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A B S T R A C T

Evidence-based medicine (EBM) can be an unfamiliar territory for those working in tumor pathology
research, and there is a great deal of uncertainty about how to undertake an EBM approach to
planning and reporting histopathology-based studies. In this article, reviewed and endorsed by the
Word Health Organization International Agency for Research on Cancer’s International Collaboration
for Cancer Classification and Research, we aim to help pathologists and researchers understand the
basics of planning an evidence-based tumor pathology research study, as well as our recommen-
dations on how to report the findings from these. We introduce some basic EBM concepts, a
framework for research questions, and thoughts on study design and emphasize the concept of
reporting standards. There are many study-specific reporting guidelines available, and we provide
an overview of these. However, existing reporting guidelines perhaps do not always fit tumor pa-
thology research papers, and hence, here, we collate the key reporting data set together into one
the United States& Canadian Academy of Pathology. This is an open access article
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pathology
reporting
generic checklist that we think will simplify the task for pathologists. The article aims to comple-
ment our recent hierarchy of evidence for tumor pathology and glossary of evidence (study) types in
tumor pathology. Together, these articles should help any researcher get to grips with the basics of
EBM for planning and publishing research in tumor pathology, as well as encourage an improved
standard of the reports available to us all in the literature.

© 2024 THE AUTHORS. Published by Elsevier Inc. on behalf of the United States & Canadian Academy
of Pathology. This is an open access article under the CC BY license (http://creativecommons.org/

licenses/by/4.0/).
Introduction

The aim of evidence-based medicine (EBM) is to guide
clinical decision-making by integrating the best available
evidence with clinical expertise and patient values.1

Evidence-based practice is now well established in modern
health care. For diagnostic histopathology, which underpins
the fundamental basis of management of patients with tu-
mors, the need for an EBM approach is self-evident. To boost
this EBM approach in tumor pathology, the Word Health Or-
ganization’s International Agency for Research on Cancer2 set
out to systematically find and rank all published research
related to the World Health Organization Classification of
Tumours (WCT).3-5 The WCT serves as the internationally
acknowledged basis for cancer classification, forming the
foundation for all research and clinical management in
oncology globally.6 The “Mapping the Evidence for the World
Health Organization Classification of Tumours: a Living Evi-
dence Gap Map by Tumour Type” (WCT EVI MAP) project7

aims to produce evidence gap maps, visually highlighting
and ranking existing evidence to identify pockets of low-level
or absent data in the evidence base.3,4,7-9 Similar to system-
atic reviews of the literature, WCT EVI MAP will rely heavily
on well-reported manuscripts to facilitate screening and
appraisal of the studies identified. In this guide, which is
focused on tumor pathology and based on the WCT EVI MAP
Group’s experience with reviewing the citations of the WCT
literature, we make recommendations for pathologists and
researchers who are designing and reporting the results of
their work. We hope that this guide will help researchers
improve the quality of published work to guide evidence-
based pathology practice.
Tumor Pathology Research

In this guide, we use the term “tumor pathology” to refer to the
biological and clinical pathological study of benign and malignant
neoplasia. We encompass within this studies of etiology, epide-
miology, pathogenesis, clinical and diagnostic features (from pa-
tient characteristics to macroscopic, microscopic, and molecular
diagnostics), prognosis, and (where relevant) treatment response
prediction. This is essentially any topic that lies within the scope of
the WCT.
Figure 1.
The PICOT framework for structuring research questions. Here, we propose to
modify the model to include test and biomarker evaluation to make allow coverage
for various pathology studiesdsimilar systems are sometimes abbreviated to PICO
(eg, in clinical trials) or re-ordered as PIRTO (where the “C” is replaced by “R,” for
example in diagnostic test accuracy studies). Outcomes may include trial end
points such as recurrence or death, or test accuracy measure such as sensitivity or
specificity. Not all letters may be applicable in all studies, and purely descriptive
studies (such as case series) may not fit this model at all.
Design Phase: The Most Important Phase

Planning the Work: What Is the Research Question?

