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Abstract

Histopathology evaluation of animal tissues from a nonclinical toxicological study by a study pathologist contributes substantially to the
endpoint(s) of a GLP compliant study. Often, selected tissue slides, existing and new, evaluated by a study pathologist, are peer reviewed by an
expert pathologist, to assure and improve quality of observations and interpretation. The peer review process, having scope to change certain
components of a pathology report, can lead to changes in observations, interpretation and potential outcome/conclusions of a study. The GLP
regulations of several countries provide quality system approaches, which are though similar have differences in their statutes and expectations.
The heart of the matter of GLP quality systems is raw data to ensure their true reflection in final report and help reconstruction. In 1987, the U.
S. FDA specially interpreted “raw data” applicable for histopathology evaluation. However, there is no conclusive change by other Agencies,
except the OECD (2014) guidance. Inconsistencies and controversies prevailed during the last three decades on different perspectives of raw
data applicable for histopathology evaluation and peer review of different types. This paper goes critically between the lines of GLP definitions,
expectations and diverse practices, seeking harmonized interpretation by all stakeholders for complying with multiple regulations.
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1. Introduction

Data generation by conducting nonclinical safety testing of
a number of products in laboratory, greenhouse and/or field
conditions for regulatory submission, for the purpose of obtain-
ing clinical trial approval or appropriate marketing authoriza-
tion, mandates adoption of Good Laboratory Practice (GLP)
quality systems globally. Although the requirements covered in
various regulations [27, 25, 2, 6, 8, 7] and the Council decision
of the Organisation for Economic Co-operation and Develop-
ment (OECD) [15] are nearly the same, certain differences con-
tinue to exist among them in spite of the fact that GLP quality
systems are being adopted for nearly four decades. The differ-
ences are in the nature of statutes spelt out in the regulations, as
well as those explained in agencies’ guidances. Additionally,
there are contrasting variations in the nature of interpretations
published in articles or expressed in conferences or meetings by
a variety of stakeholders, viz., (a) regulatory authorities of vari-
ous countries who review study reports prior to authorizing ap-
plications for intended purposes; (b) monitoring authorities (in
some countries regulatory authorities) who inspect/audit testing

∗Corresponding author: Natesan Settiagounder, Phone: +91-9845218726,
Fax: +91-80-28394015. Email: natesan.s@advinus.com

facilities that perform studies in compliance with GLP, in or-
der to assess their extent of compliance; (c) applicants/sponsors
who conduct studies themselves in their own testing facilities
or outsource studies to external testing facilities; (d) testing fa-
cilities that undertake regulatory studies for conducting them in
compliance with GLP; (e) study directors who are the single
point of contact from planning to reporting for their respective
studies; (f) study pathologists/histopathologists who evaluate
tissue slides from animal toxicology studies and provide pathol-
ogy reports to study directors for inclusion in study reports; (g)
peer review pathologists who verify/evaluate histopathologists’
observations by independently evaluating a defined set of slides
and providing their observations to the respective study pathol-
ogists, and also by issuing appropriate peer review statement
or report; and (h) quality assurance personnel who function as
custodians for assuring the quality of studies and as watchdogs
for cautioning about non-compliance with regulatory require-
ments.

For a pivotal animal toxicology study, histopathology eval-
uation of slides by a trained study pathologist (SP) is a critical
phase that substantially contributes to the outcome and conclu-
sions toward judging a product for further development, autho-
rization or licensing. As histopathology evaluation is a qualita-
tive/subjective assessment based on the experience and exper-
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tise of the SP, it is often decided – although no regulations other
than the recent OECD (2014) guidance – to subject a defined set
of slides for pathology peer review (PPR) by an independent ex-
pert review pathologist (RP), also known as peer review pathol-
ogist [18]. The processes and conditions applicable for PPR are
delineated in a subsequent article of this publication [20]. Con-
sidering the subjective nature of evaluation of histopathology
slides both by the SP and RP, it is well-recognized that there
is a likelihood that their notes/observations/data keep changing
during SP’s evaluation, RP’s peer review and/or resolution of
their differences. GLP regulations have laid down definitions
for raw data, described the method, manner and timing of their
recording (applicable for paper and electronic records), and also
covered the method and manner of making changes to any al-
ready recorded data, if and when desired. However, there have
been continued inconsistencies in application and interpretation
of these common laid down expectations among regulators as
well as amongst stakeholders, leading to confusion. Such in-
consistencies, as published in several articles associated with
histopathology evaluation and peer review of nonclinical stud-
ies, form the basis for this article.

