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Dataset for reporting of gastrointestinal stromal tumours: recommendations from the Inter-
national Collaboration on Cancer Reporting (ICCR)

Gastrointestinal stromal tumours (GISTs) are the most
common mesenchymal tumours of the gastrointestinal
tract and are among the most frequent sarcomas.
Accurate diagnosis, classification, and reporting are crit-
ical for prognostication and patient management,
including selection of appropriate targeted therapy. Here
we report on international consensus-based datasets for
the pathology reporting of biopsy and resection speci-
mens of GIST. The datasets were produced under the
auspices of the International Collaboration on Cancer
Reporting (ICCR), a global alliance of major interna-
tional pathology and cancer organizations. An interna-
tional expert panel consisting of pathologists, a surgical
oncologist, and a medical oncologist produced a set of
core and noncore data items for biopsy and resection
specimens based on a critical review and discussion of
current evidence. All professionals involved were

subspecialized soft tissue tumour experts and affiliated
with tertiary referral centres. Commentary was provided
for each data item to explain its clinical relevance and
the rationale for selection as a core or noncore element.
Following international public consultation, the data-
sets, which include synoptic reporting guides, were
finalized and ratified, and published on the ICCR web-
site. These first international datasets for GIST are
intended to promote high-quality, standardised pathol-
ogy reporting. Their widespread adoption will improve
consistency of reporting, facilitate multidisciplinary
communication, and enhance comparability of data, all
of which will ultimately help to improve the manage-
ment of patients with GIST. All the ICCR datasets,
including these on GIST, are freely available world-
wide on the ICCR website (www.iccr-cancer.org/
datasets).
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Introduction

Pathology structured reporting of cancer resection
specimens provides essential information for patient
management, clinical trials, tissue-based research,
and cancer registries. Given the central role of pathol-
ogy data in cancer care at an individual and popula-
tion level, standardised and structured pathology
reporting is critical to ensure that relevant informa-
tion is complete and unambiguous and is delivered in
a user-friendly format.

Gastrointestinal stromal tumours (GISTs) are the
most common mesenchymal tumours of the gastroin-
testinal tract. GISTs range from minute, usually inciden-
tal and clinically insignificant lesions, to aggressive
sarcomas; the latter are among the most common sar-
coma types in adults. Diagnosis is generally straightfor-
ward upon histological review, in conjunction with the
application of immunohistochemistry (IHC) using the
Cajal cell lineage markers KIT (CD117) and DOG1
(ANO1). Assessment of the risk for malignant behaviour
relies upon careful evaluation of clinical and pathologic
features, chiefly including anatomic site, tumour size,
and mitotic rate. The vast majority of GISTs are driven
by activating mutations in KIT and PDGFRA, genes that
encode transmembrane tyrosine kinase receptors;
around 5% of GISTs are instead driven by inactivation
of the succinate dehydrogenase (SDH) complex. Other
molecular genetic drivers are rare. The specific underly-
ing genetic alterations in clinically aggressive tumours
predict response to (and therefore direct selection of)
particular tyrosine kinase inhibitors; such therapies are
administered not only to patients with metastatic dis-
ease but often for patients with “high risk” tumours in
the neoadjuvant setting (to facilitate more limited resec-
tion) or following excision of localised tumours.

Several organizations, such as the College of Ameri-
can Pathologists (CAP) and the Royal College of Pathol-
ogists (RCPath), have independently developed datasets
for pathology reporting of GIST.' The International
Collaboration on Cancer Reporting (ICCR) coordinates
the production of evidence-based international pathol-
ogy reporting datasets with a consistent style and con-
taining all the parameters needed to guide patient
management. The ICCR is a collaboration of multiple
pathology organizations and has alliances with interna-
tional cancer organizations, including the International
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Agency for Research on Cancer (IARC), the Union for
International Cancer Control (UICC), and the American
Joint Committee on Cancer (AJCC).

Here we report on the development of the datasets
for the pathology reporting of GIST, both on biopsy
and resection specimens, and discuss the rationale for
the inclusion of data items.

