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Gastrointestinal stromal tumors (GISTs) are the
most common mesenchymal tumors of the gastro-
intestinal tract. GISTs express KIT and have KIT
mutations. Majority of these mutations cluster in
the 5' end of the KIT juxtamembrane domain. Little
is known about the clinicopathological profile of
GIST carrying internal tandem duplications in the 3'
end of KIT juxtamembrane domain (ITDs in the 3'
KIT-JM). In this study, 500 immunohistochemically
KIT-positive GISTs were screened for this type of
mutation, and 18 cases were identified (3.6%). The
majority of the ITDs consisted of 1 to 18 codon
duplications, with Tyr’’%, Asp®’®, and Leu®’® being
the most commonly duplicated codons. There were
14 gastric (78%), 2 small intestinal (11%), and 2 anal
(11%) primary tumors diagnosed in 12 females and
6 males with median age of 71 years. The frequency
of IDTs in gastric GISTs was 6.5% and was only 0.5%
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in intestinal GISTs. There was a strong female pre-
dominance (79%) among the patients with gastric
tumors. Histologically, 16 GISTs were spindle cell,
and 2 had epithelioid morphology. The sizes of pri-
mary tumors varied from 1 to >20 cm. Based on the
combination of tumor size and mitotic activity, six
tumors were classified as benign or probably be-
nign, eight as having uncertain malignant potential,
and only four as malignant. Follow-up data avail-
able in 17 patients confirmed the malignant course
of disease in 3 cases. Only one of the tumors classi-
fied as potentially malignant metastasized, al-
though the follow-up was limited in some cases. In
summary, the great majority of GISTs with ITDs in
the 3' KIT-JM were mitotically inactive tumors oc-
curring predominantly in the stomach and that
seemed to have a favorable course. This suggests
that presence of these IDTs may define a clinico-
pathologically favorable subset of GISTs. The con-
sequence of these mutations to KIT signaling should
be investigated.
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Gastrointestinal stromal tumors (GISTs) are cur-
rently defined as KIT-positive mesenchymal tumors
of the gastrointestinal (GI) tract showing spindle
cell, epithelioid, and occasionally, pleomorphic
morphology (1). KIT-expressing interstitial cells of
Cajal or related stem cells are believed to be GIST
progenitor cells (2, 3). Interstitial cells of Cajal form
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the networks within gut wall and participate in the
generation of pacemaker activity that is necessary
to maintain the peristaltic motor activity of the gut
and regulate the neurotransmission (4-8).

KIT gene is a member of the Type III receptor
tyrosine kinase gene family and encodes a receptor
for a growth factor termed stem cell factor. Activa-
tion of KIT by its ligand stem cell factor is critical for
the proliferation, migration, and survival of several
cell types, including interstitial cell of Cajal (9-12).
KIT is also constitutionally expressed in germ cells,
hematopoietic stem cells, mast cells, melanocytes,
and some epithelial cells (13-15).

KIT mutations have been reported in hematopoi-
etic malignancies including mastocytosis (16),
acute myelogenous leukemia (17), myeloprolifera-
tive disorders (18), sinonasal NK/T-cell lymphomas
(19), and in seminomas (20, 21) and GISTs (22-29).

In GISTs, gain-of-function KIT mutations were
first reported in the 5' end of KIT juxtamembrane
domain (exon 11). These mutations have been
shown to lead into ligand-independent activation
(phosphorylation) of KIT tyrosine kinase and to
have a transforming effect in vitro (22). Subse-
quently, other alternative mutational “hotspots”
in KIT extracellular (exon 9) and kinase (exon 13
and 17) domains have been identified in the
GISTs that are negative for the exon 11 mutation
(27-29).

Mutations in the KIT juxtamembrane domain
(KIT-JM) in GISTs represent a heterogeneous group
of deletions, missense mutations, and internal tan-
dem duplications (ITDs) and cluster in its 5' end
between Lys (550) and Glu (561) (1). However, mu-
tations affecting the 3' end of KIT-JM have been
rarely reported (25, 29-31).

