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ABSTRACT
Analytical data packages are an essential part of the CMC (Chemistry and Manufacturing Control) section of US FDA (United 
States Food and Drug Administration) NDA (new drug application) submissions for pharmaceuticals and biologics. In many 
cases, the biocompatibility assessment for medical devices also requires analytical testing to be performed and reported. 
Based on the quality of the data presented, the regulatory review team makes an informed decision about the safety of the 
drug product or the medical device. If the submission is incomplete or does not support the safety assessment of the product, 
additional data may be required, which often delays product approval. Study sponsors must decide between optimizing the 
amount and quality of the data in the filing packages to save costs upfront, which may delay the approval process versus taking 
the more conservative approach of providing detailed information, investing more upfront, and minimizing the risk of delays. 
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1.0 Introduction
Analytical testing is a mandatory task of the highly regulat-
ed process to market pharmaceuticals and medical products 
[1,2]. The finished products must meet rigorous quality cri-
teria, and the sponsor of the product must provide evidence 
for safety and efficacy. Once a product is approved, stringent 
release testing is required for each batch of the material prior 
to sale, and sponsors must conduct post-market surveillance 
for any issues that may be reported.  
The pharmaceutical industry employs diverse analytical 
methods, covering detection requirements from a % level 
down to ppb or sub-ppb levels, and requiring resources from 
a “routine QC” set-up to a high-end research laboratory. Stan-
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dardization of such a diverse landscape is very difficult and 
may not even be possible. Conventional QC testing is some-
what standardized as the instrumentation used is generally 
simple, and the methods are validated according to widely 
accepted industry standards and guidances such as from 
USP (United States Phar macopeia) and ICH (International 
Council for Harmonisation of Technical Requirements for 
Pharmaceuticals for Human Use). In contrast, some pharma-
ceutical testing, including investigations, E&L, and biocom-
patibility testing, require testing tailored to each product and 
state-of-the-art instrumentation. In these areas, method stan-
dardization would be very diffi cult, however, standardizing 
the reporting requirements is a reasonable goal that would 
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benefit the industry substantially.
As research progresses, the scientific community identifies 
more risk factors related to drug and device-related impuri-
ties, and regulators try to address those concerns by updat-
ing regulations, guidances, or widely recognized standards. 
This process is lengthy; however, it is a strong evidence and 
data-based process, with the goal to minimize the unneces-
sary risk associated with pharmaceutical products or medical 
devices. There are many examples of this constantly evolv-
ing system [3-5], but little progress has been made in stan-
dardizing analytical methods in the pharmaceutical industry. 
The difficulties are directly related to the very nature of phar-
maceutical testing. In other regulated fields such as food or 
environmental monitoring, in most cases the matrices are 
well defined, the methods are often designed for targeted an-
alytes, [6] and the overall number of potential target matrices 
is fewer compared to the pharmaceutical and consumer sec-
tor. However important to note that recently in environmental 
and food testing significant effort was made to use “screen-
ing-type” non-targeted methods for emerging contaminants 
such as PFAS (Per- and polyfluoroalkyl substances) [7]. Tar-
geted methods that are well-detailed and often matrix specif-
ic have been published and used across multiple laboratories 
[8]. In the pharmaceutical industry, there is a wide range of 
finished products and medical devices with diverse matrices, 
which has a significant impact on the outcome of testing. 
Even a method targeting a concerning analyte or group of 
analytes (like nitrosamines) must be evaluated and validated 
for each product to establish the fit for the intended purpose 
of use. 
Matrix effects are one of the main reasons why “industry 
standard” general use monographs [9], and even specific 
compendial analytical methods in the pharmaceutical envi-
ronment need a rigorous verification process performed by 
the laboratory prior to implementation. The verification pro-
cess may include evaluating multiple method performance 
parameters, such as LOD (limit of detection) or LOQ (limit 
of quantitation), accuracy, injection precision, and carryover. 
The recommendation for verification of USP compendial 
methods is described in USP General Chapter <1226> [10]. 
In other cases, a USP general chapter (or an information-
al chapter) is published to provide a scientific framework for 
testing, leaving every laboratory to develop its own meth-
odology [4,11]. Currently, some of the most challenging as-
pects of registration testing in the pharmaceutical sector are 
testing for packaging-related trace impurities (extractables 
and leachables E&L), and biocompatibility testing of medi-