All research commences with a question. The importance of
this stage cannot be overstateddthe research question needs to
be clear, focused, succinct, unambiguous, clinically important, and
2

answerable. We recommend using a system such as PICOT
(Fig. 1)dto help structure this process.10
Gathering the Background Information

The questions identified may, or may not, have already been
answered, and hence, all research should now proceed to “what do
we already know?” It can be a waste of time, resources, and pa-
tient tissue if we repeat work that has already been answered;
hence, the first part of research is gathering and synthesizing the
existing evidence pertaining to the research question, and asking
what work is left to do. This is often an iterative process and can
take much longer than expected, but this should not discourage
pathologists/researchers from spending this time at the planning
stage, as it will always result in a more meaningful and publish-
able piece of work. We hope that this the WCT EVI MAP project,
once completed (scheduled for 2026), will facilitate this stage. The
project is dedicated to developing an online living tool that pro-
vides a synthesis of available evidence, categorized by tumor
classification-related topics and evidence levels.
Study Design

In an ideal world, the stage outlined above would always be
done via a systematic review, which may, in itself, be a study that
needs to be published. However, for most practicing pathologists,
this is unrealistic or not possible due to a lack of published work.
We recommend that when a genuine question needing answering
is identified, careful consideration is given to the best study
needed to answer the question, and how this will fit with (or
improve upon) the evidence currently available. Hierarchies of
evidence for tumor pathology (Fig. 2),7 are a useful guide for this,
where the aim should be to use the highest level of study design
possibledit is important to remember, however, that not every
question can be answered with a randomized controlled trial
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Figure 2.
The World Health Organization Classification of Tumours: a Living Evidence Gap Map by Tumour Type (WCT EVI MAP) hierarchy of evidence for tumor pathology. Here, the
higher levels (eg, P1/P2) represent preferable study designs with a lower risk of bias, and lower levels (eg, P5) represent study designs in which the reader may have less
confidence due to a higher risk of bias.11
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(although some can, even in diagnostic research). There are also
practical and funding considerations, and it is common in
research to compromise and deviate from the ideal design. What
is important is that this is carefully considered, clearly outlined
in the resulting manuscript, and the limitations discussed. Here,
we will try to provide an overview of the main categories of
study, and we have attempted as far as possible to align the
terminology around study design used with that suggested in
our previously published glossary.11 Not every type of study
imaginable is specifically covered in this guide, but we hope our
data set (outlined below) can be applied to almost any
manuscript.
Ethics and Conflicts

It goes without saying that research should be conducted
within the framework of the Declaration of Helsinki12 and other
international agreements, and that all research should be
conducted with a research ethics committee or equivalent
oversight, as well as peer review. It is also worth reminding
readers that not all work is primary biomedical research, some
evidence is derived from audits, quality or service improve-
ment (sometimes called service research), and methodology
development. Researchers should also make sure that they
3

follow the best legal, institutional, medical, and integrity
practices and ensure that they are appropriately trained for the
work they are doing. Research misconduct is obviously not
acceptable, but “questionable research practices” (eg, poor re-
cord keepingdmaterial compliance and poor reporting prac-
tices) should also be minimized as far as possible. Conflicts of
interest, especially financial, should be given careful consider-
ation before work begins and clearly disclosed in any manu-
script. Work needs to be carried out in accordance with national
and international data protection, governance, and confiden-
tiality requirements. It is also a good idea to ensure that there
are no conflicts arising from contractual obligations, intellec-
tual property, collaborative agreements, or funding restrictions.
The participation of industry in research is increasingly
encouraged and necessary to fund work and produce mean-
ingful technology; however, there is an important line not to
cross where industry or financially interested parties can bias
study protocol or manuscripts. Increasingly, commercial
stakeholders wish to review manuscripts and comment upon
thesedthe best practice is to outline to what extent the text
was edited to incorporate this (if changed). All journals publish
detailed guidance about how to disclose such relationships and
interactions, and it is beyond the scope of this guide to go into
detail here, but journals often adhere to the International
Committee of Medical Journal Editors recommendations.13
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Thinking Ahead to Publishing