An adverse prognostic significance of KIT muta-
tions in GISTs was shown by several studies (23, 24,
26), and more recently, a type of KIT mutation was
suggested to be an independent prognostic marker
(32). Also a possible association between ITD of Ala
(502)-Tyr (503) in KIT exon 9 and malignant clinical
outcome has been documented in intestinal GISTs
(28).

Little is known about GISTs with ITDs in the 3'
end of KIT-JM. The purpose of this study was to
delineate the frequency, clinicopathologic features,
and natural history of these tumors and to deter-
mine whether ITD in the 3' end of KIT-JM can
define a specific clinicopathologic subset of GISTs.

Apparent success of the KIT tyrosine kinase in-
hibitor Imatinib (Gleevec; Novartis Pharma, Basel,
Switzerland) has been reported in the treatment of
metastatic and inoperable GISTs, and its potential
use as neoadjuvant treatment has been discussed
(33). This also makes it important to delineate the
natural history of GISTs to allow for proper patient
selection for enrollment in this new treatment.
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MATERIALS AND METHODS

Tissue Material

Five-hundred GISTs were obtained from the files
of the Armed Forces Institute of Pathology in Wash-
ington D.C., Haartman Institute of the University of
Helsinki in Finland, Department of Pathomorphol-
ogy of the Jagiellonian University in Krakow in Po-
land, Department of Pathology of Otto-von-
Guericke University in Magdeburg in Germany,
Department of Pathology, University Hospital of
Tromsoe, Norway, and from the Chair of Oncology
of the Medical University of Lodz in Poland. Expres-
sion of KIT (CD 117), CD34, a-smooth muscle actin
(SMA), desmin (DES), and S100 protein was evalu-
ated immunohistochemically as described else-
where (30).

The 500 GISTs included 215 tumors from the
stomach, 198 from the small intestine, 44 from rec-
tum and anus, 32 from colon, and 11 from the
esophagus. Tumor size and mitotic activity were
used to evaluate the likelihood of malignant behav-
ior. Based on previously published criteria (1, 30)
GISTs were classified into 6 groups (Table 1). Tu-
mors assigned to Groups 1 and 2 were considered
to be benign or probably benign, whereas tumors in
Groups 3, 5, and 6 represented GISTs with uncer-
tain or malignant potential.

None of the patients had been treated with
Gleevec at any time during the disease.

Molecular Genetic Studies

DNA was extracted from 50 frozen tumor samples
and from 450 formalin-fixed, paraffin-embedded
tumor tissue blocks. Mutational status of KIT exon
11 was evaluated by PCR amplification and direct
sequencing as previously described (28). In all
GISTs carrying mutations in exon 11, KIT exons 9,
13, and 17 were screened for mutations using pre-
viously described methods based on PCR amplifi-
cation and direct sequencing (28, 34). In addition,
PCR products that were negative for ITDs in direct
sequencing of exon 11 were analyzed using capil-
lary gel electrophoresis (Gene Analyzer 310; Applied
biosystems, Foster City, CA).

TABLE 1. Tumor Size and Mitotic Criteria Used to
Evaluate the Clinical Behavior of GISTs

Group  Size (in cm) Mlstg s}llspger Predicted Clinical Behavior
1 =2 =5 Benign
2 >2 but =5 =5 Probably benign
3 >5 =5 Uncertain malignant potential
4 =2 >5 Malignant
5 >2 but =5 >5 Malignant
6 >5 >5 Malignant




RESULTS only 0.5% in small intestinal and 1.5% in all intes-

tinal GISTs.