All GLP regulations, in their definition of raw data, pri-
marily attribute raw data to the original, direct, accurate, leg-
ible and prompt record of an individual or electronic system of
an observation or activity [27, 25, 2, 6, 8, 7, 15]. The United
States Food and Drug Administration (FDA), while retaining
the original definition, also allowed that the signed and dated
final report of the pathologist comprises raw data respecting the
histopathological evaluation of tissue specimens [28]. How-
ever, such an exception has not been accorded by other GLP
regulations [25, 2, 6, 8, 7] or OECD Council decision [15] until
now. Since 1988, there have been several articles in the liter-
ature relating to the diversity of interpretations of what consti-
tutes raw data for histopathological evaluation and peer review
of slides for a pathology report [3, 4, 11, 1, 13, 12]. The OECD
(2014) guidance provides certain clarity, more or less endors-
ing the 1987 FDA addition [18, 28]. In 2016, the FDA issued
the Proposed Rule for Good Laboratory Practice for Nonclin-
ical Laboratory Studies, describing a complete quality system
framework referred to as GLP Quality System when safety and
toxicity studies support or are intended to support applications
or submissions for products regulated by the FDA [30]. The
quality system approach of the FDA is also aligned with the
definition of GLP as quality system in the 1998 OECD Series
on Principles of Good Laboratory Practice [15].

The objective of this paper is to bring out the funda-
mental points about GLP compliance associated with trans-
parency of recording and retaining directly, accurately, legibly
and promptly raw data that are generated by an individual or
electronic system for an observation or activity applicable to
histopathology evaluation by SP and peer review by RP. Ac-
cordingly, this paper covers the finer aspects of (a) the regu-
lations that are fundamental for compliance and data integrity
when a study protocol claims such compliance; (b) applicabil-
ity of the GLP quality system for histopathology evaluation and
PPR; (c) components of the pathology report that have scope
for change following PPR, leading to significant change to the

study outcome and conclusions; (d) the definition of raw data
for histopathology observations by SP and RP, considering the
diversity of regulatory requirements and interpretations; and
(e) the types and timing of peer review evaluation, which can
contribute to data quality by way of confirming the SP’s ob-
servation, improving the SP’s finding by facilitating changes to
his/her observations or resolving differences by other ways.

The italicized text in this article reflects extracts of informa-
tion from the OECD, FDA and the United States Environmental
Protection Agency (EPA) documents. In certain places, the ti-
tle, part, section and paragraph numbers of the Code of Federal
Regulations (CFR) are cited for reference. As the term “study
plan” used by OECD [15] and “study protocol” used by FDA
[27] and EPA [25] have the same meaning, only the term “study
protocol” or “protocol” is used uniformly, except in italicized
text in this paper.

2. Regulations that Need to be Complied with for Data In-
tegrity

Nonclinical laboratory studies performed for the purpose of
regulatory submission claim compliance with one or more of
the following GLP regulations or principles in the study proto-
col and in the study report:

• FDA (1987) – Final Rule under 21 CFR Part 58, “Good
Laboratory Practice for Nonclinical Laboratory Stud-
ies”, which prescribes the practices for conducting stud-
ies that support or are intended to support applications for
research or marketing permits for products regulated by
FDA [27]

• OECD (1998) – Council decision on the “OECD Princi-
ples on Good Laboratory Practice” for generating data
for nonclinical health and environmental safety studies
relating to pharmaceutical products, pesticide products,
cosmetic products, and veterinary drugs, as well as food
additives, feed additives, and industrial chemicals [15]

• EPA (1989) – Final Rule under 40 CFR 160, “Good Lab-
oratory Practice Standards” (Federal Insecticide, Fungi-
cide and Rodenticide Act) for conducting studies that
support or are intended to support applications for re-
search or marketing permits for pesticide products regu-
lated by EPA. Also, Final Rule under 40 CFR 792, “Good
Laboratory Practice Standards” (Toxic Substances Con-
trol Act) for conducting studies relating to health effects,
environmental effects, and chemical fate testing [25]

• Based on the OECD Council 1998 decisions, several
countries, such as the United Kingdom and Japan estab-
lished national regulations for GLP [15, 6, 8, 7]

