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GISTs arise from Interstitial Cells of Cajal:
the “pacemaker” cells that coordinate GI peristalsis.
ICCs
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lumen

villi
liferaftgroup.org/2009/06/interstitial-cells-of-cajal-what-are-they-and-why-should-you-care/
Huizinga and Chen, Interstitial cells of Cajal: update on basic and clinical science, Curr. Gastroenterol. Rep. (2014)
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GIST strikes at random*.

No environmental, occupational, dietary, or
lifestyle causes of GIST are known – and if there
were any major risk factors, they would have been
identified by now!
*A few cases of familial (germline) GIST are known, but this is very rare.

What causes GIST?

Most GISTs occur “sporadically”, as a result of a
random mutation in an ICC (or a precursor cell); such
mutations are not inherited and are not passed on to
one’s children.
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GIST and KIT: the 1998 breakthrough that
revolutionized GIST diagnosis and treatment.
• GIST cells almost always express a protein called “KIT”
(very few other cells in the body do so)

• In most GIST cases, the KIT gene is mutated, producing an

aberrant form of KIT protein that “drives” cell division - and
the cancer.

Yukihiko Kitamura, M.D.

Seiichi Hirota, M.D.
Osaka University Medical School
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Lasota, J. and Miettinen, M., KIT and PDGFRA mutations in
gastrointestinal stromal tumors (GISTs), Seminars in Diagnostic
Pathology 23, 91-102, 2006.
 Mutually exclusive KIT and PDGFRA mutations are central events in GIST
pathogenesis.
 Understanding [these mutations] is ... important, because specific
treatment ... (especially imatinib mesylate) has become available.
 KIT mutations in GIST are clustered in four exons. Most common are
exon 11 (juxtamembrane domain) mutations ...
 PDGFRA mutations usually occur in gastric GISTs ... Most common is
exon 18 mutation (D842V).

5

Some basics of molecular biology.

Proteins
Proteins are linear sequences of building blocks:
amino acids, of which there are 20:
A = alanine
C = cysteine
D = aspartic acid
E = glutamic acid
F = phenylalanine
H = histidine
K = lysine
etc.
A protein sequence may be anywhere from about 100
to many thousands of amino acid residues in length.
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Genes encode proteins
Genes (DNA) are the codes (“construction blueprints”)
for the cell’s proteins. The human genome encodes
>30,000 different kinds of proteins.
Different cells make different sets of proteins.
The genome is the “library”; different cells “read
different books”:
Muscle cells make actin and myosin (etc.)
Red blood cells make hemoglobin (etc.)
Neurons make ion channels (etc.)
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Genes encode proteins
Genes (DNA) are the codes (“construction blueprints”)
for the cell’s proteins. The human genome encodes
>30,000 different kinds of proteins.
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Mutations
• A mutation is a change in DNA sequence, and many
mutations result in changes in the amino acid sequence
of the corresponding protein.
• Mutations occur randomly, but cells carrying certain
mutations will die, while others will grow faster.
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KIT and PDGFRA
The KIT and PDGFRA proteins are enzymes – “tyrosine kinases” –
that acts on other proteins, modulating their activities
(triggering a “signal transduction cascade”).
The KIT and PDGFRA genes are “oncogenes”.
An oncogene is a gene which, when mutated, encodes a protein
product that instructs a cell to keep dividing: a “stuck gas pedal”.
In about 90% of GIST cases – but not 100% – either the KIT gene or
the PDGFRA gene (but not both) is mutated; consequently, an
aberrant form of KIT or PDGFRA protein is produced by the GIST
tumour cells, “driving” the cells to proliferate.
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KIT and PDGFRA belong to a large family of
related proteins, known as tyrosine kinases.

KIT
PDGFR
human
tyrosine
kinases

12

KIT (“c-Kit” or “CD117”)
The KIT protein is made (expressed) by only a few types of adult
cells, including the Interstitial Cells of Cajal … and GISTs.