Evaluation of KIT Mutation

Eighteen (3.6%) of 500 analyzed GISTs revealed

ITDs in the 3' KIT-JM. In all but one case, ITDs were ~ Pathologic Features

identified after PCR amplification of partially de- Histologically, 16 tumors had a spindle cell pat-
graded DNA extracted from FFPE tissues. KIT ITD  tern. Although there was some morphologic heter-
genomic and predicted amino acid sequences are  ogeneity, the gastric spindle cell GISTs often
shown in Figure 1. Fifteen of these mutations were ~ showed stromal hyalinization, and one tumor had
perfect 1- to 18-codon ITDs. However, in 3 cases calcifications. Of the two tumors with epithelioid
the ITDs resulted in duplications and missense mu-  pattern, one was gastric and another was small
tations of KIT. Tyr’’8, Asp®”®, and Leu®’® were the intestinal; both epithelioid tumors were highly cel-
most commonly duplicated codons. None of GISTs  lular and mitotically active. The histologic spectrum
with this type of ITDs revealed other mutations in  of the tumors is shown in Fig. 2A-H.

KIT exons 9, 11, 13, and 17. The tumor sizes varied from 1 cm to >20 cm,

with the majority of tumors (12 cases) being >5 cm.
In general, the mitotic activity was low, with only 5

Demographic and Clinical Features tumors showing >5 mitosis per 50 high-power
The demographic and clinicopathological data of  fields.
the 18 cases are summarized in Table 2. There were Immunohistochemically all tumors were verified

12 female and 6 male patients. There was female  as KIT positive. Fifteen tumors studied were posi-
predominance, 11 of 14 (79%), among the patients  tive for CD34, but none of them were positive for
with gastric GISTs. The patient age ranged from 48  smooth muscle actin, desmin, or S100 protein.
to 86 years (median 71, mean 67 y).

Fourteen tumors were gastric, two were small
intestinal, and two were anal. The highest fre- Malignancy and Clinical Course of the Disease
quency of ITD mutation was seen in gastric and Based on previously published criteria, including
anorectal GISTs, 6.5% and 4.5%, respectively. It was tumor size and mitotic activity (1, 30), GISTs were
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FIGURE 1. Genomic sequences of mutated KIT alleles PCR amplified from GISTs and predicted amino acid sequences of mutant KIT proteins.
IDTs and missense mutations are marked as clear/gray and black boxes, respectively. Silent mutation in case 12 is indicated by a lowercase
character. Part of the genomic and amino acid sequence of KIT juxtamembrane domain are shown above. Codons are numbered.
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FIGURE 2. Histological features of GISTs with ITDs in the 3' KIT-JM. A, gastric GISTs with low cellularity, hyalinization and focal calcification
(Case 1). B, gastric GIST with focal collagen deposition and vague nuclear palisading (Case 3). C, a more highly cellular gastric GIST with a spindle
cell pattern (Case 4). D, a gastric GIST with epithelioid cytology and high cellularity (Case 11). E, a highly cellular small intestinal GIST with nuclear
palisading (Case 15). F, epithelioid GIST of small intestine (Case 16). G, H, two examples of histologically similar anal GISTs with a spindle cell
pattern (Cases 17 and 18).
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divided into groups according to the predicted like-
lihood of clinical malignancy (Table 2). Six cases
were classified as benign or probably benign, eight
as having an uncertain malignant potential, and
four as malignant.

Clinical follow-up available in five of six cases
assigned to Groups 1 and 2 verified no disease
progression in these patients. One patient with in-
cidentally found small gastric GIST died of gastric
adenocarcinoma, whereas four others showed no
evidence of disease for 51 to 175 months after the
primary surgery.

Only one of eight patients with GISTs assigned to
Group 3 with predicted malignant behavior died of
disease in 59 months. Of the remaining four pa-
tients with GISTs assigned to Group 6 (malignant
tumors), two had hepatic or intraabdominal metas-
tases at the time of the primary surgery.

Clinicopathologic Profiles of GISTs with ITDs
and Other Types of KIT Mutations

Distribution of primary site of 18 GISTs with ITDs
and 20 GISTs with deletions (DEL) or point muta-
tions (PM) in the 3' KIT-JM has been compared as
summarized in Table 3. ITDs in gastric tumors were
more common than DEL or PM in the 3' KIT-]M
(6.5% versus 3.3%).

