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® Gastrointestinal stromal tumors (GISTs) are the most
common mesenchymal tumors of the gut and are distin-
guished by expression of CD117 (c-Kit). Oncogenic mu-
tations in the KIT or PDGFRA gene are detected in ap-
proximately 85% of sporadic GISTs. In recent years, ex-
amples of familial GIST have been reported in which germ-
line mutations of KIT or PDGFRA result in multiple GISTs,
skin disorders, and other abnormalities. The most common
germline mutations are in KIT exon 11, mutations in exons
8 and 17 have also been described, and there are 2 families
with germline PDGFRA mutations. We present a case in
which a germline KIT exon 13 mutation (K642E) was dis-
covered in a patient with multiple GISTs of rectum, small
intestine, and esophagus, as well as diffuse hyperplasia of
the interstitial cells of Cajal. To our knowledge, this is only
the second germline example of this particular mutation.
The patient’s esophageal tumors were stabilized with im-
atinib.
(Arch Pathol Lab Med. 2007;131:1393-1396)

Gas’rrointestinal stromal tumors (GISTs) are rare tumors
of the gastrointestinal (GI) tract that were previously
classified as leiomyoma, leiomyosarcoma, or leiomyoblasto-
ma. Now recognized as a distinct clinicopathologic entity,
these tumors are distinguished by their common expression
of CD117 (c-Kit) and CD34 antigens. Oncogenic KIT and
PDGFRA mutations have been identified as primary events
in GIST tumorigenesis.! Despite the low general incidence of
these tumors, they have received a great deal of attention
recently because of the effectiveness of tyrosine kinase in-
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hibitors imatinib mesylate and sunitinib in the treatment of
patients with advanced disease.>?

Activating mutations of Kit are common in GISTs. The
frequency of detection varies from 20% to more than 80%
according to the technique used.! The most frequent mu-
tations are seen in the juxtamembrane domain of Kit,
which is coded by exon 11.# Mutations in the extracellular
domain of Kit, exon 9, are seen in 10% to 18%,! and tu-
mors bearing this type of mutation originate almost exclu-
sively from the small intestine.> The rarest mutations are
reported in the kinase 1 domain of Kit, encoded by exon
13 (0.8 to 4.1% of cases)! and in the activating loop of Kit,
encoded by exon 17 (<1% of all described mutations).!

Gastrointestinal stromal tumors usually occur sporadi-
cally and as single tumors, as a result of somatic muta-
tions. However, more than 30 cases of multiple GISTs have
been reported, and they are usually observed in a familial
setting. Here we report a case of multiple GISTs with a
rare mutation in KIT exon 13 (K642E) present in the germ-
line. Details of the patient’s presentation and management
with imatinib are discussed.

CASE PRESENTATION

A 57-year-old white man presented to the oncology clinic in
May 2004. He was referred by the surgeons with a background
history of multiple tumors removed from his GI tract. His first
surgery was 15 years before when he was evaluated for bloating
and diarrhea and was found to have a perirectal tumor. The le-
sion was diagnosed as a low-grade leiomyosarcoma. In 2003, the
patient presented with melena, and an upper GI endoscopy
showed 2 lesions in the stomach, which were removed and were
described as GISTs. In January 2004, he presented with melena
and anemia, and on this occasion 14 lesions were removed from
the fourth part of the duodenum to the ileum.

The lesions from 2003 and 2004 were reviewed by a pathologist
with expertise in sarcomas who confirmed that the tumors were
GISTs with strong expression of CD117 and CD34. In several of
the lesions the adjacent myenteric plexus appeared expanded,
which was interpreted as diffuse hyperplasia of interstitial cells
of Cajal. This is illustrated using CD117 staining in Figure 1, A
and B.

MOLECULAR PATHOLOGY

The patient’s history of diffuse interstitial cells of Cajal
hyperplasia and multiple GISTs suggested the possibility
of a germline mutation in KIT. Therefore, the patient and
his family were referred to the clinical genetics team. Ge-
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Figure 1. A, CD117 immunostaining. Small
intestine: low-power view, showing immu-
nopositivity in the hyperplastic layer of Cajal
cells (indirect immunoperoxidase, original
magnification X20). B, CD117 immunostain-
ing. Small intestine: detail of membranous ex-
pression of Kit in Cajal cells and not in any
other cells (indirect immunoperoxidase, orig-
inal magnification X100).

nomic DNA was prepared from representative paraffin
blocks of the patient’s tumor and from peripheral blood
leukocytes. A combination of polymerase chain reaction
and denaturing high-performance liquid chromatography
was used to screen tumor and blood-derived DNA for mu-
tations in KIT gene exons 9, 11, 13, and 17, as previously
described. The high-performance liquid chromatography
profile for KIT exon 13 indicated a sequence anomaly in
both the tumor and blood-derived DNAs (Figure 2). Bi-
directional DNA sequencing of both samples confirmed
the presence of a heterozygous, single base missense mu-
tation leading to the substitution K642E (Lys—Ala).

Array-based comparative genomic hybridization using
a 1-Mb platform was performed on a sample of the pa-
tient’s tumor obtained at endoscopy in April 2005.” This
analysis indicated loss of chromosomes 14 and 22 (Figure
3, A and B), a feature that is characteristic of GIST but is
not associated with aggressive disease.®

The patient’s father is alive and well, age 80, and his
mother died recently, age 79 (not because of malignancy).
His maternal uncle died of lung cancer and maternal
grandmother had cancer of uncertain etiology (Figure 4).
His father and brother had a number of moles removed.
A KIT gene mutation screening of the proband’s family
members has been completed. His father and 4 siblings
do not have the K642E mutation. His children have chosen
not to be tested. It is likely that our patient acquired a de
novo mutation, but in the absence of genotypic informa-
tion from his mother we are unable to prove this.