All these regulations, although similar, have differences
with respect to certain definitions (e.g. raw data), interpreta-
tions and expectations. The provision of mutual acceptance
of data (MAD), as per the OECD Council decision, supports
acceptance of data generated in any OECD member country
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or Full Adherent non-member country by other OECD mem-
ber countries, and Full and Provisional Adherent non-member
countries [14]. Such a provision prevents duplication of stud-
ies and helps save animals in the case of toxicology studies.
Despite MAD provisions, sponsors who wish to submit study
reports to regulatory agencies in different countries frequently
request testing facilities to claim GLP compliance with two or
more regulations and the OECD Council decision in the study
protocol and study report. For example, it is not uncommon to
claim GLP compliance with FDA (1987) and OECD (1998) for
a study on a drug product [27, 15], and with EPA (1989) and
OECD (1998) for a study on a pesticide or chemical [25, 15].
Such needs require that testing facilities have standard operat-
ing procedures (SOP) aligned to accommodate the compliance
requirements of different regulations. Additionally, when data
relating to histopathology evaluation by SP and peer review
by RP are captured electronically, the Final Rule of 21 CFR
Part 11 of FDA (1997) and the OECD (2016) advisory docu-
ment on “Advisory Document of the Working Goup on Good
Laboratory Practice, Application of GLP Principles to Com-
puterised Systems” are considered applicable to ensure data in-
tegrity [29, 19].

3. Applicability of the GLP Quality System for Histopathol-
ogy Evaluation and Pathology Peer Review

For a regulatory toxicology study involving histopathologi-
cal evaluation of animal tissues, the GLP quality system is ap-
plicable for the SP to comply with the requirements and provide
a signed pathology report to the study director for inclusion in
the final report of the study. In the case of PPR, although there
is no such regulatory requirement currently, it is commonly
adopted for most pivotal toxicology studies. Considering the
importance of PPR, it should preferably be done in a manner
that would meet GLP quality system requirements. The OECD
(2014) states that PPR “can lead to changes in the interpreta-
tion of the slides and the reported results, and potentially the
outcome and conclusions of the study.” It further states that
the purpose “is to provide guidance to pathologists, test facility
management, study directors and quality assurance personnel
on how the peer review of histopathology should be planned,
managed, documented and reported in order to meet GLP ex-
pectations and requirements”[18]. Accordingly, the study di-
rector in the final report needs to make a compliance statement
concerning the extent to which the study, including PPR, com-
plies with the GLP quality system. Even if PPR is performed in
a non-GLP organization, the study director needs to be satisfied
that the PPR process is sufficiently well managed, and that peer
review data are of adequate quality.

The FDA (2016) Proposed Rule requires compliance with
GLP quality system when a study protocol includes the require-
ment of peer review of any phase [30]. Thus, for PPR, the GLP
quality system will become a mandatory requirement when this
rule becomes effective in the current form.

4. Components of Pathology Evaluation Generating Data
for Pathology Report

It is pertinent to know the components of a pathology re-
port for a nonclinical safety evaluation study, such as a 28-day
or 90-day toxicology study, or a carcinogenicity study, which
often goes for peer review at the request of the sponsor. The
key components of a pathology report commonly available for
peer review by an RP and the scope for change of the SP’s ob-
servation/raw data following peer review are summarized in Ta-
ble 1. Briefly, the key components that form a pathology report,
whether draft or final, and which is shared along with selected
tissue slides with an RP for the purpose of peer review are:

• Study design – treatment groups and period, species,
strain, sex, number and age of animals, and target pa-
rameters and organs

• Quantitative parameters (non-subjective diagnostic mea-
surements) – hematology, coagulation, clinical chem-
istry, urine analysis, terminal body weights, organ
weights and ratios, etc.

• Qualitative parameters (descriptive/subjective diagnostic
assessments) – gross pathology and histopathology ob-
servations, including extent/degree/intensity of toxic ef-
fect of the test item

• Interpretative analysis (narrative) – within study data, in-
cluding statistical analysis and deviation to study proto-
col and its impact, if any; and comparison with histori-
cal control, published or known information; all of which
lead to a derived conclusion

• Conclusion/outcome of the study – derived parameters,
viz., no observed effect level (NOEL), no observed ad-
verse effect level (NOAEL), target organ with toxic ef-
fect, etc.