Tumor size, mitotic activity, and metastatic dis-
ease at the primary surgery are clinicopathologic
parameters that are important in the evaluation of
tumor malignancy. These parameters and
follow-up data of 14 gastric tumors with ITDs in the
3' KIT-JM and 50 randomly selected gastric GISTs
with DEL in KIT-JM were compared. Summary of
the results is shown in Table 4. An average tumor

TABLE 3. Primary Site Distribution of GISTs with ITDs
and GISTs with DELsor PMs in the 3’ KIT-JM

GISTs with ITDs GISTs with DEL or PM

Primary Site  AILGISTS ;0 3 KIT M in the 3’ KIT-JM
Esophagus 11 0 3(27.3%)
Stomach 215 14 (6.5%) 7 (3.3%)
Small intestine 198 2 (0.5%) 8 (4%)
Colon 32 0 0
Rectum and anus 44 2 (4.5%) 2 (4.5%)

All intestinal 274 4 (1.5%) 10 (3.6%)
All tumors 500 18 (3.6%) 20 (4%)

size was similar in both groups; however, an aver-
age mitotic count was almost eight times higher in
gastric GISTs defined by KIT-JM DELs than in those
defined by ITDs. The dissemination at the primary
surgery was seen two times more often in gastric
GISTs with DELs than in those with ITDs. Also,
metastatic disease or disease-related death was re-
ported in 36% of gastric GISTs with DELs compared
with 8% of ITD-positive tumors.

DISCUSSION

KIT mutations clustering in the area between
Lys®*° and Glu®®' in the 5' end of KIT juxtamem-
brane domain (KIT-J]M) have been documented in
the majority of GISTs (1). In-frame deletions, mis-
sense mutations, and ITDs affecting 3'-end of
KIT-JM have also been reported in isolated cases
(25, 29-31). However, little is known about the clin-
icopathological profile of GIST carrying these types
of KIT mutations.

In this study, we screened 500 GISTs for KIT
mutations and identified 18 tumors (3.6%) with
ITDs in the 3' KIT-JM in a series composed of GISTs

TABLE 2. Demographic and Clinicopathological Data of 18 GISTs with ITDs in the 3’ UMP uncertain malignant

potential. KIT Juxtamembrane Domain

Mitosis Predicted Behavior Follow-up
Case# Age Sex Location Size (in cm) (per Histology . Other Cancer
(Group) (in months)
50HPF)
1 78 F Stomach 1x0.5 0 Benign (1) Spindle DURC 24 Gastric ca
2 79 F Stomach 2 0 Benign (1) Spindle NED 121
3 69 M Stomach 3X3X%2.5 0 Benign (2) Spindle NED 60
4 72 F Stomach 3.5X2.5X1.5 0 Benign (2) Spindle NA
5 86 M Stomach 3.8%x2 2 Benign (2) Spindle NED 51 Colon ca
6 58 F Stomach 6 0 UMP (3) Spindle NED 9
7 46 F Stomach 7.5 1 UMP (3) Spindle NED 6
8 73 F Stomach 9X6.5%5.5 1 UMP (3) Spindle NED 48
9 67 F Stomach 9 4 UMP (3) Spindle NED 4
10 57 M Stomach 10X4.5X4 2 UMP (3) Spindle NED 30
11 74 F Stomach 10X7 7 Malignant (6) Epithelioid DUKC 26
12 49 F Stomach 16X11 1 UMP (3) Spindle NED 192
13 80 F Stomach 22X16X%X8 30 Malignant (6) Spindle Liver MET
14 58 F Stomach 26 and 20 0 UMP (3) Spindle NED 14
15 77 M Small bowel 12 34 Malignant (6) Spindle NED 14
16 73 F Small bowel 12X9%8 24 Malignant (6) Epithelioid IA MET
17* 59 M Anus 2.2X1 0 Benign (2) Spindle NED 175
18 48 M Anus 8 5 UMP (3) Spindle DOD 59

* Previously reported (30).