Methods

The ICCR developed a set of standard operating proce-
dures for the process of dataset development and has
also defined the selection process, roles, and responsi-
bilities of the Chair, expert panel members, the ICCR
Dataset Steering Committee representative(s) on the
panel, ICCR Series Champion, and the Project Man-
ager (http://www.iccr-cancer.org/datasets/dataset-
development). The ICCR Series Champion provided
guidance and support to the Chair of the Dataset
Authoring Committee (DAC) regarding ICCR stan-
dards and ensured harmonization across the bone and
soft-tissue suite of datasets. An international expert
panel consisting of pathologists, a surgical oncologist,
and a medical oncologist was established. Initial draft
documents were produced by the Project Manager and
Chair after assessment of core and noncore data items
within existing international datasets for GIST. These
drafts were circulated to the DAC and individual data-
set items discussed at a series of coordinated videocon-
ferences, following which an agreed version of the
revised datasets was posted for open international con-
sultation on the ICCR website for a period of 2 months.
All comments received were then discussed by the
DAC, and, where there was universal agreement from
DAC members, resultant changes were incorporated
into the datasets. The final datasets were ratified by the
ICCR Dataset Steering Committee prior to publication.
All the ICCR datasets, including these on GIST, are
freely available worldwide on the ICCR website
(www.iccr-cancer.org/datasets).

Results

SCOPE

Two separate ICCR datasets were developed for the
pathology reporting of biopsy and resection specimens
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for GIST. Metastatic GIST specimens were excluded
from these datasets.

CORE ELEMENTS

Core elements are those that are essential for the clin-
ical management, staging, or prognosis of the cancer.
These elements will either have evidentiary support
at Level III-2 or above (based on prognostic factors in
the National Health and Medical Research Council
[NHMRC] levels of evidence®). In some circumstances,
where level III-2 evidence is not available, an element
may be made a core element where there is unani-
mous agreement of the DAC. The summation of all
core elements is considered to be the minimum
reporting standard for a specific cancer.

A summary of the core elements for each of the
GIST datasets is outlined in Table 1 (biopsy speci-
mens) and Table 2 (resection specimens), and each is
described in further detail below.

Relevant syndrome

GISTs may arise in the setting of familial or nonfamil-
ial syndromes. Familial syndromes include Carney—
Stratakis syndrome (germline mutations in SDHX
genes; affected patients develop gastric GISTs and
extra-adrenal paragangliomas), neurofibromatosis
type 1 (germline mutation in NF1; most GISTs in this
setting arise in the small intestine), and familial GIST
syndrome (germline mutation in KIT or PDGFRA).>®
The Carney triad is a nonfamilial syndrome most
often driven by the SDHC promoter hypermethyla-
tion; this syndrome usually affects young women and
is characterised by succinate dehydrogenase (SDH)-
deficient gastric GIST, extra-adrenal paragangliomas,
and pulmonary chondromas.”'® Clinical behaviour,
therapy, and follow-up of GISTs in these syndromes
are different from sporadic GISTs.

Table 1. Core elements for the pathology reporting of gas-
trointestinal stromal tumour — Biopsy specimens

CORE

Relevant syndrome

Operative procedure

Tumour site

Histological tumour type

Mitotic count

Ancillary studies

Table 2. Core and noncore elements for the pathology
reporting of gastrointestinal stromal tumour — Resection
specimens

CORE NONCORE

Relevant syndrome Neoadjuvant therapy

Operative procedure Necrosis

Tumour site Lymphovascular invasion

Tumour focality Response to neoadjuvant

therapy

Maximum tumour dimension Lymph node status

Histological tumour type Coexistent pathology

Mitotic count Pathological staging

Tumour rupture

Risk assessment

Margin status

Ancillary studies

Histologically confirmed
metastases

Operative procedure

Depending on the anatomic location, GIST may be
first sampled by core-needle biopsy, fine-needle aspira-
tion (FNA) biopsy, or, for superficially located
tumours, endoscopic biopsy. It is important that suffi-
cient tumour tissue is obtained from the biopsy for
IHC and molecular genetic analysis. If an FNA biopsy
is obtained, a cell block should be prepared for THC. It
is not uncommon for endoscopic biopsies to obtain
only uninvolved mucosa and/or ulcer bed without
diagnostic tumour tissue; a repeat biopsy (or resec-
tion) may be required for definitive diagnosis.