Immunohistochemistry (IHC):

The essential step in diagnosing GIST is to test whether
the tumor cells express KIT protein. The test is performed by
staining a slice of the tissue sample (obtained at surgery) with an
antibody that recognizes KIT protein. A pathologist examines the
stained tissue under the microscope.

If the cells stain brown, they
are almost certainly GIST.
Di Vizio et al., 2008
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Protein structure: exons*
Most proteins consist of multiple distinct “domains”
(sub-structures), each 30-100 amino acids:
BC

ALTA

SASK

MAN

ONT

Each domain corresponds to a separate segment of the
gene coding for that protein; these gene segments are
called exons. The KIT gene has 21 exons.
Genome: Library
Protein: Book
Exon/Domain: Chapter
Amino acid: Letter
*this is an over-simplified discussion of exons and domains
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The KIT protein: 976 amino acid residues
1

61

MRGARGAWDF LCVLLLLLRV QTGSSQPSVS PGEPSPPSIH PGKSDLIVRV GDEIRLLCTD
PGFVKWTFEI LDETNENKQN EWITEKAEAT NTGKYTCTNK HGLSNSIYVF VRDPAKLFLV

121 DRSLYGKEDN DTLVRCPLTD PEVTNYSLKG CQGKPLPKDL RFIPDPKAGI MIKSVKRAYH
181 RLCLHCSVDQ EGKSVLSEKF ILKVRPAFKA VPVVSVSKAS YLLREGEEFT VTCTIKDVSS
241 SVYSTWKREN SQTKLQEKYN SWHHGDFNYE RQATLTISSA RVNDSGVFMC YANNTFGSAN
301 VTTTLEVVDK GFINIFPMIN TTVFVNDGEN VDLIVEYEAF PKPEHQQWIY MNRTFTDKWE
361 DYPKSENESN IRYVSELHLT RLKGTEGGTY TFLVSNSDVN AAIAFNVYVN TKPEILTYDR
421 LVNGMLQCVA AGFPEPTIDW YFCPGTEQRC SASVLPVDVQ TLNSSGPPFG KLVVQSSIDS
481 SAFKHNGTVE CKAYNDVGKT SAYFNFAFKG NNKEQIHPHT LFTPLLIGFV IVAGMMCIIV
541 MILTYKYLQK PMYEVQWKVV EEINGNNYVY IDPTQLPYDH KWEFPRNRLS FGKTLGAGAF
601 GKVVEATAYG LIKSDAAMTV AVKMLKPSAH LTEREALMSE LKVLSYLGNH MNIVNLLGAC
661 TIGGPTLVIT EYCCYGDLLN FLRRKRDSFI CSKQEDHAEA ALYKNLLHSK ESSCSDSTNE
721 YMDMKPGVSY VVPTKADKRR SVRIGSYIER DVTPAIMEDD ELALDLEDLL SFSYQVAKGM
781 AFLASKNCIH RDLAARNILL THGRITKICD FGLARDIKND SNYVVKGNAR LPVKWMAPES
841 IFNCVYTFES DVWSYGIFLW ELFSLGSSPY PGMPVDSKFY KMIKEGFRML SPEHAPAEMY
901 DIMKTCWDAD PLKRPTFKQI VQLIEKQISE STNHIYSNLA NCSPNRQKPV VDHSVRINSV
961 GSTASSSQPL LVHDDV
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The KIT protein: 21 exons
1

61

1
2
MRGARGAWDF LCVLLLLLRV QTGSSQPSVS PGEPSPPSIH PGKSDLIVRV GDEIRLLCTD
3
PGFVKWTFEI LDETNENKQN EWITEKAEAT NTGKYTCTNK HGLSNSIYVF VRDPAKLFLV

121 DRSLYGKEDN DTLVRCPLTD PEVTNYSLKG
4
181 RLCLHCSVDQ EGKSVLSEKF ILKVRPAFKA
5
241 SVYSTWKREN SQTKLQEKYN SWHHGDFNYE
6
301 VTTTLEVVDK GFINIFPMIN TTVFVNDGEN
7
361 DYPKSENESN IRYVSELHLT RLKGTEGGTY
9
421 LVNGMLQCVA AGFPEPTIDW YFCPGTEQRC
481 SAFKHNGTVE CKAYNDVGKT
11
541 MILTYKYLQK PMYEVQWKVV