Among the components that constitute the pathology report,
the qualitative histopathologic assessment is a subjective judg-
ment based on the knowledge and experience of the SP and
the RP. Therefore, there is a probability of variation in diagno-
sis leading to diagnostic drift within each of them and between
them. Additionally, subjective criteria associated with scoring
the relative degree of severity of a particular lesion often lead
to further drift in the diagnosis among pathologists. Thus, diag-
nostic drift may lead to change in interpretation and eventually
change in NOEL and/or NOAEL in certain cases, as well as se-
lection of target organ associated with effects of the test item.
From the point of view of multiple GLP quality systems prevail-
ing globally and data integrity, it is considered critical to main-
tain (a) the original data and audit trail for data generated by the
SP during his/her independent histopathological evaluation; (b)
observations, including audit trail for changes, of the RP dur-
ing his/her independent verification/evaluation of slides through
the PPR process; and (c) documents and correspondence that
lead to resolution of differences, if any, between the SP and the
RP leading to changes to the original observation/raw data of
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Table 1: Key components of a typical pathology report and scope for change of observation/raw data based on peer review.

the SP. This approach is considered appropriate, irrespective of
whether the PPR is contemporaneous or retrospective [18].

5. Raw Data for Histopathology – Perspectives

5.1. Pathologists’ Perspective

Among the communities of stakeholders who define, gen-
erate, use, analyze, interpret, inspect or audit and report raw
data from GLP studies, it appears that only the pathologists
feel a special need for treating raw data differently for their
histopathological observations [13, 9, 21, 5]. The common jus-
tification for this is that changes to histopathological diagno-
sis are inevitable during the course of evaluation, and keeping
track of such changes does not help the final report, despite
the fact that GLP regulations do allow correction of raw data
with no restriction on the number of times one wishes to cor-
rect them. The contention that the signed and dated pathol-
ogy report alone is raw data, despite certain recognition by the
FDA (1987), has neither stopped controversies during the last
30 years nor made regulatory authorities globally devoid of dis-
connectedness [28, 24, 15, 9, 10]. Reading critically between
the lines of regulatory definitions and explanations in advisory
documents, including the latest definition in FDA (2016), pro-
vides different perspectives and implications regarding whether

raw data need to be treated differently for the histopathological
observations of the SP or RP for the pathology report [30].

5.2. Definitions in GLP Regulations

In all the GLP regulations, the term “raw data” has been de-
fined, and its meaning is similar, with some subtle differences.
As per OECD (1998), “Raw data means all original test facil-
ity records and documentation, or verified copies thereof, which
are the result of the original observations and activities in a
study. Raw data also may include, for example, photographs,
microfilm or microfiche copies, computer readable media, dic-
tated observations, recorded data from automated instruments,
or any other data storage medium that has been recognised as
capable of providing secure storage of information for a time
period” [15]. As per FDA (1987), “Raw data means any labo-
ratory worksheets, records, memoranda, notes, or exact copies
thereof, that are the result of original observations and activi-
ties of a nonclinical laboratory study and are necessary for the
reconstruction and evaluation of the report of that study [. .
.] Raw data may include photographs, microfilm or microfiche
copies, computer printouts, magnetic media, including dictated
observations, and recorded data from automated instruments”
[27]. The EPA (1989) definition is the same as that of the FDA,
with the exception that the words “nonclinical laboratory” are
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absent [25]. Thus, according to the FDA, to qualify any labo-
ratory worksheets, records, memoranda, notes, or exact copies
thereof as raw data, they should meet two criteria: (a) “that are
the result of original observations and activities of a nonclinical
laboratory study”, and (b) “are necessary for the reconstruction
and evaluation of the report of the study” [27]. These two crite-
ria are separated by the word “and” in the definition, and there-
fore, both criteria need to be considered together and are not
mutually exclusive. The criterion (a) is considered applicable
not only for data generated based on the first original observa-
tion of an activity, but also subsequent changes after succeeding
activities, if made to those original observations by adopting
correction procedures specified in GLP regulations. If we focus
only on the criterion (b) for reconstruction and evaluation of a
report, then it implies that any other data generated for a study
but not included in the study report need not be archived. It is
possible that during the conduct of a study, several raw data may
be collected or sample analysis may be repeated due to equip-
ment or method failure, and it is probable that the study director
may not include the results of every observation or activity in
the report. In such a situation, the study director can take the
option of not retaining such data in the study file, as such data
are not reported and will not be required for reconstruction of
the study report. In the OECD definition of raw data there is no
explicit wording for criterion (b) above, although it is implied
[15].