cal devices, which do not have standardized test methods. 
Multiple recalls have been associated with these issues, and 
complex methods using non-routine state-of-the-art analyti-
cal systems must be developed and implemented to satisfy 
regulatory agencies [8]. 
Extractable, leachable, and biocompatibility testing is part of 
the chemistry-related safety risk assessment package. The 
goal is to test pharmaceuticals, drug packaging, and medi-
cal devices for impurities that patients may be exposed to. 
In order to do so, products are tested under recommended 
storage conditions, as well as conditions meant to exag-
gerate expected patient exposure. Each packaging system 
and medical device is somewhat unique, from materials of 
construction to storage, sterilization, and use. This complex-
ity means that a significant portion of testing is looking for 
analytes with unknown identity and quantity at low levels in 
complex matrices, which requires careful experimental de-
sign, analysis, and data processing. An important part of the 
process is identifying and quantifying the impurities that are 
found so that safety evaluations can be included in regulato-
ry filings. A challenge often associated with the identification 
and quantitation tasks is the limited availability of reference 
standards, which makes both identification and quantitation 
difficult. Each laboratory takes different approaches to solve 
the problem, but many of the approaches involve uniquely 
designed non-routine analytical methodology, proprietary da-
tabases, and significant financial investments, making it dif-
ficult to compare the strengths and weaknesses of different 
strategies. 
Recently published E&L related Round Robin studies provide 
evidence of the testing complexity and the difficulties to inter-
pret and conclude studies. The published studies generated 
large data sets which compare nontargeted analyses from 
multiple laboratories. It can be concluded that due to the lack 
of standardization, the outcome of the studies was different 
than the original expectations [12-16]. The presented data 
shows large variation from extraction through detection and 
the identification of the detected analytes, demonstrating the 
absolute necessity of some level of standardization, which 
should include a well-defined study framework for the ex-
traction, analysis, identification, quantitation, and reporting. 
To apply a standardized protocol to a relatively small study 
such as a Round Robin test regime is not a difficult task, and 
it would guarantee a meaningful outcome of the study, how-
ever, to apply the same level of standardization to a diverse 
industry landscape requires multiple years of data genera-
tion and in-depth discussions, involving all stakeholders. Re-
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cent efforts to standardized testing by the Extractables Work 
Group of the BioPhorum Operations Group (BPOG) [17] 
were published and is a promising start. However, the BPOG 
protocol is not generally accepted by regulators, and covers 
only single-use manufacturing systems at a reporting thresh-
old of 0.1 ppm. The most useful part of the BPOG effort is the 
published reporting template. It is highly practical, as even if 
a chemical analysis was performed by different laboratories, 
the data can still be reported in a uniform manner, making a 
comparison of data sets between laboratories much simpler 
[18]. A similar idea is found in Chapter 7 of ISO 10993-18 
(2020) [4], where the reporting requirements for evaluating 
medical devices are outlined. The requirements are compre-
hensive; however, no detail is included in the report format; 
assuming that based on a loose framework each laboratory 
can write a detailed report which meets all criteria and allow 
the regulatory review to be performed in a standardized fash-
ion across different device platforms. 
As E&L testing is executed as a research activity, it seems 
logical to use a reporting tool designed for complex research 
projects [19,20]. A common reporting template would make 
the submissions more uniform and therefore the review pro-
cess would be more effective and consistent. The reporting 
tool was designed as one of the major objectives for a work-
ing group (Benchmarking and Publications for Non-Target-
ed Analysis Working Group or BP4NTA) formed in 2018 for 
addressing issues related to using non-targeted analysis 
methods in analytical testing for environmental, food, and 
pharmaceutical applications [21]. The reporting tool is com-
prehensive as it is providing a detailed list of analytical pa-

rameters and processes to be reported and it is suitable for 
scientific publications, providing an excellent framework for 
data transparency and having the potential to improve the 
reporting quality for analytical data packages for regulatory 
submissions. As the report format was designed for reporting 
analytical studies for scientific publications, additions of rele-
vant criteria listed in international standards and guidance for 
E&L or biocompatibility testing would be useful [4,22]. In this 
paper, analytical data packages are evaluated from different 
laboratories covering multiple drug product forms and med-
ical devices. These reports are evaluated to see how they 
support the ultimate goal of the regulatory filing, which is to 
provide evidence of the chemistry-related safety risk asso-
ciated with the pharmaceutical product, as is stated in ISO 
10993-18 Clause 7 [4]. In order to support an assessment, 
the regulatory review team should receive and review all the 
evidence, to draw the same conclusion as the sponsor. The 
“golden rule” in the pharmaceutical and medical device in-
dustry is “If It Wasn’t Documented, It Didn’t Happen” [23,24].  
For regulatory submissions, if all relevant information is not 
reported, then reviewers do not know how the testing was 
executed. These knowledge gaps lead to deficiency letters; 
therefore, analytical data packages should contain all the 
necessary information for the testing. A reporting tool that 
guides what and how to report would be useful.