601 GKVVEATAYG LIKSDAAMTV
14
661 TIGGPTLVIT EYCCYGDLLN
721 YMDMKPGVSY VVPTKADKRR
17
781 AFLASKNCIH RDLAARNILL
841 IFNCVYTFES DVWSYGIFLW
901 DIMKTCWDAD PLKRPTFKQI
961 GSTASSSQPL LVHDDV

CQGKPLPKDL RFIPDPKAGI MIKSVKRAYH
VPVVSVSKAS YLLREGEEFT VTCTIKDVSS

RQATLTISSA RVNDSGVFMC YANNTFGSAN

VDLIVEYEAF PKPEHQQWIY MNRTFTDKWE
8
TFLVSNSDVN AAIAFNVYVN TKPEILTYDR

SASVLPVDVQ TLNSSGPPFG KLVVQSSIDS
10
SAYFNFAFKG NNKEQIHPHT LFTPLLIGFV IVAGMMCIIV
12
EEINGNNYVY IDPTQLPYDH KWEFPRNRLS FGKTLGAGAF
13
AVKMLKPSAH LTEREALMSE LKVLSYLGNH MNIVNLLGAC
15
FLRRKRDSFI CSKQEDHAEA ALYKNLLHSK ESSCSDSTNE
16
SVRIGSYIER DVTPAIMEDD ELALDLEDLL SFSYQVAKGM
18
THGRITKICD FGLARDIKND SNYVVKGNAR LPVKWMAPES
19
20
ELFSLGSSPY PGMPVDSKFY KMIKEGFRML SPEHAPAEMY
21
VQLIEKQISE STNHIYSNLA NCSPNRQKPV VDHSVRINSV
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The GIST-KIT connection (2020 update)
We now realize that “GIST” is an “umbrella” term that
encompasses several sarcomas, differing at the molecular level.
Most GISTs are “KIT-mutant”, but about 25% are not:
they carry (and express) the “wild-type” (normal) form of KIT.
- About 15% have a mutation in PDGFR.
- A few have mutations in another gene, e.g. RAS, BRAF, NF1,
NTRK, or SDH …. and probably a few others, still unknown.
These less-common forms of GIST are distinct from KIT-mutant
GIST, in terms of their biology, response to drugs and prognosis.
Note: All of these forms of GIST are derived from ICCs and they all*
express KIT protein – whether or not the KIT gene is mutated.
*almost all, anyway; there are very rare exceptions.
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Development of our understanding of mutations in GIST
1998 KIT mutations (∼75%; imatinib and other TKIs)
... the remaining 25% were called “wild-type GIST” (??)

2003 PDGFRA mutations (avapritinib, 2020)
2006 Germline NF1 mutations
2007 Germline SDH mutations (not yet druggable)
2008 BRAF V600E mutation (vemurafenib)
2014 SDHC hypermethylation (epigenetic)
2016 NTRK fusions (larotrectinib)
FGFR1 fusions
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Approximate distribution of “driver” mutations in GISTs

BRAF

SDH

quad. neg.

PDGFR D842V
KIT exons 13, 17

KIT exon 11
(~60% of cases)

KIT exon 9
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Identifying the driver mutation in a GIST
For mutation testing, a sample of the tumour itself is needed (not
just a blood sample*). DNA (or RNA) is extracted from the cells and
sequenced.
*This may change, with the development of “ctDNA” (circulating tumour
DNA) technology; however, for the time being, ctDNA is only a research tool
in GIST; see: Mol. Cancer Ther. 20: 2568-2576, 2021.