The type of resection varies based on the anatomic
site of involvement. Gastric primary GISTs may often
be managed by a local or wedge resection with exci-
sion of limited uninvolved stomach; for large
tumours, subtotal or total gastrectomy or oesophago-
gastrectomy may be required, depending on the specific
location. GISTs of the small intestine (nonduodenal) are
typically managed by segmental resection. Duodenal
primary GISTs may require pancreatoduodenectomy
(i.e. Whipple procedure). Depending on the tumour size
and precise location, rectal primary GISTs may be man-
aged by local excision, low anterior resection, or
abdominoperineal resection. Rare primary colonic
GISTs may be managed by right colectomy or segmen-
tal colectomy of other parts of the colon. Oesophageal
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primary GISTs may be managed by local excision (for
small tumours) or oesophagectomy. The dataset should
also document other resected organs. Preoperative ther-
apy may facilitate more limited resection, especially for
oesophageal, duodenal, and rectal tumours.

Tumour site

GISTs most often arise in the stomach and nonduode-
nal small intestine, followed by the rectum and duo-
denum; primary GISTs of the oesophagus and colon
are rare. Other sites may include the appendix and
pancreas; however, these locations are exceptionally
rarely involved. It is often difficult (or impossible) for
the surgeon and the pathologist to distinguish
between the jejunum and ileum, and there is no
known prognostic difference for tumours arising at
these sites; for these reasons, ‘small intestine (non-
duodenal)’ is applied instead of jejunum or ileum.

So-called extragastrointestinal stromal tumours
(EGISTs) are exceptionally rare and may present in
the omentum, mesentery, or retroperitoneum; in
some cases, attachment to the stomach or small
intestine can be documented, whereas in other cases,
no connection can be identified.'!!* Many EGISTs
likely represent gastric or small intestinal GISTs that
arose from the outer layer of the wall and lost attach-
ment to the respective organ.

The primary anatomic site is an important prog-
nostic parameter; for example, gastric primary GISTs
generally have a lower risk of metastasis than small
intestinal GISTs.'*'* For this reason, it is critical to
specify the location as accurately as possible.

Tumour focality

Multifocal tumours are often associated with syndromic
predisposition, such as neurofibromatosis type 1, Carney
triad, and familial GIST syndrome.’ ® However, minute
gastric GISTs (so-called ‘microGISTs’ <1 c¢m) are com-
mon in the general population,'>'® and may therefore
accompany GISTs that present clinically in the absence
of a tumour syndrome. Tumour focality is determined
based on combined macroscopic and microscopic assess-
ment. In the case of multiple synchronous tumours, the
number of tumours should be recorded. A single dataset
should be completed, in which the site and dimensions
of the individual tumours are recorded; staging should
be based on the largest tumour.

In some cases, it may be difficult to distinguish
multifocality from metastatic disease; multifocal
tumours most often arise in the muscularis propria,
whereas metastases usually present on the serosa or
within the mesentery or omentum.

© 2022 John Wiley & Sons Ltd., Histopathology, 82, 376-384.
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Maximum tumour dimension

Tumour size is a critical parameter for assessment of
risk of malignant behaviour. For multifocal tumours,
a range of sizes should be reported.

Histological tumour type

Histological diagnosis is based on the 2020 World Health
Organization (WHO) Classification of Soft Tissue and
Bone Tumours, 5th edition.'” GISTs are most often of
spindle cell type, followed by epithelioid type and mixed
epithelioid and spindle cell type'”; the latter two histolog-
ical types are most common in the stomach. The histo-
logical tumour type may be associated with mutational
status (e.g. most PDGFRA-mutant GISTs are of epithe-
lioid type)'® or particular syndromes (e.g. Carney triad
and Carney-Stratakis syndrome-associated GISTs are
usually of epithelioid or mixed type),'° although this is
not always the case.