5.3. Special Provision by FDA
It is important to recognize the explanation of FDA (1987)

in response to a specific comment urging the agency to amend
the definition of raw data relating to the findings of histopatho-
logical examinations, which the FDA did not agree to: “Al-
though the notes taken by a pathologist during histopatholog-
ical examination of slides are indeed the result of original ob-
servations, these notes are not necessary for the reconstruction
and evaluation of the final report. The final report is evalu-
ated by an analysis of the pathology syndrome as described in
the pathologist’s report, which is required under 58.185(a)(12).
Further, because 58.190(a) requires histopathological blocks,
tissues, and slides to be retained as specimens, the final report
can be reconstructed by verification of the pathology findings
by, e.g., a second pathologist or by a team of pathologists. The
pathologist’s interim notes, therefore, which are subject to fre-
quent changes as the pathologist refines the diagnosis, are not
raw data because they do not contribute to study reconstruc-
tion. Accordingly, only the signed and dated final report of the
pathologist comprises raw data respecting the histopathologi-
cal evaluation of tissue specimens” [28]. From this clarifica-
tion, the following points emerge:

1. The FDA did not agree to amend 58.3(k), which includes
“notes” as part of the definition of raw data.

2. The FDA recognized that the “notes” taken during
histopathological examination of slides are indeed the re-
sult of original observations, but the “notes” are not nec-
essary for the reconstruction and evaluation of the final
report.

3. While the “notes” may not be necessary for the recon-
struction and evaluation of the final report, the FDA did
not direct that the “notes” taken as a result of the origi-
nal observation of the evaluation of slides need to be dis-
carded or not required to be archived.

4. The FDA also recognized that the pathologist’s “interim
notes”, which are subject to frequent changes as the
pathologist refines the diagnosis, are not raw data, as they
do not contribute to study reconstruction.

5. While “interim notes” are likely to undergo changes, the
final notes (or simply “notes”) of the pathologist form the
basis for summarizing information as final diagnosis of
histopathological evaluation in table, appendix or annex
to a pathology report.

6. With regard to reconstruction, it is indicated that the final
report can be reconstructed by verification of the pathol-
ogy findings by a second pathologist (say peer review
pathologist) or a team of pathologists by re-evaluation
of the slides. Generally, reconstruction of a final re-
port would involve comparison of the original diagno-
sis/data/final “notes” of the study personnel as docu-
mented in the study file or captured in a computerized
system, with those presented in the signed report.

7. If reconstruction by verification means re-evaluation of
all slides by other pathologist(s) and comparing their di-
agnosis/data/final “notes” against those reported in the
signed final report, then there could be more challenges
to the consistency of information than perceived.

8. If the pathologist uses a computerized system for record-
ing “interim notes” or “notes” of diagnosis, then the re-
quirement as per section 58.130(e) for data entry or data
change is applicable, thereby allowing continued avail-
ability of all notes, and consequently, diagnostic drift, if
applicable, for any review or verification.

9. If only the signed and dated final report of the pathologist
comprises raw data of the histopathological evaluation
of tissue specimens, then the quality assurance review of
such portion in a final report, as per the requirements of
section 58.35(b)6 of FDA (1987) and section II.2.2.1.d of
OECD (1998), to confirm that the reported results accu-
rately and completely reflect the raw data, cannot be done
properly [27, 15].

10. The OECD requirement of a quality assurance statement
that would serve to confirm that the final report reflects
the raw data is, therefore, not justifiably applicable for
the histopathology portion of the pathology report.

Thus, there are inherent challenges and imminent conflicts
of interpretations not only within the FDA regulations but also
among those of the OECD and other regulations. Additionally,
while the EPA (1987) intended to be consistent with the FDA
for interpretation of raw data with respect to a histopathological
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evaluation, the former clarified as, “The pathologist’s interim
notes are not essential for the reconstruction and evaluation of
the pathology portion of the final report. Although not essen-
tial, it is recommended that all records and documentation of
readings and interpretations be preserved for possible future
inspections by the facility’s Quality Assurance Unit and/or the
Agency” [24]. Also, the EPA (1980 & 1993), under 40 CFR Part
169, requires retention of all “underlying raw data” and inter-
pretations and evaluations thereof, whether in the possession of
the producer or in the possession of the independent testing fa-
cility or laboratory (if any) which performed such tests, for as
long as the registration is valid and the producer is in business
[23].

5.4. OECD Advisory Document

It is also pertinent to recognize that the OECD (2014) ad-
visory document relating to histopathology peer review defines
raw data as, “That which covers (a) details of documentation
of how the peer review was conducted and retained within the
study file, including information on the identity of the tissues
that were reviewed, when the tissues were reviewed and by
whom, and (b) all correspondence regarding the histopatholog-
ical evaluation of the slides used for peer review between the
sponsor and representatives of the test facility and the peer re-
view pathologist, retained in the study file, including minutes of
teleconferences between the sponsor and the test facility” [18].
Additionally, it indicates that “Notes made by the peer review
pathologist which are used to record observations during the
histopathological examination of individual slides do not nor-
mally have to be retained in the study file.” This explanation
clearly reflects generation of two types of data by the RP dur-
ing histopathological examination of individual slides. One is
the “notes” of the RP that do not normally have to be retained
in the study file, and the other is the “observations” that the
RP needs to record using such “notes”. Therefore, the implicit
expectation is that such observations are to be recorded for indi-
vidual slides during the examination and not later on, say, dur-
ing discussion with the SP for any resolution of differences in
diagnosis, nomenclature, etc.