2.0 Results and Discussion
Analytical reports from five different laboratories were eval-
uated to determine if the laboratory provided sufficient evi-
dence to draw data-based conclusions associated with E&L 
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Table 1. Summary table of the report evaluation matrix

Laboratory A B C D E*

Product

Finished medical
device

(implantable),
combination 

product

Transdermal 
system,

finished product

Component of a
finished medical

device (not
implantable)

Polymer resin for
inhalation product

Medical device
(implantable),

finished product

Testing Type
Simulated
Leachable

Extractable and
simulated leach-

able

Extractable and
simulated leach-

able

Extractable and
simulated leach-

able

Extractable and
simulated leach-

able

Route of
Administration

Implantable Transdermal Parenteral Inhalation Implantable

SCT (µg/day) 1.5 1.5 1.5 1.5 1.5

**Report was issued before the effective date of ISO 10993-18 2nd edition [4].
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in the pharmaceutical product or medical device. The iden-
tity of the laboratories is not disclosed in this paper, each 
laboratory was assigned a letter code for identification (A 
through E), with analytical reports listed in Table 1. To eval-
uate the analytical reports, the set of reporting requirements 
published in ISO 10993-18 (Clause 7 and Annex G) [4] was 
used in addition to the set of reporting criteria published by 
BP4NTA [20]. To provide a grade for the data presented, a 
5-category system was used similar to what was published in 
the BP4NTA position paper [20], however some of the criteria 
used for quality grading are not relevant (or difficult to use) for 
the E&L or biocompatibility assessment, and therefore were 
not used. The detailed reporting criteria proposed to use for 
E&L testing are presented in separate tables. 
The NTA Study Reporting Tool breaks down the evaluation 
process into 2 major sections (methods and results), and 5 
categories (study design, data acquisition, and data process-
ing in the methods section, data outputs, and QA/QC metrics 
in the results section). Those categories are further divided 
into 13 sub-categories and the published study reporting tool 
provides multiple examples for each category [25]. Most of 
the categories align with reporting requirements of current 
published standards, however refining some categories 
would provide a better fit for E&L and biocompatibility testing. 
Some of the aspects of pharmaceutical testing are unique, 
such as cGMP compliance, data integrity, etc.), therefore it 

may be relevant information to be provided for the regulatory 
review team as well.
The first major category in the study reporting tool is the study 
design which was divided into further sub-categories. Sam-
ple identification is a critical part of the testing, as regulators 
expect that the test objects be representative of the marketed 
product, and sufficient samples should be tested to provide 
replicates for each batch as well as to capture batch-to -batch 
repeatability. The summary of the evaluation related to the 
study design documented in the reports is presented in Table 
2. The study design showed the highest evaluation scores 
among all the evaluated categories. All the reports contained 
detailed information about the study objective and scope, 
with clear statements as to why the study was initiated and 
what type of testing was performed. The selection of sam-
ples, blanks, and controls was appropriately documented. 
The sample preparation is one of the most important parts of 
E&L testing, as emphasized in standards related to pharma-
ceutical packaging [11], and biocompatibility testing of medi-
cal devices [4]. To have the same emphasis in our proposed 
tool, the sample preparation was broken down into the fol-
lowing categories: extraction method, extraction parameters, 
and solvents. All the reports received high scores for study 
reporting as extraction time and temperature were described 
and justified, appropriate standards were referenced, and the 
designs were in compliance with the standards. Pre-concen-
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Table 2. Summary of the Study Design Reporting

Laboratory A B C D E

Objective and Scope 3 3 3 3 3

Sample Information and Preparation 3 3 3 3 3

Extraction Method 3 3 3 3 3

Extraction Time and Temperature 3 3 3 3 3

Extraction Solvent(s) 3 3 3 3 3

Sample Concentration NA 2 1 3 3

Back Extraction Technique 0 2 3 3 3

System Suitability Samples 0 0 0 3 1

Calculation and Justification of the AET 3 3 0 3 3

Max. Score 24 27 27 27 27

Total Lab Score 18 (75%) 22 (81%) 19 (70%) 27 (100%) 25 (93%)

Blue(3): maximum score, yellow(2): sufficient information provided report can include more details; orange(1): some infor-
mation provided, needs major improvement; red(0): no information provided; grey(NA): no score added as the criteria is not 
applicable for the study. 
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tration of sample extracts was only required prior to the test-
ing if the AET (Analytical Evaluation Threshold) [4] is low, typ-
ically below 100 parts-per-billion (ppb); therefore if the AET 
was above that level, the score is graded as NA. A maximum 
score of 3 was given to each sub-category if an analyst could 
reproduce the step based on the report.  Justification of why 
the method was applied was helpful but not required. The 
AET justification and calculation based on the Safety Con-
cern Threshold (SCT) for pharmaceutical products and Dose-
Based Threshold (DBT) for medical devices were present in 
all of the reports but one. AET is an important part of the E&L 
and biocompatibility testing, therefore it is recognized in mul-
tiple associated regulatory and industry-accepted standards 
[4,11]. The only sub-category that seemed problematic was 
the lack of information related to system suitability. It seems 
logical if the report does not contain any information related 
to the system’s suitability, the reviewer cannot decide if the 
system was suitable to generate data at the time of testing or 
not. The documentation of the system’s suitability along with 
the acceptance criteria and the performance is a requirement 
listed in ISO 10993-18 Chapter 7c [4]. Overall, the study de-
sign reporting was detailed and comprehensive in every eval-
uated report. 
In the general pharmaceutical testing approach, when a spe-