Mutation testing should be performed on all new GIST cases
(Baveno declaration of the GIST advocacy groups, 2008).
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Immunohistochemistry (IHC) vs. Mutational testing:
different tests, different questions, different answers
Immunohistochemistry
(staining for KIT protein)

Mutational testing
(DNA sequencing of KIT gene)

Tests for:

expression of KIT protein
by the tumour cells

mutations in the KIT gene
in the tumour cell DNA

Tells us:

whether the tumour is a
GIST (often, merely confirming

whether the tumour is a KITmutant GIST (and, if so,
identifies the mutation)*

Requires:

tumour sample
(biopsy or surgery)

tumour sample (e.g., FFPE:

Performed by
pathology lab?

always

sometimes; LRG strongly
recommends that patients push
to have mutat. testing done!

the diagnosis)

Formalin-Fixed Paraffin-Embedded)

*If no mutation is seen in the KIT gene, the pathology lab should go on to look at
other genes, e.g. PDGFR, RAS, BRAF …
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The need for universal mutational testing of GISTs is now undeniable!
In the early years of the imatinib era, a doctor could still argue,
“Imatinib is the only drug I have, as first-line treatment for GIST.
So, why should I ask for mutational testing of a GIST patient? The
result won’t change my treatment plan! If imatinib isn’t working, I
will just tell the patient to stop taking it.”
Once we knew that PDGFRA GISTs do not respond to imatinib, this
argument no longer made any sense. Why would one prescribe an
expensive drug (with sometimes-serious side effects), knowing that
it is not going to work?
Now, with effective drugs such as avapritinib and larotrectinib
available as first-line therapies for sub-classes of GIST, the argument
is untenable. We need universal* mutational testing of GISTs.
*with the possible exception of small, localized “wait-and-see” GISTs
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Smrke et al., Avapritinib in the treatment of PDGFRA exon 18
mutated GIST, Future Oncol. 16:1639-1646, 2020.
“GIST patients with PDGFRA mutations are an important
subgroup that commonly arise in the stomach and are
associated with a more indolent disease course.
Importantly, the most common PDGFRA molecular subtype, the
D842V mutation in exon 18 … is imatinib insensitive [and] poor
responses to imatinib have been seen clinically.
Avapritinib (BLU-285) … has shown >90% response rates in
patients with PDGFRA exon 18 D842V-mutated GIST. … This
drug should be the standard of care for patients with PDGFRA
exon 18 D842V-mutated GIST.”
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Approximate distribution of “driver” mutations in GISTs

BRAF
PDGFR D842V
KIT exons 13, 17

SDH

quad. neg.

avapritinib

KIT exon 11
(~60% of cases)

imatinib

KIT exon 9
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Molecular testing algorithm for GIST (adapted from Brčić et al., 2021)

imatinib or
avapritinib?
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Molecular testing algorithm for GIST (adapted from Brčić et al., 2021)
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NTRK fusions are very rare in GIST, but an effective drug is now available.
Jan. 11, 2021: Larotrectinib was found to induce a high response rate with
long durability and improve survival in patients with TRK-positive sarcomas
(2020 CTOS Meeting).
The objective response rate (ORR) in four patients with GIST was 100%; one
patient achieved a Complete Response and three had Partial Responses.
“Larotrectinib demonstrated a high response rate with long durability and
extended survival benefit in patients with TRK fusion sarcomas, including
STS of various histologies, GIST, and bone sarcoma”, Shivaani Kummar, MD,
co-director of the Translational Oncology Program at Stanford Cancer
Institute, said in a presentation during the meeting.
www.onclive.com/view/larotrectinib-elicits-durable-responses-extends-survival-in-trk-fusion-sarcomas
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Schöffski et al., Overcoming cost implications of mutational analysis in patients
with GISTs: A pragmatic approach, Oncol. Res. Treat. 39: 811-816, 2016.