Pleomorphic morphology in GIST is rare (<2%)."”
Dedifferentiated GIST, defined as the abrupt transition
from conventional spindle cell or epithelioid GIST to an
anaplastic sarcomatous appearance, usually accompa-
nied by loss of the expression of lineage markers (e.g.
KIT and ANO1/DOG1), is exceptionally rare.*”

Mitotic count

Mitotic count is the most important feature for the
assessment of risk of malignant behaviour.?' The mito-
tic count should be determined in the most mitotically
active area of the tumour. The mitotic count should be
reported per 5 mm?. With older microscopes, 5 mm? is
equivalent to 50 high-power fields (HPF). However,
with most modern microscopes with wider fields,
5 mm” requires 20-25 HPFs using 40x lenses. The
number of fields required to be counted to encompass
5 mm? should be calculated on individual microscopes.

In small biopsy specimens, mitotic count often can-
not be reliably assessed. In such cases, it is appropri-
ate to include a disclaimer statement to that effect,
for example: “accurate assessment of mitotic count
cannot be made based on this limited biopsy sample
and is deferred to surgical resection.” However, if the
mitotic count in a limited biopsy sample is high, that
information is helpful for prognostication.

Effective neoadjuvant tyrosine kinase inhibitor ther-
apy limits the ability to accurately determine mitotic
count; in such cases, it is appropriate to use ‘cannot
be assessed,” with an explanation.

Tumour rupture and risk assessment

The risk of malignant behaviour in GIST is associated
with anatomic site, mitotic rate, and tumour size.
Tumour rupture is associated with a particularly high
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risk of recurrence.”* Risk assessment plays a critical
role for predicting metastatic potential in the manage-
ment and follow-up of patients with GIST.>*> For
example, patients with GISTs who are determined to
be of moderate or high risk are often treated with
adjuvant imatinib mesylate, following resection of
localised primary tumours.

The most widely used risk assessment system was
developed by Miettinen and Lasota (2006) (see
Table 3),”! which has been adopted by the WHO and
many other organizations. Alternative risk assessment
systems include prognostic nomograms and contour
maps, which are quite often used by clinicians.?> 2>

Assessing the risk of malignant behaviour based on
limited biopsy material is inaccurate in a large subset of
cases, most often in gastric tumours, due to underesti-
mates of mitotic activity (see section on Mitotic count).*®

This risk assessment system should not be applied
to SDH-deficient GISTs?>” or GISTs in patients with
neurofibromatosis type 1 or other syndromes
(PDGFRA-mutant syndrome, KIT/PDGFRA germline
mutations, BRAF mutation).

Risk assessment cannot be determined following
neoadjuvant therapy, since the mitotic count cannot
be accurately determined in this context. It is also
inappropriate to apply risk assessment to metastatic
tumours.

Margin status
GISTs rarely recur locally at precisely the primary
surgical site, even following excision with narrow

margins. Surgical margins vary based on primary
anatomic site for GISTs, in large part owing to ana-
tomic constraints and surgical approaches. For exam-
ple, narrow margins (several millimetres) are
adequate for gastric GISTs; wedge resections are often
sufficient for GISTs in the stomach. Since small
intestinal GISTs are managed by segmental resection,
the margins in such cases are typically greater.
Because of anatomic constraints around the duode-
num, a Whipple procedure (with wide surgical mar-
gins) is sometimes required. Resection of primary
rectal GISTs often results in narrow circumferential
(radial) margins; GISTs at this site are associated with
a higher risk of local recurrence in the pelvis.

