limit (0.05%)

Three replicate sample preparations:
Precision: repeatability

Prepare sample solution at a nominal concentration
in triplicate.

Filter robustness

Inject 100% sample nominal concentration (use
accuracy or precision samples) with selected filters
and centrifuge as control.

Detection limit (DL) (0.05%)

Prepare DL concentration (0.05% of sample nominal
concentration) by performing 1:2 dilution from QL
concentration followed by 2 consecutive injections

Signal-to-noise (S/N): ≥ 3

Quantitation limit (QL) (0.10%)

Dilute to QL concentration (0.10% of sample nominal
concentration) followed by 6 injections

For 6 QL injections,
•
RSD of peak area ≤ 10%
•
Signal-to-noise (S/N) ≥ 10

Linearity

Prepare linearity solutions using reference standard
or representative DS materials to cover at least
5 levels that range from QL to 130% of nominal
concentration

Minimum of 5 levels minimally spanning
QL–130% of nominal concentration
Correlation coefficient: (r) ≥ 0.997
Residuals: Plotted and assessed for bias

Standard solution stability

Standard solution stability (100% sample nominal
concentration) will be evaluated at room
temperature and refrigerated condition in the
appropriate glassware on Day 0 for a minimum of
7 days.

Recovery = 98.0–102.0% as compared to Day 0

Sensitivity (QL) solution stability

Sensitivity solution stability (0.05% sample nominal
concentration) will be evaluated at room
temperature and refrigerated condition in the
appropriate glassware on Day 0 for a minimum of
7 days.

Recovery = 70–130% as compared to Day 0

Sample solution stability

Sample solution stability (100% sample nominal
concentration) will be evaluated at room
temperature and refrigerated condition in the
appropriate glassware on Day 0 for a minimum of
7 days.

Recovery = 98.0–102.0% as compared to Day 0
Individual impurities and degradants:
Absolute difference ≤ 0.10%

Assay: RSD ≤ 2.0%
Impurity: RSD ≤ 10% at Level > 0.20%
RSD ≤ 20% at Level QL to ≤ 0.20%
Active: 98.0–102.0%
Impurities:
70–130% (QL level)
80–120% (QL< level ≤1.0%)
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TABLE XII: An example of a generic validation report template for assay and impurities and degradants methods for a drug substance
(DS) in early-phase development
Parameter

Specificity

Accuracy

Results (actual results as an example)

Acceptance Criteria

No interference was observed in the
diluent at the retention times of
active and impurities and degradants

Absence of interference from sample
diluent must be demonstrated

Level

Drug X

80%
100%
120%
QL

100.4%
99.8%
99.7%
85%

Recovery: 98.0%–102.0% at three levels (80,
100, 120% of nominal concentration)
Recovery: 70%–130% at quantitation limit (0.05%)

Assay: %RSD = 0.2%
Impurity at level QL to ≤ 0.20%:
Precision: repeatability

Detection limit (DL) (0.025%)

Quantitation limit

(QL) (0.05%)

Linearity

Standard solution stability

Sensitivity (QL) solution stability

Sample solution stability

RRT 0.83 = 5%
RRT 0.87 = 2%
RRT 1.20 = 6%

Assay (n=3): RSD ≤ 2.0%
Impurity (n = 3):
RSD ≤ 10% at Level > 0.20%
RSD ≤ 20% at Level QL to ≤ 0.20%

S/N = 8 and 10 (2 injections)

%RSD = 5%
S/N ≥ 14

Signal-to-noise (S/N): ≥ 3

•
•

For 6 QL injections,
RSD of peak area ≤ 10%
Signal-to-noise (S/N) ≥ 10

7 levels that cover 0.05% –140%
of nominal concentration
Correlation coefficient (r): 1.000
Residuals plotted and showed no bias

Minimum of 5 levels minimally spanning
QL–130% of nominal concentration
Correlation coefficient: (r) ≥ 0.997
Residuals: plotted and assessed for bias

Standard solution is stable at room temperature and
2–8 °C conditions in amber glassware for 14 days

Recovery = 98.0–102.0% as compared to Day 0

Sensitivity solution (0.05% sample nominal
concentration) is stable at room temperature and
2–8 °C conditions in amber glassware for 14 days

Recovery = 70–130% as compared to Day 0

Sample solution is stable at room temperature and
2–8 °C conditions in amber glassware for 14 days

Recovery = 98.0–102.0% as compared to Day 0
Individual impurities or degradants:
absolute difference ≤ 0.10%

Notes: RRT = relative retention time; RSD = relative standard deviation; QL = quantitation limit
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TABLE XIII: An example of a generic validation report template for assay and impurities or degradants method for a drug product
(DP) in early phase development
Parameter

Results
•

Specificity

•

10 mg

50 mg

80

100.0

101.5

100

100.1

101.3

120

99.8

100.6

0.10

92

98

Component
Precision: repeatability

20 mg

50 mg

Active

0.2

0.3

0.5

Impurities (range)

2–3

1

1–2

50 mg

PVDF

100.1

100.7

PTFE

100.6

100.1

Imp/Deg Recovery (%)

Filter
PVDF (QL)
PVDF (QL <
level ≤ 1.0%)
PTFE
PTFE (QL <
level ≤ 1.0%)

10 mg

50 mg

101–109

101–106

102

103

101–102

100–101

N/A

N/A

S/N = 10 (2 injections)
%RSD = 5%
S/N = 23
7 levels that cover 0.05–140% of
nominal concentration

