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Abstract

The WHO Classification of Tumours (WCT) guides cancer diagnosis, treatment, and research. However, research evidence
in pathology continuously changes, and new evidence emerges. Correct assessment of evidence in the WCT 5th edition
(WCT-5) and identification of high level of evidence (LOE) studies based on study design are needed to improve future
editions. We aimed at producing exploratory evidence maps for WCT-5 Thoracic Tumours, specifically lung and thymus
tumors. We extracted citations from WCT-5, and imported and coded them in EPPI-Reviewer. The maps were plotted using
EPPI-Mapper. Maps displayed tumor types (columns), descriptors (rows), and LOE (bubbles using a four-color code). We
included 1434 studies addressing 51 lung, and 677 studies addressing 25 thymus tumor types from WCT-5 thoracic tumours
volume. Overall, 87.7% (n=1257) and 80.8% (n=547) references were low, and 4.1% (n=59) and 2.2% (n=15) high LOE
for lung and thymus tumors, respectively. Invasive non-mucinous adenocarcinoma of the lung (n=215; 15.0%) and squamous
cell carcinoma of the thymus (n=93; 13.7%) presented the highest number of references. High LOE was observed for col-
loid adenocarcinoma of the lung (n=11; 18.2%) and type AB thymoma (n=4; 1.4%). Tumor descriptors with the highest
number of citations were prognosis and prediction (n=273; 19.0%) for lung, and epidemiology (n=186; 28.0%) for thymus
tumors. LOE was generally low for lung and thymus tumors. This study represents an initial step in the WCT Evidence Gap
Map (WCT-EVI-MAP) project for mapping references in WCT-5 for all tumor types to inform future WCT editions.
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Introduction

One of the key requirements for accurate cancer diagnosis
is the availability of a comprehensive classification of dif-
ferent tumor types. The World Health Organization (WHO)
therefore regularly updates WHO Classification of Tumours
(WCT), produced as a website and as the WHO Blue Books.
These are essential resources for pathologists and research-
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ers among many other specialists worldwide. The WCT is
based on multidimensional criteria, including clinicopatho-
logical features; these criteria are described for each tumor
type, and essential and desirable criteria are listed to make
reliable tumor diagnoses [1, 2].

Tumor classification has seen and is expected to see more
major changes in the recent decades due to increased under-
standing resulting from the application of new technologies,
e.g., large-scale molecular profiling of tumor DNA or artifi-
cial intelligence and digital pathology [3—7]. Likewise, new
technologies in the field of cancer research are emerging,
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thus highlighting the importance to approach the classifica-
tion of tumors from multiple dimensions [3-5].

Given the emergence of new techniques, as well as the
heterogeneity of biomedical and cancer research, the qual-
ity and level of evidence (LOE) for the study designs of
citations in the WCT often vary significantly [8]. Addi-
tional reasons are the rarity of some tumor types that are
covered in the WCT and the lack of LOE adapted to tumor
pathology. The WCT sets the standards for cancer diagno-
sis and research. Therefore, the WCT is required to follow
the principles of evidence-based medicine (EBM) and aim
to synthesize the best available evidence to date. However,
identification of the most relevant evidence and assessment
of LOE and quality for published data is often difficult. The
reasons for this include the high number of existing refer-
ences and their variable quality. To address and assist in the
evaluation of existing evidence, a new technology called the
Evidence Gap Map (EGM) has emerged. EGMs synthesize
and display available evidence for a given research question
and are predominantly used in social sciences and public
health [9-11]. No EGMs or evidence maps had been pro-
duced to evaluate the cited evidence for tumor classification
before, and the WCT EVI MAP project was developed to
fill in this gap.

The present study is encompassed within the WCT EVI
MAP project, which is funded by the European Commis-
sion horizon grant (101057127) and commenced in 2022.
This project’s objective is to create living maps of current
evidence to identify gaps and pockets of low-level evidence
to assist in the production of the WCT next edition [12].

In this study, we have developed evidence maps for the
cited references in the WCT 5th edition (WCT-5) for tho-
racic tumors [1], particularly for lung and thymus tumors,
as well as exploring the LOE of the cited studies for differ-
ent tumor types and tumor descriptors. For this purpose, we
used the traditional LOE for assessing the cited evidence,
i.e., in accordance with criteria from the Centre for Evidence
Based Medicine (CEBM) of the University of Oxford [13],
available for this purpose during the period of study.

Material and methods

We developed exploratory evidence maps according to our
previously published protocol [14] for the cited evidence in
the WCT-5 for thoracic tumors, which include tumors of the
lung and thymus.