As will be outlined in the rest of this article, there are many
guidelines and check lists available for reporting research.
Thinking ahead of this at the planning stage is highly recom-
mended, as trying to fit a report to a checklist can be impossible
after the data collection and analysis. We would also here advo-
cate the involvement of a statistician as early as possible in the
planning stage.
Conducting the Study

Before commencing work, it is important that all researchers
involved know what the plans are and how to conduct the
work. In most cases, this is best handled with a study protocol,
although sometimes this is perhaps not necessary (eg, 1 or 2
authors narratively examining a small case series they have
identified). Where a protocol is used, best practice is to publish
or deposit this online where possible (for a list of suitable on-
line depositories, eg, see the National Health Service (NHS)
Heath Research Authority guide).14 In all cases, good docu-
mentation of what should be done is key. Careful consideration
should be taken over data collection and storage, and a piloting
phase is always recommended as details overlooked at the
planning stage very often come to light. Some funders will
support feasibility studies for larger projects.
Reporting the Study

Reporting Best Practices

Arguably the most important part of the research cycle is the
publication of results. Data can sometimes speak for themselves,
but only when adequately reported. Researchers know (hope-
fully) what they have done and can have confidence in their
results because they know it was done right, but the reader also
needs to have this level of confidence, particularly if the research
is ultimately going to impact patient care or further scientific
developments. Good reporting practices and guidelines have
been published for most study designs (https://www.equator-
network.org). Using these “check lists” to produce a well-
written and detailed manuscript (ie, substantiated by data,
explicit methods, and analyses) allows the reader to understand
and interpret the data for themselves and may help reduce
bias.15 In addition, a well-documented piece of research may
allow systematic reviewers to use the data in future synthesis
and meta-analyses, making the authors work even more im-
pactful. It is difficult however for some pathologists/pathology
researchers as authors to know exactly what details to include in
a manuscript, and this has been clear to us in the WCT EVI MAP
project. Here, we aim to provide guidance to pathologists/pa-
thology researchers to overcome this obstacle. Table is a gener-
alized overview of the data set we would recommend for
reporting any tumor pathology manuscript. This data set
checklist is based upon, and adapted from, other existing
checklists mentioned throughout this article. However, many of
these existing checklists are not well suited for tumor pathology
studies, and hence, here, we have attempted to tailor these for
the pathologist/pathology researcher. We hope that our list will
complement those we mentioned below and that authors will
use these at the planning stage of their research.
4

Studies Describing Tumor Characteristics

Much of tumor pathology literature is descriptive, defining
features or characteristics of a particular tumor type. These may
describe clinical presentation, findings from imaging, biochem-
istry, and cytology test results, and macroscopic and microscopic
features including immunohistochemical features and typical
molecular alterations. A distinction should be made here between
descriptive studies that define a tumor for classification purposes
(what a pathologist usually means when they talk about making a
diagnosis) and those that evaluate diagnostic tests (refer to the
following sections). Many studies in this descriptive category are
essentially reporting a case seriesdsimilar cases collected and
described by pathologists/researchers. See our glossary for a more
detailed explanation.11 When reporting these studies, we would
recommend the minimum data set as outlined in our checklist
(Table). Although aimed at surgical case series, we would also
recommend authors review the very useful Preferred Reporting of
CasE Series in Surgery guidelines.16 Some studies outlining tumor
characteristics may follow a classical epidemiologic cohort (refer
to the following sections) or case-control design, and for these, we
would also recommend authors take into account the relevant
Strengthening the Reporting of Observational Studies in Epide-
miology (cohort studies or case-control) checklists.17
Diagnostic and Reproducibility Studies