The FDA Proposed Rule (2016) slightly modified the earlier
definition and continues to retain “notes” as raw data. A part of
the new definition is, “Raw data includes any laboratory work-
sheets, correspondence, notes, and other documentation (re-
gardless of capture medium) that are the result of original ob-
servations and activities of a nonclinical laboratory study and
are necessary for the reconstruction and evaluation of the re-
port of that study. Raw data also includes the signed and dated
pathology report” [30]. From a quality system perspective, this
definition could be interpreted for histopathology examination
of slides by either the SP or RP as: (a) “notes” of such exam-
ination are raw data and are the result of original observations
and activities of a study as directed by the study protocol, and
(b) the word “also” in “Raw data also includes the signed and
dated pathology report” means that other elements are primar-
ily raw data in addition to the signed and dated pathology report
[30].

5.5. Conundrum or Consternation

There is a need to relook at how the definition of raw data
can be applied uniformly, including histopathological obser-
vations considering various points discussed in the previous
paragraphs. A diagrammatic process flow of “interim notes”
of the SP or RP transformed into final report is presented in
Figure 1. A critical review reveals complexities of interpre-
tations, inconsistency in applying the definition, diversity of
expectations among regulations, and challenges of discarding
notes of histopathological examination captured using comput-
erized systems [29, 19] after recording observations from such
notes [18]. Also, there is a negative implication of treating only
the signed pathology report as raw data, when there is a ne-
cessity for the quality assurance unit to review such a report
to make a statement to confirm the true reflection of raw data
(which is nothing but the same signed report as per FDA [28].
It is therefore considered desirable to adopt the definition of
raw data uniformly for all activities of GLP studies including
histopathology evaluation and peer review.

6. Raw Data Generation During Pathology Peer Review

6.1. Report Review and Slide Review

Review may mean differently to different people and in dif-
ferent contexts. In most cases, a reviewer recognizes data as
such and may sometimes get into the details of how the data
were generated or derived, but generally does not get into the
process of generating or verifying data independently. In the
PPR process, while review by the RP of the written matter
in the SP’s report does happen, there is an additional compo-
nent of review, a re-examination of the same slides or a subset
of slides as an independent evaluation by the RP, with an in-
tended implicit mandate (as directed by the study protocol) to
provide findings that may confirm or disagree with the SP’s ob-
servations. Figure 2 provides a diagrammatic sketch of the pro-
cess applied for review by the peer reviewer, regulatory agency
and/or the pathology working group, when there is a necessity.
Such an evaluation of slides by an RP, although independent, is
commonly not blinded. Thus, a PPR of the same slides by an
independent RP does provide opportunities for a kind of qual-
ity control check, as indicated in many publications; assess-
ing the differences in interpretation leading to possible resolu-
tion in favor of the SP’s observations, RP’s views or new di-
agnosis/terminology; reporting of both findings, in the event of
non-resolution, if significant differences persist, with the con-
clusion of the SP; forming a pathology working group for fur-
ther evaluation and conclusion. It is also recognized that for
the peer review to be of scientific value, it has to be conducted
by an RP having appropriate specialist experience and exper-
tise, irrespective of whether working in a GLP test facility or
not. Greater divergence of views may also reflect the complex-
ities related to microscopic examination besides the expertise
of individuals who function as SP or RP. Thus, the original data
generated or observations made for the re-examination of slides
by the selected RP, based on his/her expertise and experience,
are important not only for improving the quality of diagnosis
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Figure 1: Metamorphosis of data/notes of histopathology examination and peer review of slides into raw data.

through the PPR process but also for reconstruction of the re-
port.

6.2. Types and Timing of Peer Review

Figure 3 depicts different ways by which the PPR is being
performed, all of which may or may not generate documenta-
tion of raw data. While a formal peer review is driven by a
study protocol requiring documentation of raw data, the infor-
mal peer review does not have such scope for documenting raw
data. It may not be uncommon for an SP to informally discuss
with or show the slides to other pathologist(s) in the same fa-
cility for their views on diagnosis [4, 11, 31]. Such informal
consultation may happen routinely among pathologists in large
facilities to build confidence, get feedback for improving the

quality of diagnosis prior to finalization of a pathology report,
and train people. However, such informal review is neither con-
sidered as typical PPR mandated by the study protocol nor are
the views of such RPs on diagnosis documented and discussed
in the study report.