Ancillary studies

IHC plays a critical role in confirming the diagnosis
of GIST. The tyrosine kinase receptor KIT (CD117)
and the chloride channel ANO1 (DOG1), markers of
interstitial cells of Cajal lineage, are highly sensitive
and specific markers for GIST.?®? KIT expression is
observed in 95% of cases, most often with a cytoplas-
mic staining pattern; a paranuclear dot-like or mem-
branous pattern may also be seen. DOG1 is helpful to
confirm the diagnosis in KIT-negative GISTs and
those with weak or limited staining.*”>" KIT-negative
GISTs (and those with weak or limited staining for
KIT) most often harbour PDGFRA mutations.’?*?
SDH-deficient GISTs show loss of staining for
SDHB, irrespective of which SDHX gene is mutated
(or if there is SDHC promoter hypermethylation; see

Table 3. Risk assessment for primary gastrointestinal stromal tumours

Tumour parameters

Risk of progressive disease® (%)

Mitotic rate Size Gastric Duodenum Jejunum/lleum Rectum
<5 per 5 mm? <2 cm None (0%) None (0%) None (0%) None (0%)
>2 to <56 cm Very low (1.9%) Low (8.3%) Low (4.3%) Low (8.5%)
>5 to0 cm Low (3.6%) (Insufficient data)® Moderate (24%)° (Insufficient data)
>10 cm Moderate (10%) High (34%) High (52%) High (57 %)
>5 per 5 mm? <2 cm None® (Insufficient data) High® High (54%)
>2 to <5 cm Moderate (16%) High (50%) High (73%) High (52%)

>5to <10 cm

High (55%)

(Insufficient data)

High (85%)

(Insufficient data)

>10 cm

High (86%)

High (86%)

High (90%)

High (71%)

Modified version reprinted from Semin Diagn Pathol, 23 (2), Miettinen M and Lasota J, Gastrointestinal stromal tumours: pathology and
prognosis at different sites, Pages 70-83 (2006), with permission from Elsevier.?’
Defined as metastasis or tumour-related death.

bDenotes small number of cases.
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below).>*3> SDHB IHC can therefore be used to con-
firm the diagnosis of SDH-deficient GIST. SDHA loss is
only observed in SDHA-mutant GISTs.>® Despite the
lack of KIT mutations, SDH-deficient GISTs are typi-
cally strongly positive for KIT (and DOG1).

KIT mutations are found in about 75% of GISTs,
most often in exon 11 (66% overall) and exon 9
(6%); mutations in exon 13, exon 17, and other loca-
tions are rare (see Figure 1).>”*® PDGFRA mutations
are identified in 10-15% of GISTs, most often in exon
18 (10-12% overall; the most common is p.D842V),
rarely in exon 12 or exon 14.3%*C Genotype predicts
the response to tyrosine kinase inhibitor therapy; for
example, KIT exon 11-mutant GISTs have the best
response to imatinib mesylate, whereas GISTs with
PDGFRA D842V mutations show primary imatinib
resistance, although such tumours respond to the tyr-
osine kinase inhibitor avapritinib.*'*?

SDH-deficient GISTs account for about 5% of GISTs
overall, including the majority of gastric GISTs that lack
KIT and PDGFRA mutations and most tumours occur-
ring in paediatric patients.*> SDH-deficient GISTs typi-
cally show indolent behaviour, often with late and
slowly progressive metastases, and show limited
response to imatinib. As mentioned previously, conven-
tional risk stratification systems do not apply to SDH-
deficient GISTs.?” SDH-deficient GISTs are often associ-
ated with germline mutations in SDHA, SDHB, SDHC,
or SDHD; these mutations are sometimes associated
with Carney-Stratakis syndrome (the dyad of gastric
GIST and paraganglioma).® SDH-deficient GISTs that
lack SDHX mutations usually show hypermethylation

ICCR Gastrointestinal Stromal Tumour Dataset 381

of the SDHC promoter; this epigenetic dysregulation is
characteristic of the Carney triad (SDH-deficient GIST,
paraganglioma, and pulmonary chondroma).**

Other genetic alterations in GIST are rare; these
include BRAF V600E and EGFR mutations; biallelic
NF1 inactivation; and tyrosine kinase receptor gene
rearrangements.*>*°

Histologically confirmed metastases

GIST most often metastasizes to the peritoneum (ser-
osa or omentum) and liver. Spread to other distant
sites is rare outside of the setting of advanced, long-
standing disease.

NONCORE ELEMENTS

Noncore elements are those that were unanimously
agreed by the DAC to be included in the dataset but
are not supported by level III-2 evidence. These ele-
ments may be clinically important and recommended
as good practice but are not yet validated or regularly
used in patient management. A summary of the non-
core elements for resection specimens is outlined in
Table 2 and each is described below. Note, there are
no noncore elements for biopsy specimens.