Studies that evaluate a specific method or test to aid reaching a
diagnosis may follow the design of a diagnostic test accuracy
(DTA) study. These could be studies looking at the accuracy (eg,
sensitivity and specificity) of a specific histologic feature, an
immunohistochemical (IHC) stain, or a molecular test. For these,
we would strongly recommend following our data set (Table) or
the Standards for Reporting of Diagnostic Accuracy Studies
(STARD) checklist.18,19 We distinguish diagnostic test studies from
more descriptive type studies that characterize a tumor (which
pathologists will probably more commonly think of as “diag-
nostic” papers), the latter are described above (“studies describing
tumor characteristics”). We also distinguished studies using tests
to provide prognostic or predictive information (again for these,
refer to the following sections). See our glossary for a more
detailed explanation.11 There is no good checklist available for
reproducibility studies (where pathologists’ test results are
compared against each other for concordance), but there is suffi-
cient overlap with DTA studies that we recommend following our
checklist or STARD for these as well (as far as possible).

For DTA and reproducibility studies, we recommend in our
checklist, in addition to STARD, adding an outline of how the cases
were selected from a diagnostic archivedthe search strategy and
details about which cases were eligible or excludeddhow a
sample size was chosen, how many cases were missing results or
were unusable and why (eg, referral cases, blocks were lost or
tissue exhausted), and consider any biases in selecting only from
their institution (eg, tertiary center with expertise in tumor type
versus more generalist setting). Brief details of the reagents and
equipment used should also be outlined. We recommend giving
full details of the pathology reviewdnumber of pathologists
involved, level of training and experience in the subspeciality/
tumor type, if blinding was used (from each other and the gold
standard test results), detail of any wash out periods that were
used between case re-reviews (if applicable), handling of inter-
pretation disagreements and consensus reaching, and specific
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Table
The “Mapping the Evidence for theWorld Health Organization Classification of Tumours: a Living Evidence GapMap by Tumour Type” group data set checklist for reporting
tumor pathology research

TITLE Identify study design (cohort, case series, case-control, etc.) and tumor type (if appropriate) in addition to the main result/discovery

Abstract Provide the premises and aim of the study. State study design, prospective or retrospective (where relevant)

State sample size and source? And main statistical results. Provide conclusions

Introduction Background Rationale and context for the study. State clinical relevance of issuedwhy is the study important?

Objectives Clinical/biological question to be investigated/testeddstate a PICO or similar

Methods Study design State study design type, prospective or retrospective (where relevant), why this study was chosen

State sample size (no. of cases) and how the sample size was determined

State if the question was formed before cases were selected, or on an existing cohort

State if a study protocol was prepared and published/deposited and where prospective recruitment registry data are available

Ethics review and approval details, any anonymization carried out (or state if it was not needed)

Setting State geographic (country) settings, multi or single center
State health care setting (community, secondary, tertiary, etc.)

Participantsa Case selection (where applicable): inclusion and exclusion criteria, where/how cases were identified, description of material used and
how it was handled, database search criteria, what cases had in common, how controls were selected (if needed), how many were
missing from an archive, howmany cases lack enough tissue for inclusion, random inclusion or consecutive inclusion, how cases were
enrolled/identified if done prospectively.

Pathologists Details of pathology review: to what extent were cases reviewed, how many pathologists, level training (qualifications, experience,
and current practice), method of review (digital or glass), what stains were reviewed, method of reporting results, AI involvement,
pathologist blinding (to each other or other pertinent results/data, wash out periods for individuals), handling borderline
interpretations and discordance, consensus meetings, audit of any cases by other parties, learning curves that were overcome during
study

Diagnostics Diagnostic criteria (where relevant) for included cases, outline if these were changed over the study/since cases reported (criteria
updated, stage or grade drift)

Details of index/comparator test (where relevant)

Define outcomes to be analyzed and how these were derived/confirmed (where relevant)