In the case of a formal PPR process, it is necessary to in-
clude the intent in the study protocol or study protocol amend-
ment, and identify the RP, who could be either an internal expert
pathologist within the facility or an external expert working in
a GLP-compliant test facility or non-GLP organization, or an
independent consultant pathologist. The external RP could also
be from the sponsor organization. It is also possible that a test
facility conducting a GLP toxicology study in consultation with
the sponsor may engage an external test facility for the pathol-
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Figure 2: Pathology data review and microscopic slide re-view during peer review.

ogy phase work covering the entire pathology report. In such a
situation, the study will be treated as a multi-site study, with the
involvement of the external test facility as test site and the SP as
principal investigator for the pathology phase [30, 16]. When
a PPR is considered for any study, irrespective of whether it is
a multi-site study or not, the RP is not considered as principal
investigator but recognized as “contributing scientist” [18, 30].

6.3. Prospective and Retrospective Peer Review

From the point of view of timing of a formal pathology peer
review, there is no clarity and consistency of approach. It has
been generally classified as prospective pathology peer review
and retrospective pathology peer review. In prospective pathol-
ogy peer review, it is expected that the peer review process is
described in the study protocol, and pathology data are not con-
sidered final until the peer review is completed [31, 22, 17].
Therefore, it implies that the RP reviews the draft pathology
report of the SP by re-examining the selected slides, and pro-
vides the review findings to the SP; then, both discuss them to
resolve any differences, the RP completes the peer review state-
ment/memo/report, provides it to the SP, and the latter finally
incorporates the statement/memo/report into the pathology re-
port and finalizes it by signing and dating it. With regard to the
timing of signing of the RP’s statement/memo/report, there are
differences in practice [13, 5]. Based on certain FDA expec-
tations that the PPR should not be completed until the pathol-

ogy report is signed by the SP, the practice adopted by many
RPs is to conduct the PPR using the draft pathology report of
the SP but issue the signed statement/memo/report only after
the SP signs the pathology report [12]. It is not clear whether
this is indeed the expectation. When a study protocol calls for
prospective peer review, then it is expected that not only should
the PPR findings be discussed and resolved in the pathology
report, but also that the RP’s signed statement/memo/report be
completed before the pathology report is signed and dated by
the SP. It is therefore not obvious whether the expectation of
the agency is to obtain a kind of declaration in the form of
statement/memo from the RP reflecting that the findings were
discussed and resolved in the signed pathology report, and that
he/she is in agreement or disagreement with the conclusions
drawn by the SP. The OECD (2014) guidance document in-
dicates, “In most cases where there are no significant differ-
ences of opinion it will not be necessary to report in detail the
outcome of the peer review in the pathology report or the fi-
nal report. A simple statement that it was conducted and that
the pathology report presents the agreed findings would usu-
ally suffice” [18]. Such a statement needs to be retained in the
study file and there is no need for the RP to sign the pathol-
ogy report or study director’s final report. This also implies that
such a statement/memo/report signed by the RP be completed
after the pathology report is signed by the SP. Another view is
that since the peer review is a part of a study protocol require-
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Figure 3: Type and timing of pathology peer review process.

ment for the pathology phase of a study, and the RP functions
as a contributing scientist to the SP (who is responsible for the
pathology report/phase), there is also a logical expectation that
the RP’s statement/memo/report should be completed prior to
signing of the pathology report by the SP. This process is akin
to completion of independently signed phase reports of princi-
pal investigators or contributing scientists, as applicable, prior
to signing of a study report by the study director.

When a study protocol or its amendment does not require
any PPR, the SP makes the signed final pathology report and
submits it to the study director for inclusion in the study report.
Subsequently, if for any reason a sponsor asks for a PPR, ir-
respective of whether the final study report is signed by study
director or not, then such a PPR should be considered as retro-
spective PPR. Also, if a regulatory agency requests a PPR after
reviewing the final study report submitted to it by the sponsor,
this would obviously be interpreted as retrospective peer review
[1, 31, 17]. A retrospective peer review could be performed by
amending the study protocol describing the PPR process, and
discussing the findings of the RP in the amended pathology re-
port of the SP and in the amended final study report of the study
director. When a pathology working group, as directed by an

agency, is constituted for review, then the agency expects inde-
pendent signed reports by the SP and the RP and the original
slides [26]. This situation warrants a necessity for retention of
all raw data generated by the SP and RP for their respective
activities, as directed by the study protocol.