Neoadjuvant therapy

In some cases, resection of GIST will be performed fol-
lowing neoadjuvant therapy with tyrosine kinase
inhibitors (e.g. imatinib mesylate). Such approaches
may be used for reducing tumour size to facilitate
resection.

] KIT (75%) ] PDGFRA (10-15%)
Ligand binding domain
|
Dimerization motif ¥ | Exon 9 (6%)
Ui e O e g s i g
FUEEERTIVIVINIVOVERRTIRR SN SRRV ERRIINTRCREARs I On Ry vny
Juxtamembrane domain 3 | Exon 11 (66%) % | Exon 12 (1.5%)
Proximal kinase domain Sxon1s (%)
and ATP binding site
Activation loop

Distal kinase domain

Exon 18 (10-12%)

Figure 1. Distribution of KIT and PDGFRA mutations in gastrointestinal stromal tumours. Permission courtesy of Professor Jason L. Hornick.
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Necrosis

The presence of necrosis is not associated with clini-
cal behaviour in GIST. Neoadjuvant therapy may be
associated with necrosis; however, most often, treated
tumours show decreased cellularity and extensive
hyalinised fibrotic or myxoid stroma.

Lymphovascular invasion

Lymphovascular invasion is most often seen in SDH-
deficient GIST*?; this finding is rare in KIT and
PDGFRA-mutant GISTs.

Response to neoadjuvant therapy

Effective neoadjuvant tyrosine kinase inhibitor therapy
is typically associated with markedly decreased cellular-
ity and the presence of extensive hyalinised fibrotic or
myxoid stroma®’; less often, necrosis is seen. Highly cel-
lular, mitotically active tumour is an indicator of no
response; this may be seen as a clonal event within a
tumour that otherwise shows extensive treatment
effect. Such a finding should be documented.

Lymph node status
Lymph node metastases are rarely observed in GIST,
other than for SDH-deficient tumours; such tumours
frequently spread to regional lymph nodes.?”** Find-
ing lymph node metastases should prompt evaluation
for SDH deficiency.

Coexistent pathology

Coexistent pathology might include inflammatory
conditions of the stomach, such as Helicobacter pylori
gastritis or chronic atrophic (autoimmune) gastritis.

Pathological staging

The primary tumour T category in the TNM classifi-
cation of the UICC*® and the AJCC*® includes the
same size cutoffs as the risk assessment system devel-
oped by Miettinen and Lasota (2006).%

Lymph node metastases are often associated with
SDH-deficient GISTs, but are rarely seen with KIT or
PDGFRA-mutant GISTs.

GISTs most often metastasize to the liver and peri-
toneum. Other distant metastatic sites are rare, other
than in patients with longstanding, advanced disease.

This staging system should not be applied to syn-
dromic GISTs, which are often multifocal at presenta-
tion and usually show indolent behaviour.

Discussion

Here we report on the development and content of
datasets for the pathology reporting of biopsy and

resection specimens of GIST, which represents a con-
sensus of an international, multidisciplinary group of
GIST experts working in tertiary referral centres for
this tumour type. The current evidence, including
the relevant literature and existing guidelines, was
carefully considered for the construction of these
datasets.

The use of standardised reporting templates is not
supported by all pathologists; application of such tem-
plates may be time-consuming and constrain report-
ing in cases of diagnostic uncertainty where nuance
is needed.’® However, it is widely recognised that
structured pathology reporting ensures a more consis-
tent, complete, and detailed diagnosis, thereby pro-
moting better informed treatment decisions and
patient outcomes.”’ > Structured reporting facilitates
data extraction by cancer registries and enables artifi-
cial intelligence-based studies. Utilization of standard-
ised reporting will increase when supported by all
members of a multidisciplinary team and compatible
with laboratory and clinical information systems.

In summary, we here present two international
datasets for standardised reporting of GIST, in order
to improve diagnosis, prognostication, therapy, and
outcome for affected patients.
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