“Genetic analysis of tissue derived from patients with advanced GISTs is
not uniformly applied on a national and international level, even though
mutational data can provide clinically relevant prognostic and predictive
information, especially in patients qualifying for treatment with
expensive targeted agents.
The cost burden for routine genotyping of important genes in GISTs … is relatively low.
As illustrated by Belgian figures, the exclusive use of a drug such as imatinib in patients
who are likely to benefit from the agent, based on genetic information, can lead to
significant cost savings, which outweigh the costs for testing.
Mutational analysis of GIST should be considered early in all patients at risk for relapse
after curative surgery and in the case of advanced, inoperable, metastatic disease. The
costs for the actual genotyping should not be used as an argument against profiling of
the tumor.
The adjuvant and palliative systemic treatment of GISTs should be personalized based on
the genotype and other known prognostic and predictive factors.”
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“Not only is there a failure to use the most effective treatments available
for GIST patients, but we also now demonstrate an underuse of a valuable
tool of precision medicine … with demonstrated survival benefit.
The survey results allow us to propose the following recommendations for
improving the level of care that we afford our patients with GIST.
In the broadest sense, improving knowledge and dissemination in the
physician GIST community seems to be the proper avenue.
Physicians treating GISTs should ... request stronger guidelines for care,
including firm recommendations that all patients undergoing TKI therapy
should have exon mutational analysis (EMA) performed.
The low use of EMA is likely due to the fact that most mutations are found
in KIT exon 11, not changing the course of action of treatment, but instead
providing an informed treatment decision. However, this does a disservice
to patients with mutations requiring changes in treatment approach upfront, rather than waiting for a scenario such as disease progression.”
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Florindez and Trent, Low frequency of mutation testing in the united states:
an analysis of 3866 GIST patients, Am. J. Clin. Oncol. 43: 270-278, 2020.
“Adult patients with GIST were extracted from the Surveillance Epidemiology
and End Results database from 2010 to 2015 with follow-up through 2016.
Metastatic disease was found in 656 patients (17%), whereas localized disease
was present in 3210 patients (83%).
KIT mutation testing was performed in 1033 patients (26.7%) with equal
distribution in localized and metastatic disease (27% and 26.6%, respectively).
KIT testing was associated with better Overall Survival.

The minority of GIST patients have their tumor tested for any KIT
mutation. Yet, KIT testing and therapy with tyrosine kinase inhibitors were
associated with better survival in GIST patients with metastatic disease.”
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Feng et al., Novel approaches in cancer study, 2019.
It is unquestionable that mutational status offers both prognostic as well as predictive
value to guide clinical management of GISTs … One would therefore assume that
mutational analysis would be routine and adopted routinely … in the clinical management
of GIST, but in practice the assessment of mutational analysis is not adopted routinely.
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LRGC Advocacy:
LRGC convened an online workshop meeting, Dec. 4,
2020, to develop a Canadian Action Plan for Mutational
Testing in GIST. Participants included patients and
caregivers, medical oncologists treating GIST in Canada,
and pathologists.
Many thanks to our convenor and consultant, Louise Binder.

The goal of the workshop was to survey the status of GIST
mutational testing in Canada and to consider the prospects
for implementation of a national standard of care aimed at
ensuring mutational analysis is provided to all Canadian
patients for whom it is indicated.
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British Columbia
Funding for mutational testing for GISTs is available in B.C.
Nevertheless, some barriers to mutational testing persist. Faster testing
turn-around times and increased physician awareness are needed.

Manitoba
The availability of PET scanning reduces dependence on mutational
testing as part of the GIST workflow. Metastatic GIST patients are treated
with imatinib and a PET scan is done after 4 weeks to ascertain drug
effectiveness. Mutational testing is done if the PET scan shows that
metabolic activity persists (lack of effectiveness of imatinib). However, no
dedicated funding is available for mutational testing.
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Ontario
Funding is available for molecular testing of sarcomas, including GIST,
through a specialty group at Ontario Health. Molecular testing is done at
the discretion of the clinician and GIST mutational testing practice varies
among the treatment centres. At a high-throughput sarcoma centre,
mutational testing of metastatic cases is available at time of diagnosis.
However, for referred patients, it is unclear whether referring physicians
are knowledgeable about what tests to order.
Quebec
Mutational testing is available for any patient diagnosed with GIST, but
it is not requested automatically following a GIST diagnosis. It is not
common practice among physicians practicing in community hospitals to
request mutational testing of GISTs.
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Next steps, and how you can help us.

David Josephy
Life Raft Group Canada
david.josephy@liferaftgroup.ca