Linearity

Recovery: 98.0–102.0% at three levels
(80, 100, 120% of nominal concentration)
Recovery: 70–130% at
quantitation limit (0.10%)

Assay (n = 3): RSD ≤ 2.0%
Impurity (n =3 ):
RSD ≤ 10% at Level > 0.20%
RSD ≤ 20% at Level QL to ≤ 0.20%

Active Recovery (%)
10 mg

Filter robustness

Quantitation limit (QL) (0.10%)

RSD (%)
10 mg

Filter

Detection limit
(DL) (0.05%)

Interference <0.10% for active and <0.05% for
impurity and degradation products from sample
diluent, sample matrix/excipients, and filter

Recovery (%)

Level (%)
Accuracy

Acceptance Criteria

No interference from sample diluent, sample
diluent, sample matrix/excipients and filter
Impurities and degradation products are
adequately resolved.

Correlation coefficient (r): 1.000

Active: 98.0–102.0%
Impurities: 70–130% (QL level)
80–120% (QL < level ≤1.0%)

Signal-to-noise (S/N): ≥ 3
For 6 QL injections,
•

RSD of peak area ≤ 10%

•

Signal-to-noise (S/N) ≥ 10

Minimum of 5 levels minimally spanning
QL–130% of nominal concentration
Correlation coefficient: (r) ≥ 0.997
Residuals: plotted and assessed for bias

Residuals plotted and showed no bias
Standard solution stability
Sensitivity (QL) solution stability

Sample solution stability
PVDF= polyvinylidene fluoride

Standard solution is stable at room temperature and
2–8 °C conditions in amber glassware for 14 days

Recovery = 98.0–102.0% as compared to Day 0

Sensitivity solution (0.10% sample nominal
concentration) is stable at room temperature and
2–8 °C conditions in amber glassware for 14 days

Recovery = 70–130% as compared to day 0

Sample solution is stable at room
temperature and 2–8 °C conditions in
amber glassware for 10 days for all strengths

Recovery = 98.0–102.0% as compared to Day 0
Individual Impurities/Degradants:
Absolute difference ≤ 0.10%

PTFE=polytetrafluoroethylene
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TABLE XIV: Summary of validation results of an early-phase method of an NCE

Specificity
•
Resolves API from the precursor, isomer, and other impurities
•
API peak purity demonstrated by mass spectrometry and PDA detection
Linearity
•
API: 5–150% (8 levels, r = 1.000, y% intercept = 1.24%)
•
Precursor: 0.05%–2% (5 levels, r = 1.000)
Accuracy (recovery of spiked, triplicate preparations)
•
API: 101.86% (70%), 100.36% (100%), 99.71% (130%)
•
Precursor: 109.8% (LOQ, 0.05%) 105.2% (0.4%), 104.5% (1%)
Precision RSD (n = 6)
•
0.55% (API at 100%) and 4.5% (precursor at LOQ)
Limit of quantitation (LOQ) = 0.05%
Limit of detection (LOD) = 0.02%
Solution Stability
•
The standard solution is stable for at least ten days (refrigerated)
•
Mobile phases are stable for at least 14 days
Robustness
•
Demonstrated towards perturbations (T, λ, F, tG, %TFA) and found to be robust to these variations towards six system suitability criteria
•
Three different lots of columns showing no significant difference in resolution between API and the precursor.
Source: Data in Table XIV are extracted from reference (6).
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TABLE XV: Summary of method validation data of a drug product (DP) UHPLC method
Results

Acceptance
Criteria

API 1

API 2

API 3

API 4

98.0–102.0%

101.3%

99.9%

100.4%

100.1%

70–130%

86%

100%

105%

108%

Repeatability at
assay levels

RSD ≤ 2.0%

0.5%

0.3%

0.2%

0.2%

Repeatability
at low level

RSD ≤ 10%

0%

5%

4%

2%

Intermediate
Precision

≤ 3% difference

≤ 1.6%

≤ 2.5%

≤ 2.0%

≤ 2.0%

≤ 0.05%

0.03%

0.03%

0.03%

0.03%

≤ 0.15%
(RSD ≤ 10%)

0.05%
(4%)

0.05%
(7%)

0.05%
(4%)

0.05%
(2%)

r ≥ 0.999
linear from QL–120%

r = 1.000
(0.05–151%)

r = 1.000
(0.05–152%)

r = 1.000
(0.05–152%)

r = 1.000
(0.05-151%)

QL–120%

0.05–151%

0.05–152%

0.05–152%

0.05–151%

Validation Element
Accuracy
Assay levels
Low level
Precision

Detection limit (DL)
Quantitation
limit (QL)
Linearity
Range
Robustness
Chromatographic
conditions

Passes system
suitability criteria

Passed system suitability criteria

Adsorption
on sample
Solution filters

Filtrate is within
98.5–101.5% of
unfiltered std

99.0–99.8%

99.4–100.2%

99.5–100.2%

99.5–100.2%

Sample preparation

≤2% difference

≤ 0.6%

≤ 0.7%

≤ 1.6%

≤ 1.5%

Specificity
No significant interference from sample
filters and excipients

No significant interference from sample filters and excipients

Resolution ≥ 1.0

Resolution ≥ 1.2

No significant interfering components

No significant interference
Ambient

2–8 ˚C

3 days

14 days

3 days

14 days

Sensitivity standard

--

22 days

System suitability standard

--

1 month

Solution Stability
Standard
Stock and
working sample

Report
established
expiry