cific target is known and a standard or a justifiable surrogate 
is available, a targeted method (which can be validated for 
the target(s)), is used for the testing. This approach is more 
selective for the targets and usually, the method detection 
limit is lower compared to the scan-based methods. 
Reporting of the data acquisition parameters was surpris-
ingly inconsistent across the evaluated reports. It is hard to 
understand why such basic information as a description of 
the instrumentation and the analytical method was missing 
or inadequately reported (see Table 3). The information re-
garding the analytical instrumentation must be reported and 
justified [22, Attachment E], otherwise, the testing cannot be 
reproduced, and the reviewer cannot decide if the analyti-
cal method or the instrumentation was appropriate for the 
testing. Two of the reports described the instrumentation 
properly, two reports described the instrumentation in gen-
eral terms such “LC-MS” or “GC-MS”, and one report con-
tained no description of the instrumentation. The descriptions 
of the analytical methods were even more inadequate. It is 
not necessary to explain why is important to provide details 
of the chromatographic methods and the detection parame-
ters such as, scan range, resolution etc. The requirement of 
appropriate documentation of the analytical parameters was 
published in the draft version of ICH Q14 international guid-
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Table 3. Summary of the Data Acquisition Reporting

Laboratory A B C D E

Instrument Description 1 0 3 3 1

Analytical Methods 0 0 0 3 0

LOD of the Methods 1 0 0 3 2

Calculation of LOD 0 0 0 3 1

Instrument Qualification or Calibra-
tion Status

0 0 0 0 0

System Suitability 0 0 0 3 0

Acceptance Criteria for System 
Suitability

0 0 0 3 2

Internal Standards 0 0 0 3 1

Recovery Standards 0 0 0 3 1

Acceptance Criteria for Spike and 
Recovery

0 0 0 3 3

Max. Score 30 30 30 30 30

Total Lab Score 2 (7%) 0 (0%) 3 (10%) 27 (90%) 12 (40%)

Blue(3): maximum score, yellow(2): sufficient information provided report can include more details; orange(1): some infor-
mation provided, needs major improvement; red(0): no information provided.
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ance document [26]. 
The introduction of the AET concept to the E&L and biocom-
patibility testing was a significant milestone [27], which later 
materialized in industry standards [11,28], and significantly 
reduced the testing burden for many pharmaceutical prod-
ucts. Before the concept was recognized in industry stan-
dards, E&L testing trended towards two extremes: as a multi-
year research project where every detected chromatographic 
peak was investigated, or no peaks were reported and the 
safety assessment was of questionable worth. To perform 
suitably at any AET level, the analytical testing methods must 
have detection limits at least 3-10 fold below the AET, there-
fore if the AET is 1.5 µg/mL the method LOD (LOQ can be 
derived from the LOD [29]) should be around 0.15-0.5 µg/mL 
at a minimum. The LOD needs to be appropriately calculated 
and reported, as different approaches result in different out-
comes [29-31]. Only a single report out of the five reported 
how the LOD was calculated and without this information, it is 
hard to decide if LOD was achieved for the testing or not. In 
addition, when reporting the LOD the laboratory could select 
a well-responding analyte for the calculation, and therefore 
the method shows an “artificially low LOD” which is not appli-
cable for a wide range of analytes. For instance, the GC-HS-
SPME-MS method LOD for acenaphthene is calculated as 
0.02 µg/mL, while the same method has a LOD of 0.2 µg/mL 
for Tinuvin 327, an order of magnitude difference [31]. 

None of the reports provided any information on instrument 
calibration or instrument qualification status. The reader can 
assume if the laboratory is inspected on a regular basis for 
compliance as a form of “general compliance audit” by the 
FDA, the instruments are qualified [32-33], however regu-
latory submission reports should be free from assumptions 
or “guesswork”. E&L testing relies heavily on chromatogra-
phy systems with mass spectral detection that must be cali-
brated or tuned on a regular basis. Mass calibration is even 
more important for high-resolution accurate mass systems 
(HRAM) since the calculation of the elemental composition is 
impacted by the mass accuracy of the system. 
The other missing parts of those reports were related to re-
porting activity and outcome of system suitability including 
acceptance criteria. The CDRH branch of the FDA published 
a final guidance [22] which highlights the importance of sys-
tem’s suitability in biocompatibility testing. “FDA recommends 
that complete test reports be provided for all tests performed 
because the ISO 10993 series of standards include general 
methods with multiple options, and in some cases do not in-
clude acceptance criteria or address assessment of results.” 
[22] “Therefore, to support a declaration of conformity, as a 
part of the supplemental information used to support the use 
of these standards, we recommend that a rationale for the 
selected method(s) and protocols be presented with your 
results so that FDA can assess whether the information ob-
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Figure 1. Impact of the relative response of the IS to the number of reported analytes. The blue arrow annotate the low re-
sponding Internal Standard, while the green arrow annotate the Internal Standard with a high response. All the analytes detect-
ed in the chromatogram are at a 5.0 µg/mL level. (The UF=2 was used for demonstration purposes only.)