DOD died of disease, DUKC died of unknown causes, DURC died of unrelated causes, IA intraabdominal, MET metastasis, NED no evidence of disease,

UMP uncertain malignant potential.
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Tabela 4. Comparison of Clinicopathological Features of Gastric GISTs with ITDs in the 3’ KIT-JM and Gastric GISTs

with DEL in KIT-JM

. Number Average Avere}ge N umber Metastasis at Average Follow-Up Metastatic Disease
Gastric GISTs of . of Mitosis per 50 . . . .
Size Presentation (in months) or Died of Disease
Tumors HPF
With DEL in KIT-JM 50 9.2cm 23 7 (14%) 46 based on 34 cases 13 of 36 (36%)
With ITDs in 3’ KIT-J]M 14 9.6cm 3 1 (7%) 49 based on 12 cases 1 of 13 (8%)

of different sites. A recent study based on fresh-
frozen tissue reported such ITDs in 3 of 48 (6%) of
the analyzed GISTs (29). However, three Japanese
studies using molecular techniques similar to ours
failed to detect large ITDs in 294 GISTs, including
137 gastric tumors (26, 35, 36). This could be related
to ethnic and other differences between Western
and Japanese populations. Other factors besides
ethnicity that are causative of the apparent differ-
ence in ITD frequency in GISTs include selection
and composition of study populations in relation to
tumor site and technical limitations, which can po-
tentially influence the rate of ITD detection.

Suboptimal PCR amplification of DNA template
obtained from FFPE tissues can artificially decrease
detection of insertion mutation. In a case of ITDs in
KIT, partially or severely degraded DNA template
may cause preferential amplification of the wild-
type KIT at the expense of the longer mutant KIT
and lead to false-negative results, particularly if
PCR products are evaluated only by direct sequenc-
ing. However in this study, we have not noticed any
substantial difference between ITD frequency in
frozen and fixed tumors. Theoretically, some of the
ITDs in the 3' KIT-JM in human GISTs could in-
clude intron 11 and exon 12 sequences, as de-
scribed in canine mast cell tumors (37). The iden-
tification of such mutations would require PCR
amplification of relatively large DNA or cDNA frag-
ments using primers flanking exons 11 and 12.

In this study, we have reported female predomi-
nance among gastric GIST patients with ITDs in the
3' KIT-JM (79%). According to the large clinicopath-
ological studies on GISTs, there is no clear sex pre-
dilection (1). However, the observed female pre-
dominance in our group may be related to the older
age of the patients (median age, 71 y in this study).
In our experience, GIST patients older than 70 years

have 1.5:1 female predominance (Miettinen et al,
unpublished observations).

The current study is based on a large group of
GISTs from different locations, allowing us to de-
termine site-specific frequency of ITDs in the 3'
KIT-JM. This frequency was 6.5% for gastric tumors,
but only 0.5% for small intestinal tumors, suggest-
ing marked gastric predilection. Our site-specific
frequencies cannot be compared with the previ-
ously published data (25, 29, 31), because sites were
not given for tumors with such mutations (Table 5).
All rectal GISTs were negative for such mutations,
except two from the anal sphincter, a rare site for
GIST, represented only by four cases in a previous
study of 132 rectal GISTs (30). Further investigation
is warranted to explore the possibility that anal
GISTs represent a molecular genetic subset of rectal
GISTs.

An nonrandom association between tumor loca-
tion and type of KIT mutation could result from the
site-related differences of interstitial cells of Cajal,
the probable GIST progenitor cells. There are dif-
ferent subclasses of Cajal cells and their distribu-
tion in the GI tract varies (3, 4, 38, 39). Also, the
susceptibility to a specific genetic alterations and
ability to correct could vary between the different
subsets of Cajal cells. Uniform immunophenotype
in the studied tumors, namely KIT+, CD34+,
smooth muscle actin—, also raise the possibility of
special subset of ancestor cells, possibly those Cajal
cells that coexpress KIT and CD34 (38, 39).