CLINICAL FOLLOW-UP

At the time of referral the patient was asymptomatic.
He was followed up with 6 monthly endoscopies and com-
puted tomography (CT) scans of chest, abdomen, and pel-
vis. Prophylactic imatinib was discussed, but it was felt
there was a lack of evidence to support this approach at
that time.

The patient underwent an upper GI endoscopy in Jan-
uary 2005 that showed no evidence of recurrence. How-
ever, a CT scan 1 month later showed a 2.8 X 2.6-cm soft
tissue mass in the wall of the esophagus from the aortic
arch to the subcarinal area and a 3.8 X 1.8-cm mass in the
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distal esophagus, as well as further mucosal thickening in
the region of the pylorus. The appearances were highly
suggestive of recurrent stromal tumors. He remained
asymptomatic from these lesions. Surgery was deemed
not appropriate. Four months later the patient developed
symptoms that were felt to be disease related; namely,
nonproductive cough occurring when he lay on his left
side, suggestive of acid reflux leading to bronchial irrita-
tion. It was felt this may have been related to the mass in
his esophagus demonstrated on earlier CT imaging.

He was commenced on imatinib at 400 mg/day along
with a proton pump inhibitor and a prokinetic agent. This
resulted in an improvement in his symptoms. A repeat
CT scan 3 months later showed stable disease in the
esophageal lesions and some regression of the pyloric
thickening. He tolerated the first 4 months of imatinib very
well but then developed generalized pruritus and a mild
grade I erythematous rash over his forearms. This re-
sponded to antihistamines and a reduction in his imatinib
dose to 300 mg/day. The drug-related rash was associated
with eosinophilia, as previously reported in another pa-
tient with imatinib-related skin toxicity.® He also mani-
fested grade 1 hypertension.

The patient had a 20-year history of vitiligo and was
referred to our dermatology colleagues to assess the pos-
sibility of a relationship with his GISTs, as various skin
conditions have been described in individuals with germ-
line KIT mutations. The dermatologists felt that the vitiligo
was unrelated. Although germline KIT mutations have
been associated with piebaldism, these mutations result in
loss of function rather than oncogenic activation of the ki-
nase.’ In contrast, generalized lentigines and skin hyper-
pigmentation have been described in patients with acti-
vating-type germline mutations in KIT exon 11.1!! An as-
sociation with urticaria pigmentosa has also been de-
scribed.!?

The patient remains on imatinib treatment at 300 mg
and a recent CT scan confirms ongoing stable disease after
19 months.

CONCLUSION

Familial GISTs have been observed in kindreds harbor-
ing germline mutations of either KIT or PDGFRA.*® Af-
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Figure 2. Denaturing high-performance liquid chromatography pro-

files for KIT exon 13 amplicons. Pt indicates patient.

Figure 3. Array comparative genomic hybridization ratio profiles from
the 2 endoscopy specimens from the thickening in the region of the
pylorus (A) and the esophagus mass (B) obtained from the patient. The
latter reveals losses of chromosomes 14q and 22q (marked with ar-
rows), which are reported as early genomic changes in sporadic gas-
trointestinal stromal tumors.

Figure 4. Family tree of our patient. Arrow indicates our patient.

Arch Pathol Lab Med—Vol 131, September 2007

fected individuals may develop multiple GISTs, which are
generally indolent but may behave aggressively. In addi-
tion, patients may have hyperplasia of the interstitial cells
of Cajal, which correlates with dysphagia and GI dys-
motility, and they may suffer urticaria pigmentosa or oth-
er disorders of skin pigmentation.’* Most reported kin-
dreds have germline mutations in KIT exon 11. Families
have also been described with heritable mutations in KIT
exon 8, KIT exon 17, PDGFRA exon 12, or PDGFRA exon
18. To our knowledge, only 1 family with a KIT exon 13
mutation has been reported.’? Two members of this French
family shared the same germline mutation of the kinase 1
domain (K642E) that was found in our patient. As in our
case, the tumors in the affected mother and son predom-
inated in the small bowel, were uniformly low grade, and
were accompanied by interstitial cells of Cajal hyperplasia.
These patients did not have vitiligo or other pigmentation
abnormalities.

Imatinib has proven effective in controlling the pro-
gression of our patient’s esophageal GISTs. This is consis-
tent with the observation that the K642E mutant form of
Kit is inhibited by imatinib in vitro.2 It also fits with ob-
servations from clinical trials of imatinib for the treatment
of advanced, sporadic GISTs, in which a correlation be-
tween tumor genotype and imatinib response has been
observed. The best responses are seen in tumors with KIT
exon 11 mutations, whereas those with an exon 9 mutation
or no detectable KIT or PDGFRA mutation are less likely
to benefit from therapy.>'® Clinical data are more limited
for tumors with exon 13 mutations. Nevertheless, in the
initial phase II trial, both patients with a K642E-positive
tumor achieved a partial response to imatinib therapy.2 In
a follow-up phase III trial, 4 of 6 patients with this mu-
tation had a partial response and the remaining 2 had
stable disease on imatinib.’® Thus, sporadic tumors with
this genotype are responsive to imatinib treatment. In the
case of our patient with a germline mutation, imatinib not
only may serve to control his clinically significant esoph-
ageal tumors but may prevent the development of addi-
tional lesions elsewhere in the GI tract.
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