tained will support the biocompatibility of your device.” [22] 
The importance of the system suitability for non-targeted 
testing is even more important as the laboratory does not 
know what they are looking for, therefore the performance 
of the analytical system is critical [34]. Most of the evaluat-
ed reports did not document the system suitability or provide 
evidence for the performance status of the instrument used 
for the testing. 
The fourth area of interest was documentation of the use of 
internal standards (IS), and recovery standards (RS), and 
providing evidence of acceptance criteria being implement-
ed and justified. The use of IS is an important factor for the 
whole study, as it is used as an evaluation marker. It can also 
be used as a reference point for the AET level. The relative 
response of the IS may have a huge impact on how many 
peaks are reported and evaluated. Using an analyte with a 
high response as the IS opens the possibility that low-re-
sponding analytes are not being reported, and therefore they 
will not be further evaluated. The chromatogram in Figure 1 
presents two different scenarios, related to a high responding 
(peak marked with green arrow, associated with horizontal 
green line) vs. low responding IS (peak marked with blue ar-
row associated with blue colored horizontal line). A mixture 
of chemical species with various signal responses was used 
for the evaluation at 5 µg/mL with multiple IS’s at the same 
level. The number of the reportable species was calculated 
based on the different IS’s using an uncertainty factor (UF) of 
2. UF is a factor that must be applied to account for the ana-
lytical uncertainty of the screening methods used to estimate 
extractables’ concentrations in an extract. In essence, use of 
the UF adjusts the AET down to a lower value, ensuring that 
poorly responding compounds are properly flagged as being 
at or above the AET and therefore being reportable [4-5]. The 
calculation method of the UF is based on the relative stan-
dard deviation of a response factor database. The equation 
is provided by PQRI recommendation [27] and ISO 10993-18 
(2022) formula E2 [5]. Based on the PQRI recommendation 
the UF=2 was justified based on a narrow set of data and the 
fact that this number has been used across the industry for 
multiple years, even provided in the example calculations of 
the ISO 10993-18 (example A and C2). It is noted that in cer-
tain situations the UF=2 is not appropriate [35-36] (Figure 1). 
If a high responding IS was used 23 different species would 
be non-reported, vs. if a low-responding analyte was used as 
IS only 5 species would be non-reported. The number and 
the identity of the IS species used for the analytical study 
should be reported, and the reviewer can determine if the 
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appropriate IS was used for the testing. 
Use of recovery standards is an important aspect of the an-
alytical method when a back extraction technique is applied 
(aqueous samples for GC-MS testing) or solvent exchange 
is performed (hexane extracts for reversed-phase LC-MS 
testing). One of the most typical inconsistencies is related to 
the inadequate documentation of the spike and recovery. In 
many cases, it is performed without setting acceptance crite-
ria and the recovery data itself is not provided. Acceptance 
criteria need to be justified and based on science and best 
practice. It is important to note that when acceptance criteria 
for spike and recovery are developed, recovery values for 
lower analyte concentrations are expected to be lower com-
pared to higher level of analytes. For example, the justifiable 
recovery at 1 µg/mL target analyte level is 80-110% while at 1 
ng/mL level it is 40-120% [37]. It is also important to execute 
the spike and recovery at the AET level or lower, using a rep-
resentative range of analytes for the extracts. In summary, 
based on the evaluation results presented in Table 3, the 
information presented in these reports does not meet — with 
one exception — the expectation of the published standards 
or regulatory guidance. If this is an industry-wide issue, the 
regulators should make effort to clarify what is expected in 
submissions. 
The next category of evaluation is data processing and data 
analysis. Based on the evaluation data presented in Table 
4, this section achieved the 2nd lowest overall score next to 
the data acquisition section, which has the lowest evalua-
tion scores. The interface between the human operator and 
analytical hardware is the data acquisition and processing 
software platform. E&L testing can be executed using two dif-
ferent approaches, as targeted (when the laboratory is look-
ing for known targets) and non-targeted, when the laboratory 
makes an effort to evaluate every possible chemical species 
above the study AET. For non-targeted acquisition the data is 
acquired in scan mode and the reportable analytes are iden-
tified during the data processing step(s). The scan data can 