The 18 cases with ITDs in the 3' KIT-JM, repre-
sented a morphologically somewhat heterogeneous
group, although in the case of gastric GISTs, a ten-
dency toward low mitotic rate, lower cellularity,
and hyalinization was observed; this could result
from a lesser proliferative capacity of tumors with
these mutations.

TABLE 5. Seven ITDs in the 3’KIT-JM Previously Reported in GISTs

Number of GISTs Duplicated

Reference (Ref. Number) Number of GISTs with ITD in 3’ KIT
KIT-]M Codons
Moskaluk et al. (25) 42 1(2.4%) 575-586
Miettinen et al. (30) 29* 1 (3.5%) 577-580
Rubin et al. (29) 48 3 (6.3%) 576-584
572-588
Wardelmann et al. (31) 36 2 (5.6%) 575-576
584-591

* 28 rectal and one anal GIST.
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Adverse prognostic significance and correlation
with malignancy of KIT mutations was initially sug-
gested, and in some studies, KIT mutations were
found to be a statistically significant adverse prog-
nostic factor (23, 24, 26). Also, in canine gastroin-
testinal mast cell tumors, a significant association
between KIT mutations and higher tumor grade
was reported (40). More recently, different types of
KIT mutations were suggested to have different
prognostic significance. Specifically, a significantly
longer recurrence-free survival was shown for tu-
mors with missense mutations than those with
other types of KIT mutations including ITD in exon
9 and 11, deletions in exon 11 and point mutations
in exons 13 and 17 (32). Although specific ITDs of
Ala(502)-Tyr(503) in extracellular domain were pre-
viously suggested to define a malignant subset of
intestinal GISTs (28), more heterogeneous ITDs in
3" KIT-JM may play the opposite role in gastric
GISTs.

The present study suggests that the ITDs in the 3'
KIT-JM may identify a clinically more favorable
subset of gastric GISTs among those classified as
potentially malignant or malignant by the existing
criteria. Majority of these tumors were large al-
though mitotically inactive, placing them in the
category of uncertain malignant potential. Clinical
follow-up data for this group of GISTs suggests a
less aggressive course of disease, with only 1 (8%) of
13 analyzed cases having liver metastasis, but
follow-up was relatively short in some cases. How-
ever, gastric GISTs with deletions in KIT-JM with
similar clinical follow-up revealed metastatic dis-
ease in 13 (36%) of 36 analyzed cases. More gastric
GISTs with and without ITDs in the 3' KIT-]M
should be evaluated to test the hypothesis that the
presence of this mutation signifies a less aggressive
clinical course. The rarity of these mutations in
intestinal GISTs does not allow for a clinicopatho-
logical correlation.

Although the signaling consequences of ITDs in
the 3' KIT-JM have not been studied in human
GISTs, in vitro studies on canine mastocytoma cell
lines have shown that these ITDs are associated
with high constitutive phosphorylation of KIT pro-
tein (37, 41). Similar type of ITDs affecting the FMS-
related tyrosine kinase 3 (FLT3), another member of
the type III receptor tyrosine kinase gene family,
were found in human acute myelogenous leukemia
(42, 43). Further in vitro studies using KIT con-
structs are necessary to verify their activating na-
ture in human GIST. Also, the impact on the KIT-
signaling pathways by ITDs in the 3' KIT-JM has to
be determined.

In summary, we have shown that ITDs in the 3'
KIT-JM are rare. The majority of GISTs with these
mutations are mitotically inactive tumors, predom-
inantly occurring in the stomach, and seem to have

a favorable course. The presence of this type of
mutation may define a clinicopathological subset of
gastric GISTs.
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