EPPI-Reviewer [15] and EPPI-Mapper [16] had been
previously selected to develop the evidence maps. Both are
open access software designed for reviews which permit the
import of items in different format for coding and graphical
interactive EGM production [15, 16].
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A list of cited evidence in the lung and thymus tumor
chapters for thoracic tumors [1] was exported from the
WCT-5 and imported to EPPI-Reviewer. Therefore, no struc-
tured literature search was performed since our objective
was to map citations in the WCT-5 for these tumors, thus
creating evidence maps instead of EGMs. We extracted the
references from the database that holds the WCT content
at IARC, as PubMed IDs, and imported the text as a list to
EPPI-Reviewer. Eligibility was restricted to citation in one
of the target chapters. All study designs were included. All
articles had an abstract written in English.

We applied predefined coding tool for the study design
and tumor descriptors. Coding in EPPI-Reviewer for each
chapter was done by a single reviewer and another reviewer
reassessed the citation if the study design was unclear. If the
study design was not assigned by information displayed in
the title and abstract, the full text was accessed and assessed.
LOE was assigned for the study designs based on criteria
from the CEBM of the University of Oxford [13]. We then
imported the data to EPPI-Mapper to generate an interactive
evidence map to graphically display the results.

The resulting maps include the following key compo-
nents: tumor types constituting the columns of the map, cat-
egories of tumor descriptors (Supplementary Table 1) con-
stituting the rows, and LOEs (Supplementary Fig. 1) inside
the resulting squares as bubbles (segmenting attribute), i.e.,
encompassing both tumor type and tumor descriptor. If a
particular study had been cited more than once for different
tumor types and/or tumor descriptors, it was plotted multiple
times. The number of references per tumor type and tumor
descriptor was reflected in the size of the bubbles, whereas
the LOE was represented through a four-color code: low
level evidence in red, moderate level in orange, and high
level in blue. Uncodable citations as per study design were
displayed in blue. Systematic reviews and randomized con-
trolled trials were considered high; cohort and case control
studies moderate; and cross sectional studies, as well as case
series and reports and expert opinions and non-systematic
reviews were considered low LOE. Only LOE was consid-
ered and not the quality of the study or the journal impact
factor. In addition, the aim of this study was to map the cited
evidence in WCT-5 but not to assess any author bias.

Results
Tumors of the lung
We included 1434 studies cited in the lung chapter of the

WCT-5 for thoracic tumors, which addresses 51 unique
tumor types.
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Fig. 1 Extract of the exploratory evidence map for WCT-5 for thoracic tumors, tumors of the lung chapter (n=1434)

Overall, 87.7% (n=1257) references were labelled as
low-level evidence, mainly case series, case reports or
narrative reviews, whereas 4.4% (n=63) were moderate-
level, 4.1% (n=59) were high-level, and 3.8% (n=51)
were uncodable (Fig. 1).

The complete map can be accessed here.

The number of cited articles greatly varied among dif-
ferent tumor types. Invasive non-mucinous adenocarci-
noma of the lung chapter had the highest number of cita-
tions (n=215; 15.0%) and, conversely, the highest number

Fig.2 Number of references
per level of evidence and tumor
types for WCT-5 for thoracic
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of high-level references (n=25; 11.6%) and the lowest
number of low-level cited references (n =150, 69.8%)
among all the chapters. The second chapter in number of
cited references was carcinoid/neuroendocrine tumor of
the lung (n=108; 7.5%); however, 92.6% of these were
designated as low-level evidence (n=100). No other chap-
ter contained as many citations as this. We observed that
13.7% (n=17) of the chapters contained 41 to 72 cited ref-
erences; 29.4% (n=15) of the chapters contained 20 to 34
references; and 52.9% (n=27) of the chapters contained
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Table 1 Number of references
per level of evidence and tumor
descriptor for WCT-5 for
thoracic tumors, tumors of the

lung chapter (n=2018)
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Tumor descriptor

Level of evidence Number of references

per tumor descriptor

% (n)

Total number of references
per tumor descriptor % (n)