Describe any other efforts to limit bias

IHC/molecular/
other

Briefly outline methods (performed manually or by automated machine), timings

State assay/antibody and clone/target/probe/reagents and companies/suppliers

State equipment used and companies/suppliers

Analysis Outline statistical methods (including subgrouping or sensitivity analyses) and software used

Details of how missing data and/or loss to follow up was addressed

State that all analyses were planned a priori

Results Participantsa Outline cases at each stage of study (number in archive, number selected, number available, number analyzed, and number missing or
lost to follow up). Use a flow diagram (eg, CONSORT, PRISMA) where appropriate

Baseline characteristics of patients (clinical data, age at time of sampling) and cases (tumor type, grade, stage, ancillary tests, and any
other). Summarize in data tables where appropriate

Time between samples acquired and study (age of cases, variation of this within the cohort).

Adverse effects of any intervention/test where applicable.

Descriptives Results of pathology review (where applicable). Use tables or flow diagrams where appropriate

Results of outcome data (where applicable) and follow up time. Use tables or flow diagrams where appropriate

As far as possible or practical, include all raw data (or include in supplementary files, or provide a link to deposited data) that would
allow repeat independent analysis

Statistics Relevant statistics with 95% CIs and/or P values where applicable, adjusted and unadjusted (where relevant)

Detail how boundaries or dichotomies were derived

Include all analyses that were carried out (selective inclusion of results is to be avoided)

Discussion Findings Summarize key findings

Limitations Study limitations, potential sources of bias, statistical uncertainty
Areas where further work is needed

Relevance Relevance to clinical practice and generalizability, and taking into consideration the context of existing published data

Ability to adopt findings into clinical practice

Conflicts Funding sources and involvement by funders, Authors conflicts of interestdall funding to be stated even if not directly influencing the
work

Other publications using the same data/cases

Key points
(if used)

State the problem and what has been done before State what the study has found and adding up to the evidence base

State what is still unknown

a Participants may be included in either methods or results, or both.
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methods of interpreting a test result (eg, how an IHC stain was
interpreted). These additional data are included in our checklist
(Table 1).

Not all studies follow the DTA design encompassing compari-
son of a new test with an established reference (a.k.a. gold)
standard (or existing practice) in a representative cohort of
5

samples. For example, a technical validation or verification type of
design with selected positive and negative cases. Nonetheless, we
would encourage authors to follow our checklist or STARD as far as
possible in these cases and adapt the data set where appropriate.
Identifying the type of study design in the abstract or title would
be best practice.
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Prognostic Studies

These tend to be cohort studies where the outcomes for pa-
tients with a particular tumor are evaluated (see our glossary for
a more detailed explanation11). This could be a morphologic
feature, the grade or stage, or an IHC or molecular characteristics.
In cohort studies, outcomes are either already known (retro-
spective) or patients are later followed up (prospective). We
recommend following the Strengthening the Reporting of
Observational Studies in Epidemiology (cohort studies) checklist,
or our checklist, for these in general or the REporting recom-
mendations for tumor MARKerprognostic studies checklist for
specific tumor markers17,20,21 and would emphasize the need to
be clear in the abstract which study design has been used, the
sample size, and if the study is prospective or retrospective (the
latter having more risk of bias). Many authors like to present
these cohort baseline and outcome data in tables, but others may
prefer to summarize using a flow diagram, similar to the
Consolidated Standards of Reporting Trials (CONSORT) or
Preferred Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) diagram. Both of these approaches can be
helpful to the reader and/or a systematic reviewer, and wewould
encourage the use of such visualization methods where possible.
As for DTA studies, we would recommend outlining how the
cases were selected, the details of the pathology review, and
stating clearly how the feature was defined/morphologic criteria
used (or test interpreted). Case series are usually smaller col-
lections of isolated but similar cases that are grouped together,
occasionally to look at outcomes. Usually, there is no exposed/
unexposed for comparisons to be made. The distinction from
cohort studies can be sometimes difficult, but guidance exists.22-
24 Also, see our glossary for a more detailed explanation.11 For
more complex modeling, the Transparent Reporting of a Multi-
variable Prediction Model for Individual Prognosis or Diagnosis
checklist may be more appropriate.25,26
Case Reports