also be used to target specific analytes based on their unique 
mass or unique mass fragments; this approach became a 
very powerful tool with the use of HRAM instrumentation. 
Specific targets also can be monitored when a non-targeted 
method is used for data acquisition. 
When a non-targeted data collection method is used, spec-
tral interferences are negligible if the evaluation threshold is 
at a high µg/mL level, while at a low ng/mL level the spectral 
interferences and background peaks cannot be ignored (see 
Figure 2). For processing non-targeted data at low levels, it 
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is necessary to use an advanced software platform for peak 
deconvolution, which will support identification. 
Besides the spectral difficulties present at low levels, chro-
matography is also more difficult to evaluate when a TIC 
(Total Ion Chromatogram) is being used. This issue is less 
significant when a targeted approach is used for the testing 
as the peaks are detectable at both levels (see Figure 3), 
and since a narrow 5 ppm wide extraction window was used 
no chromatographic interference is observed. 
Providing information about the software platforms may be 
particularly beneficial for the reviewer if there are known is-
sues with specific platforms. None of the reports have indi-
cated the software qualification status, however in the recent 
regulatory environment data integrity is a common problem 
during FDA audits. If the software is appropriately qualified 
it provides assurance that acquired data cannot be deleted 
or modified.
It is important to understand that non-targeted analytical 
methods have uncertainty related to the fact that chemical 
species respond differently to detection methods (different 
UV absorbance, different ionization efficiency, etc.). One of 
the most appropriate ways to address this issue is to create a 
multicomponent response factor database, including a range 
of species with different chemical characteristics. Based on 
the relative standard deviation of the database responses 
a factor can be assigned (uncertainty factor aka as UF) [5] 
and this UF must be used as a correction factor for the AET 
[section E5 in ref 5]. This reduces the evaluation level for 
data processing thereby minimizing the number of potential 
misses of low-responding analytes as is presented in Fig-
ure 1. The UF concept is widely accepted to compensate 
for the uncertainties and has been used for a long time in 
E&L testing [27].  According to the industry best practices and 
published standards, the UF value used in the study needs to 
be reported and justified. Many laboratories created a propri-
etary response factor database which they published [38-40] 
or presented during scientific meetings. Some of the reports 
evaluated were issued by laboratories that are known to have 
a response factor database; therefore, it was surprising that 
the reports either do not use the UF concept or the laboratory 
used the outdated approach of UF=2 for both GC-MS and 
LC-MS. The UF=2 is no longer generally accepted as differ-
ent values are being recommended: 4 for GC-MS and 10 for 
LC-MS, [36] or this recent publication proposing to use 3 and 
5 respectively for GC-MS and LC-MS [41]. Zero score was 
awarded to the report when the UF value and justification 
was not reported, and a score of 1 was used when the UF=2 
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was used without justification. The highest score was used 
when appropriate UF was used with justification and docu-
mented in the report. 
The next part of data processing is to perform identification 
for all chromatographic peaks reported above the UF-cor-
rected AET level (also defined as final AET level). This task 
requires the highest level of scientific skills and assigned re-
sources. Based on the author’s personal experience this task 
is the “Achilles-heel” for most of the reports. Identification is 
a multistep process involving some combination of commer-
cially available spectral libraries (NIST, Wiley, m/z Cloud), 
proprietary in-house databases [39-41], manual or soft-
ware-augmented spectral interpretation, assignment of ele-
mental composition, and different types of MS experiments 
(1st order scan, multistage MS/MS experiments). Unless the 
identification process is described in a report, you cannot 
determine how rigorous the process is [42]. The quality of 
the identification itself can be measured by a metric called 
identification categories. The identification categories listed 
in USP General Chapter <1663> are “tentative”, “confident”, 
and “confirmed”, and the USP chapter provides a detailed 
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Figure 2. EI spectra of bisphenol A (BPA). Top trace acquired 
from a 5 µg/mL injection (5 ng on-column), and the bottom 
trace acquired from a 50 ng/mL concentration standard solu-
tion (50 pg on-column). The bottom trace EI spectra pres-
ent a challenging situation associated with high background 
peaks.