Clinical manifestation

Clinical manifestation: others

Cytology

Diagnostic molecular pathology

Differential diagnosis

Epidemiology

Etiology

General features

Grading

Histopathology: others

Imaging

Immunohistochemistry

Localization

Macroscopic appearance

Pathogenesis

High

Low
Moderate
High

Low
Moderate
Low

High

Low
Moderate
Uncodable
High

Low
Uncodable
High

Low
Moderate
High

Low
Moderate
Uncodable
High

Low
Moderate
Uncodable
High

Low
Moderate
High

Low
Moderate
Uncodable
High

Low
Moderate
Low
Moderate
Uncodable
High

Low
Moderate
High

Low

High

Low
Moderate
Uncodable

2.4% (2)
94.1% (80)
3.5% (3)
11.1% (4)
83.3% (30)
5.6% (2)
100.0% (73)
1.5% (2)
79.2% (103)
10.8% (14)
8.5% (11)
0.8% (1)
97.7% (127)
1.5% (2)
2.4% (4)
94.1% (159)
3.6% (6)
5.4% (6)
79.3% (88)
9.0% (10)
6.3% (7)
1.4% (3)
94.9% (206)
2.8% (6)
0.9% (2)
14.3% (1)
42.9% (3)
42.9% (3)
4.0% (2)
86.0% (43)
4.0% (2)
6.0% (3)
4.7% (5)
93.4% (99)
1.9% (2)
94.1% (143)
0.7% (1)
5.3% (8)
2.6% (2)
96.1% (73)
1.3% (1)
3.1% ()
96.9% (63)
1.1% (3)
86.6% (233)
2.6% (7)
9.7% (26)

4.2% (85)

1.8% (36)

3.6% (73)
6.4% (130)

6.4% (130)

8.4% (169)

5.5% (111)

10.8% (217)

0.3% (7)

2.5% (50)

5.3% (106)

7.5% (152)

3.8% (76)

3.2% (65)

13.3% (269)
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Table 1 (continued) Tumor descriptor

Level of evidence Number of references

Total number of references

per tumor descriptor per tumor descriptor % (n)

% (n)
Patterns/subtypes High 8.6% (3) 1.7% (35)
Low 85.7% (30)
Moderate 2.9% (1)
Uncodable 2.9% (1)
Prognosis and prediction High 11.7% (32) 13.5% (273)
Low 81.0% (221)
Moderate 7.0% (19)
Uncodable 0.4% (1)
Staging Low 97.1% (33) 1.7% (34)
Moderate 2.9% (1)
Tumors of the thymus

less than 20 cited references, with 33.3% having less than
10 cited references. Only low-level evidence was cited in
45.1% (n=23) chapters, all corresponding to rare and very
rare tumors, while another 94.1% (n=48) contained more
than 85% low-level evidence. The chapters with the high-
est proportion of high-level references were small cell lung
carcinoma of the lung (n=35; 8.1%) and minimally inva-
sive adenocarcinoma of the lung (n=25; 12.3%) (Fig. 2,
Supplementary Table 2).

By tumor descriptors, some of the 1434 unique cita-
tions were cited multiple times. Therefore, we coded 2018
references among the 18 tumor descriptors. Prognosis and
Prediction was the heading with the highest number of
cited evidence (n=273; 19,0%), followed by pathogenesis
(n=269; 18,8%) and histopathological general features
(n=206; 14,4%). On the other extreme, grading (n="7;
0,5%), staging (n=34; 2,4%) and pattern/subtypes (n=235;
2,4%) were the categories with the lowest number of cita-
tions (Table 1, Supplementary Fig. 2).

TUMOURS OF THE THYMUS

TypeAThymoma | Type AB Thymoma | Type 51 Thymoma | Type 52 Thymoma | Type 53 Thymoma | Micronodutar

@ Low Level ® Medium Level ® High Level ® Unclassifiable Evidence

)| Evidence Gap Map for the WHO Classification of Tumours (WCT) of the Thymus (based on
Blue Book of the Thorax 5th edition, published 2021) ¥ Organization

We included 677 studies cited in the lung chapter of the
WCT-5 for thoracic tumors, which addresses 25 unique
tumor types.

Overall, 80.8% (n=547) of references were labelled as
low-level evidence, whereas 7.8% (n=153) were of moderate-
level, and 2.2% (n=15) were coded as high-level evidence,
and 7.2% (n=49) were found to be uncodable (Fig. 3).

The complete evidence map can be accessed here.

A heterogeneous pattern was found for the number of cita-
tions per tumor type. Squamous cell carcinoma yielded the
largest number of references (n=93; 13.7%) but not the larg-
est number of high-level evidence (n=2; 2.2%). Type B3 thy-
moma was second in number of references (n=69; 10.2%).
However, the chapters with the lowest level of evidence were
metaplastic thymoma (n=8; 34.8%) and thymic carcinoma not
otherwise specified (NOS) (n=35; 38.5%). Nevertheless, these
chapters, i.e., metaplastic thymoma and thymic carcinoma NOS

International Agency for Research on Cancer

¢ BN World Health

Generated using v.2.3.0 of the EPPI-Mapper powered by EPP| Reviewer and created with @@ by the Digital Solution Foundry team.