The OECD (2014) states: “Any requirements for peer re-
view performed at the test facility or by external consultants,
should be clearly described in the study plan or subsequent
study plan amendments. This should include information on
how the pathology peer review will be planned, managed, doc-
umented and reported. It should also be stated whether the re-
view will be performed contemporaneously or retrospectively”
[18]. The term contemporaneous peer review is considered
equivalent to the earlier term prospective peer review. Addi-
tionally, although the OECD does not explicitly provide any
reference points (criteria) for classifying a PPR as “contempo-
raneous” or “retrospective”, it is inferred that the only logical
criterion could be whether it is completed prior to (contempo-
raneous) or after signing the pathology report by the SP (ret-
rospective). This poses another problem because if the RP’s
statement/memo/report on the PPR is signed after the pathology
report is signed by the SP, then it means that it gets completed
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only after the pathology report is signed, and therefore, it is a
kind of retrospective peer review. It is also debatable whether
signing the final study report by the study director should be
the criterion for such classification, since the study gets com-
pleted only when the study director signs the final report. If the
final study report is still not signed by the study director, but the
pathology report is already signed by the SP, there is an oppor-
tunity to amend the study protocol and carry out a PPR possibly
as contemporaneous peer review.

The points described above are of great significance, not
only from the viewpoint of the scientific outcome of the pathol-
ogy findings and/or any improvements achieved through the
PPR process, but also from the GLP quality system point
of view for organizational SOPs and documenting all raw
data/correspondence in order to comply with multiple regula-
tions. It is also to be recognized that the OECD (2014) treats
both contemporaneous and retrospective peer review uniformly
for the purpose of (a) describing the PPR process either in the
study protocol or in its amendment; (b) recording observation
by the RP (from “notes”) during the histopathological exami-
nation of individual slides; (c) defining raw data as the docu-
mentation of how the PPR was conducted and all correspon-
dence, including minutes of teleconferences, in the study file,
and observations recorded from “notes”; (d) describing how
differences of interpretation were handled and changes made
to the SP’s original interpretation in the study report; (e) retain-
ing the RP’s signed statement in the study file in the absence
of his/her signature in the pathology report or final report; and
(f) reflecting the identity and affiliation of the RP in the final
report [18]. It is also evident that the OECD (2014) does not
differentiate the method, manner and extent of documentation
of raw data between contemporaneous and retrospective peer
review [18].

7. Conclusion

This paper brings out the mandatory requirement of com-
pliance to GLP quality systems covered in key regulations such
as those of the U.S. FDA and U.S. EPA, and the OECD Council
decision, including the provision of MAD applicable for OECD
member countries as well as Full Adherent and Provisional Ad-
herent non-member countries, for conduct of nonclinical stud-
ies by testing facilities for regulatory submission to agencies for
approval or authorization of products. The applicability of GLP
quality systems for data generated by histopathology evaluation
of tissues obtained from a toxicology study by a study patholo-
gist, and pathology peer review, when a study protocol includes
such a requirement, of a set of existing or new slides by an
expert peer review pathologist has been emphasized. Consid-
ering that certain components of a pathology report can possi-
bly undergo changes during or following peer review through
changes to observations and interpretation, leading to potential
changes/amendments to the outcome or conclusions of a study,
the emphasis of this article is the meticulous adoption of the
principles of the GLP quality system not only for data recording
(or capturing in electronic system) but also for subsequent cor-
rection of any such data. The definition of raw data stipulated in

different quality systems and its applicability to histopathology
observations, including certain contrasting perspectives of dif-
ferent stakeholders, reveals varying interpretations, inconsistent
expectations and diversity of practices. The article also brings
out that raw data generated under different types of peer re-
view processes do require compliance to GLP quality systems.
Overall, the multiple issues relating to definition of raw data
applied to histopathology observations of study pathologist and
peer review pathologist reveal a need for a harmonized interpre-
tation and expectation across regulatory agencies. This would
further help consistent interpretation and adoption by various
stakeholders, including testing facilities that conduct studies;
study pathologists who are responsible for pathology reports;
peer review pathologists who function as contributing scientists
for study pathologists; study directors who are the single point
of study control and responsible for the final report, including
the GLP compliance statement; the quality assurance personnel
who monitor/audit studies and provide quality assurance state-
ment to each study report; and others, as they all need to per-
form their respective functions in compliance with GLP quality
systems.
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