REVIEWS IN SEPARATION SCIENCES 9/14

 Reviews in Separation Sciences              Research Article 

description of each category [11]. The categories are logi-
cal, and they are relatively easy to use in daily laboratory 
practice for an experienced analytical chemist. Unfortunately, 
USP <1663> does not provide examples for each category, 
therefore for someone with little experience, it is not straight-
forward to assign the identification category for the observed 
analytes. Other organizations and scientific publications 
use different identification categories and many of them are 
stricter than the USP categories [43-44]. The quality of iden-
tification depends upon the data that was collected, and the 
instrumentation used. The most straightforward identification 
is when the peak in question is identical to a known standard 
in details such as retention time, fragmentation (EI (electron 
ionization) or CID (collision-induced dissociation)) and iso-
tope patterns match the standard, in which case the identity 
is confirmed [11]. One level lower confidence in identification 
can be achieved for example, when the spectra is similar 
to the record in the commercial library, the elemental com-

position can be assigned, based on HRAM data, within the 
required 5 ppm mass accuracy [45], and the isotope pattern 
matches to the theoretical one, in that case, the identification 
is confident. 
It was a game changer when HRAM-based instrumentation 
become an affordable analytical tool for laboratories for both 
GC-MS and LC-MS. LC-MS -HRAM instrumentation is avail-
able in most laboratories, and was used to generate reports 
B, C, and D [42]. GC-MS-HRAM systems were used in re-
ports C and D. This technology is not yet common across the 
industry [46]. Accurate mass data is required for calculating 
elemental composition and the selectivity of the narrow mass 
extraction window provides a high level of confidence for 
identifying target analytes from non-targeted scan data. The 
technology led to the development of software applications 
that process non-targeted MS data (Compound Discoverer, 
Mass Profiler etc.). Recent discussions between industry sci-
entists led to a conclusion that at least a confident identifi-
cation is required for reliable toxicological risk assessment. 
The last two categories are the tentative and the non-identi-
fied categories. Tentative is one of the most commonly used 
categories in the E&L related reports. Tentative means that 
the laboratory is using a single-stage unit resolution system, 
therefore the library hit cannot be augmented with elemental 
composition or MS/MS data acquired from CID experiments. 
Commonly laboratories simply use the top library hit as the 
identification without applying acceptance criteria. This situ-
ation can be improved with a relatively easy step of adding 
acceptance criteria using the NIST recommended match fac-
tor thresholds as >900 is excellent, >800 good, >700 fair and 
below 600 is poor [47]. This quality criterion would add some 
level of confidence, however, even the high spectral similarity 
would not guarantee proper identification [39]. None of the 
reports provided acceptance criteria for the library search 
results. The use of such acceptance criteria for the library 
search would be helpful for the report review process, as it 
provides some level of quality assurance of the identifica-
tion. If the library hit score is below 800, the interpretation 
of the fragmentation pattern provides an additional layer of 
confidence to the identification, however this activity requires 
expertise. According to USP <1663>, if the laboratory only 
invested in a single-stage unit resolution instrument, and no 
authentic reference material is available for confirmation, the 
highest achievable identification category would be a ten-
tative assignment. The last and maybe the most problem-
atic category is related to unidentified peaks. Those peaks 
were detected above the UF-corrected AET, spectral data is 

Figure 3. Extracted ion trace generated for bisphenol A, TIC 
and m/z=228.1145±2.5 ppm mass extraction window. Top 
two traces acquired from a 5 µg/mL injection (5 ng on-col-
umn), and the bottom two traces acquired from a 50 ng/mL 
concentration standard solution (50 pg on-column).
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available however the data is not supporting even a tentative 
assignment for identification. If the laboratory uses HRAM in-
strumentation for the testing the category “unknown” can be 
further refined. Elemental composition can be provided for 
the peak present in the spectra, some sub-structures can be 
identified, and for most of the cases, it is a matter of assigned 
resources if additional information can be provided in the re-
port. For example, in addition to spending more time with the 
data processing, a more concentrated sample can be gener-
ated, or MS/MS data acquisition can be used for the specif-
ic peak in question. Reporting “unknown” as a result of the 
identification process is an unjustifiable, low-quality scientific 
practice. If the peak is unknown and no spectral information 
is available, the peak will not be visible [48]. It is better to use 
the term “unidentified peaks” to indicate some information is 
available as a peak is present. 
It is also important to support the finding of the reports with 
spectral and chromatographic data, providing evidence of the 
appropriate analytical work. In many cases during the regula-
tory review, additional data is requested, if the expert review 
panel finds insufficient evidence to support the safety and 

efficacy of the packaging or the medical device. One of the 
most common issue that the presented chromatograms are 
not scaled to the AET level, therefore no evidence is avail-
able if the analytical methods are fit for the intended purpose 
of use [49]. This section of the data reporting in the evaluated 
reports showed less scattered data, however, it seems based 
on the evaluation laboratory A is an outlier, as the report was 
barely providing evidence for the performed data analysis 
and data processing, chromatographic and spectral data was 
not reported, and all of the observed peaks in LC-MS were 
reported as unknown. 
The last category for comparison is the quantitative data re-
porting, presented in Table 5. It should be clear that regu-
latory agencies expect data and documentation about how 
the quantitative assessment was performed. Quantitation is 
a relatively straightforward activity when reference standards 
are available and the analytical methods are validated ac-
cording to industry-accepted standards [29], however, this is 
not a typical case for E&L and biocompatibility testing. Ref-
erence standards are often not available, and many of the 
analytes identified fall into the confident identification catego-
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Table 4. Summary of the Data Processing and Data Analysis Reporting