Fig. 3 Extract of exploratory evidence map for WCT-5 for thoracic tumors, tumors of the thymus chapter (n=677)
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Fig.4 Number of references
per level of evidence and tumor
types for WCT-5 for thoracic
tumors, tumors of the thymus
chapter (n=677)

Thymic carcinoma

also presented the higher number of uncodable studies (n=14;
60.9% and n=06; 46.2%, respectively). Other tumor types with
low numbers of low LOE studies were the type AB thymoma
(n=25;71.4%) and small cell carcinoma of the thymus (n=13;
72.2%). In summary, 24.0% (n=6) of the chapters cited more
than 35 references, specifically between 93 and 44 references,
36.0% (n=9) 15 to 35 references and 40.0% (n=10) less than
15 references, specifically 8 to 14 references. Two chapters
(8.0%) included only low-level evidence, both corresponding
to very rare tumors. The chapters with the highest proportion
of high-level references were type AB thymoma (n=4; 1.4%),
thymic carcinoma NOS (n=1; 7.7%) and type A thymoma
(n=4;7.7%) (Fig. 4, Supplementary Table 3).

By tumor descriptor, some of the 677 unique citations
were cited multiple times. We coded 1297 references, of
which the highest number corresponded to epidemiology
(n=186; 28.0%), prognosis and prediction (n=184; 27.0%),
and pathogenesis (n=155; 23.3%). On the other extreme,
clinical manifestations, other (n=10; 1.5%), diagnostic
molecular pathology (n=11; 1.7%), and prognosis and pre-
diction (n=13; 2.0%) presented the lowest number of refer-
ences (Table 2, Supplementary Fig. 3).

Discussion
We observed that references cited in the WCT-5 for thoracic

tumors, chapters on tumors of the lung and thymus, mostly
correspond to a low LOE based on the CEBM LOE and study
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design. Additionally, the number of cited references was hetero-
geneously distributed, with some tumor types including hun-
dreds of citations and others less than 10. It is likely that these
differences are related to tumor incidence, i.e., the higher the
incidence of a specific tumor, the higher the number of pub-
lished studies addressing it. In line with this, invasive non-muci-
nous adenocarcinoma of the lung, which is a high-incidence
lung tumor, had the highest number of citations [17]. This is
further supported by the fact that the tumors with the highest
proportion of high LOE were high incidence tumors and the
tumor types presenting only low LOE evidence were rare and
very rare tumors. This could be because achieving higher sam-
ple numbers and, thus, performing high LOE studies is difficult
for rare tumor entities. However, with regard to tumors present-
ing a higher incidence, we observed that only 3.5% of all cited
evidence addressed squamous cell carcinoma, i.e., variations
exist across tumor entities. Another possible explanation is the
lack of existing evidence for some neoplasms, mainly for rare
tumor types, as well as the inaccessibility of some studies. For
example, certain types of lung cancer, such as adenocarcinoma,
lung squamous cell carcinoma (SQCC) and small cell lung can-
cer (SCLC) present a higher proportion in non-smoking people
of East Asian origin in comparison to non-smokers from else-
where [18-20]. Consequently, research written in a language
different than English may be less accessible to the research
community and editors of the WCT. Yet another possible expla-
nation is that existing evidence is written by non-pathologists
and, therefore, does not use tumor descriptors that appear in the
WCT headings for certain tumor types.
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Table 2 Number of references
per level of evidence and tumor
descriptor for WCT-5 for
thoracic tumors, tumors of the
thymus chapter (n=1297)

In addition, the tumor descriptor sections with the highest
number of references overall were Prognosis and Prediction
and Pathogenesis. This may be due to research focusing more
on these areas, or of greater clinical relevance. Therefore, a