Case reports (usually just one case, or sometimes, a very small
collection of similar cases) usually have limited utility in EBM.
However, in pathology, case reports often bring useful practice
points, highlight rare (or hitherto undocumented) exceptions to
the generally accepted rule (it could be the first report of a false
positive IHC result for example), provide data on rare tumors, or
can be useful educational material (discussions around differ-
ential diagnoses). See our glossary for a more detailed explana-
tion.11 We recommend using our checklist or following the CARE
(CAse REport)27 or Surgical CAse REport28 checklists when
reporting cases. We would emphasize and add to this that for
pathology case reports, certain information should be included,
such as background, clinical and family history, any available
imaging results, the specimen and dissection procedures and
reporting data sets used, where relevant (national or interna-
tional guidelines), details of tissue stains used, IHC antibody
clones and manufacturers, and details of clinical outcomes,
where known should be included.
Clinical Trials

Clinical trials (including randomized controlled trials) do
not often feature in the WCT, particularly for rare tumor types.
However, these are included here for completeness, as they
6

play an increasingly important role in personalized medicine
(companion diagnostics development). Pathologists are often
involved in clinical trial research and are perhaps asked to help
draft relevant sections of manuscripts. The CONSORT guide-
lines29 are well known for general clinical trial reporting, but we
recommend following the SPIRIT-Path (Standard Protocol Items:
Recommendations for Interventional Trialsdpathology exten-
sion)30 checklist for pathology aspects of clinical trials. A CON-
SORT diagram (or similar) should be used.31 Finally, it is worth
noting that the information and/or samples collected in a clinical
trial can be used to test a different research question (eg, the
prognostic value of a biomarker) related to histopathology.
Prediction Studies

We use the term “predictive” here to refer to markers predic-
tive of treatment response and companion testing. For most sit-
uations, this will be based on clinical trial data as above as well as
on diagnostic test accuracy/validation studies.
Mechanisms and Pathogenesis

Reporting guidelines are less well developed for mechanistic
and basic science or wet laboratory (experimental pathology) type
studies. Nature Cell Biology has produced detailed guidance on
these however, and we would recommend following these in
most cases. For studies using animal models, the Animal Research:
Reporting of In Vivo Experiments (ARRIVE) guidelines are
recommended.32
Systematic Reviews

Systematic reviews attempt to find, appraise, and summarize
all the existing evidence on a topic. They are carried out with a
specific clinical question and search criteria and may or may not
include a meta-analysis. Systematic reviews are not common in
the pathology research literature, but when conducted, we
recommend following the PRISMA guidelines33 and the use of a
PRIMSA flow diagram.34 Systematic review studies include a big
picture review type of studies, such as evidence gap maps.7

We dowish to distinguish between systematic reviews that are
published primarily as a piece of research and guidelines from
institutions (such as College of American Pathologists, American
Society of Oncology, Royal College of Pathologists, and others),
many of whom commonly use systematic methods in the devel-
opment of such documents. The development and reporting of
guidelines are very much the domain of those institutions pub-
lishing them and as such we consider them to fall outside of the
scope this guide, other than to say that we hope this guide helps
improve the reporting of evidence upon which these commonly
cited guidelines rely.
Conclusions

In this brief guide we have outlined the basis for planning,
conducting, and reporting good quality research in tumor pa-
thology. This guide is not intended to be all-encompassing or to
replace any existing EQUATOR checklists. However, we hope this
will complement existing guidelines, and can be easily adopted
into the planning and writing up of pathology studies of tumor
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pathology. Following this guidance should help to improve the
level of detail in tumor pathology research publications, which in
turn should make systematic reviewing of the literature much
easier and encourage secondary researchers to focus more
attention on this underrepresented area of medicine for evidence
synthesis.
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