Laboratory A B C D E

Data Acquisition Platform 0 0 1 1 1

Software Qualification Status 0 0 0 0 0

Data Processing Software for NTA 0 0 1 1 1

UF Value used for general Screening 1 1 0 3 1

Justification of UF Value 0 0 0 3 1

Identification Process 1 2 3 3 2

Formula Assignment Method 0 2 3 2 0

Libraries used for Identification 2 2 2 2 2

In-house Library 2 2 2 3 2

No. of in-house Library Records 0 0 1 3 0

Acceptance Criteria for Library search 0 0 0 0 0

Identification Category 0 2 2 2 0

Data for low Confidence ID Items 0 2 3 2 0

Reporting spectral or chromatographic 
data

0 3 3 3 3

Max. Score 42 42 42 42 42

Total Lab Score 6 (14%) 16 (38%) 21 (50%) 28 (67%) 13 (31%)
 Blue(3): maximum score, yellow(2): sufficient information provided report can include more details; orange(1): some informa-
tion provided, needs major improvement; red(0): no information provided.
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ry; the laboratory has a high confidence of the ID, however, 
it cannot be confirmed, and it can be an isomer (positional 
isomer or optical isomer), which may provide different re-
sponses between the species. There is a need to develop 
approaches on how to perform appropriate quantitation when 
no reference standard is available for the target analyte [50]. 
The selection of an appropriate surrogate standard requires 
expertise and justification. The quantitative evaluation pro-
cess must be documented properly, and the author proposes 
an example calculation that should be provided in the report 
[49]. The IS spiking level is important especially at low AET 
levels since it can provide information for the performance of 
the method(s). If the IS is spiked at the AET level or lower, 
and if the IS is visible in the chromatograms, the laboratory 
provides evidence that the method used for the testing has 
a sufficient LOD at least for the IS species, and therefore if 
multiple IS are used it can justify the sufficient LOD for wider 
range of observed impurities. If the spiking level of the IS 
is much higher than the AET that information cannot be de-
rived easily. The reports associated with different laboratories 
show a diverse approach to how the quantitative assignment 
is being performed. Report “A” has significant gaps associat-

ed with the quantitative results. It does not show any docu-
mentation on how the quantitation was performed, and quan-
titative estimates of the observed impurities were presented 
in a tabular format without any justifications, and calculation 
examples. 
Table 6 shows the overall summary score for the different 
reports. Based on the data sets presented in those reports it 
is not possible to draw a general conclusion, however, even 
the analysis of this limited data set shows significant quali-
ty differences between reports. Based on the overall score 
reports C, D, and E scored above 40%, which may be rea-
sonable compliance with the requirements published in the 
relevant guidance and standards. It would be relatively easy 
to improve the score for report C, as the laboratory uses 
state-of-the-art instrumentation, and the data is available, 
but the report requires more information to be documented. 
Although report B is associated with a transdermal system 
and the standards and regulations published for medical de-
vices are not directly applicable, the evaluation framework 
from an analytical perspective should be the same as pre-
sented for pharmaceutical products [49]. Report A scored 
the lowest with an overall score of 23%, and this analytical 
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Table 5. Summary of Quantitative Data Reporting

Laboratory A B C D E

Quantitative Method Classification 0 1 0 3 1

Description of Quantitative Assessment 0 1 0 3 0

IS Spiking Level 0 0 NA 3 2

No. of IS Species 0 0 NA 3 0

External Standards 0 3 3 3 2

Max. Score 15 15 15 15 15

Total Lab Score 0 (0%) 5 (33%) 3 (33%) 15 (100%) 5 (33%)

Blue(3): maximum score, yellow(2): sufficient information provided report can include more details; orange(1): some infor-
mation provided, needs major improvement; red(0): no information provided; grey(NA): no score added as the criteria is not 
applicable for the study. 

Table 6. Summary of the Evaluation

Laboratory A B C D E

Max. Total Score 111 114 108 114 114

Sum of Total Lab Score 26 (23%) 43 (38%) 46 (43%) 97 (85%) 55 (48%)
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evaluation would be the most difficult to improve, as, besides 
the detailed description of the objective and scope, the report 
provided very little information for the rest of the criteria. In 
general, providing better documentation and sharing more 
relevant details would improve the evaluation scores signifi-
cantly, and from a regulatory point of view, a higher score 
means a lower probability of a deficiency letter. 

3.0. Conclusion
A study reporting tool (SRT) published by BP4NTA [20] was 
modified to address the requirements of published regulato-
ry guidance and international standards [4,22], and used to 
evaluate E&L and biocompatibility reports from five different 
laboratories. Based on the data presented here, the imple-
mentation of a similar study reporting tool would be helpful 
to harmonize the effort to present E&L-related data packag-
es for regulatory review. The reports show a diverse picture 
of how data is being reported and how different laboratories 
deliver information to their clients and regulators. The conclu-
sion was based on the evaluated reports, it does not rate or 
score the laboratories in a general manner. The reports were 
evaluated to identify gaps in the reporting process and for-
mat and propose ways for improvement and harmonization. 
Based on the evaluated reports, including more information 
(methodology, instrument details) would require minimal ef-
fort and make a significant improvement to the report quality. 
It was surprising that even though the FDA guidance and the 
ISO standard set clear expectations about what needs to be 
presented in the analytical reports, these standards are not 
being followed. From the CRO point of view, this type of re-
porting diversity could cause potential issues, as a laboratory 
that invests significant effort to properly evaluate and pre-
pare E&L reports with high compliance would be financially 
non-competitive, which may impact the market in a negative 
way. To implement a harmonized study/data reporting tool 
requires some significant effort from the regulatory agen-
cies in a form of published guidances [51-52], however, this 
would be a more effective approach than focusing on test 
method harmonization. A harmonized report format and re-
porting requirements still allow for the testing laboratories to 
use different instrumentation, range of scientifically justified 
analytical methods, which are required to deal with such a 
diverse testing landscape. It is important to emphasize the 
paper has no intention or claim to score individual laborato-
ries, the conclusions made here were based on the particular 
reports evaluated.
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