Tumor descriptor

Level of evidence Number of references Total number of references

per tumor descriptor per tumor descriptor % (n)
% (n)
Clinical manifestation High 0.8% (1) 9.9% (129)
Clinical manifestation: others Low 93.0% (120)
Moderate 6.2% (8)
High 10.0% (1) 0.8% (10)
Low 90.0% (9)
Cytology Low 100.0% (24) 1.9% (24)
Diagnostic molecular pathology Low 90.9% (10) 0.8% (11)
Uncodable 9.1% (1)
Differential diagnosis Low 94.0% (63) 5.2% (67)
Moderate 4.5% (3)
Uncodable 1.5% (1)
Epidemiology High 4.8% (9) 14.3% (186)
Low 81.7% (152)
Moderate 12.9% (24)
Uncodable 0.5% (1)
Etiology High 2.2% (1) 3.5% (45)
Low 97.8% (44)
General features Low 91.1% (123) 10.4% (135)
Moderate 8.1% (11)
Uncodable 0.7% (1)
Histopathology: others Low 100.0% (1) 0.1% (1)
Imaging Low 97.2% (35) 2.8% (36)
Uncodable 2.8% (1)
Immunohistochemistry Low 95.9% (118) 9.5% (123)
Moderate 3.3% (4)
Uncodable 0.8% (1)
Localization High 5.6% (1) 1.4% (18)
Low 88..9% (16)
Uncodable 5.6% (1)
Macroscopic appearance Low 91.5% (54) 4.5% (59)
Moderate 8.5% (5)
Pathogenesis High 1.3% (2) 12.0% (155)
Low 69.0% (107)
Moderate 2.6% (4)
Uncodable 27.1% (42)
Patterns/subtypes Low 100.0% (21) 1.6% (21)
Prognosis and prediction High 2.2% (4) 14.2% (184)
Moderate 23.9% (44)
Low 67.4% (124)
Uncodable 2.7% (5)
Staging Low 67.7% (63) 7.2% (93)
Moderate 9.7% (9)
Uncodable 22.6% (21)

focus on improving under-researched or under-cited catego-
ries of tumor descriptors and pockets of low LOE may be
desirable to inform future WCT editions for thoracic tumors.
This is especially important for rare tumors, for which solid
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evidence is often lacking. This could be achieved through
international consortiums/groups focusing on particular rare
tumors to achieve higher sample numbers and thus perform
higher LOE research. In addition to mapping citations within
the WCT, we plan to map all available evidence since 2018,
when WCT-5 started publication, using an extensive search
strategy for tumor types within the WCT EVI MAP project
[12], to identify gaps in published research, both for tumor
type and tumor descriptor, as well as pockets of low LOE.
Knowing the lack of literature in certain tumor types and
descriptors through this project will enable researchers to
identify research future research areas to focus on.

For lung tumors, the type with the highest number of
references, i.e., invasive non-mucinous adenocarcinoma of
the lung, also presented the highest number of high LOE.
However, we did not observe the same for thymus tumors.
We believe it would be interesting to explore the distribu-
tion of high LOE references across for other tumors in the
WCT [12].

We analyzed the cited evidence in accordance with tumor
types and descriptors and LOE as per study designs. How-
ever, visualizations of the geographical area in which the stud-
ies were performed, and publication date distribution of the
selected evidence would help identifying additional gaps and
pockets of LOE. Most of the study settings in tumor research
are in high-income countries and therefore addressing lung and
thymic tumors in people of European origin [21, 22].

Our study has other limitations. Most of the coding of
each chapter was done by a single reviewer. However, to
overcome this limitation, a second reviewer was employed to
solve doubts and disagreements. In addition, an assessment
of the risk of bias or overall methodological quality of the
selected studies is usually performed in evidence synthesis.
The value of a study not only depends on the study design
although it is an important aspect. Given the exploratory
character of our study, we did not evaluate critically the
included studies for the quality.

Finally, the CEBM LOE were primarily designed for clin-
ical and therapeutic medical procedures. Given the specific
characteristics of pathology, the possibility of performing
studies that correspond to high CEBM LOE is limited [23].
This may explain the high number of low LOE studies in
our exploratory map. Having identified this limitation, we
recently developed a hierarchy for evidence in tumor pathol-
ogy (HETP), which adapts CEBM LOE to tumor pathol-
ogy [24]. This study performed prior to the development of
HETP lends support to the concept that CEBM LOE may not
accurately reflect the LOE pertaining to tumor pathology.
The preparation of evidence maps applying HETP are cur-
rently in progress within the WCT EVI MAP project [12],
which will enable comparison facilitating adoption of HETP
for evidence maps for tumor pathology in future.
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Conclusion

The present study represents a first step in the WCT EVI MAP
project [12], which aims to assess existing evidence for differ-
ent tumor types and their descriptors. We observed that, when
applying CEBM LOE, most studies were coded as low LOE.
We also observed great heterogeneity throughout all assessed
areas. The next step will involve mapping the existing evidence
for tumor types in WCT-5 using HETP to create living maps
to support the editorial boards for the new edition of the WCT
for each organ and system. Additionally, we hope to promote
high LOE research in the future by mapping existing evidence,
both generally and for certain tumor types.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00428-024-03886-6.
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