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Abstract

AIM: To investigate the incidence of CD117-positive
immunohistochemical staining in previously diagnosed Gl
tract stromal tumors (GIST) and to analyze the tumors”
clinical manifestations and prognostic factors.

METHODS: We retrospectively reviewed 91 cases with a
previous diagnosis of Gl stromal tumor, leiomyoma, or
leiomyosarcoma. Tissue samples were assessed with
CD117, CD34, SMA and S100 immunohistochemical
staining. Clinical and pathological characteristics were
analyzed for prognostic factors.

RESULTS: CD117 was positive in 81 (89 %) of 91 tissue
samples. There were 59 cases (72.8 %) positive for CD34,
13 (16 %) positive for SMA, and 12 (14.8 %) positive for
S$100. There was no gender difference in patients with
CD117-positive GIST. Their mean age was 65 years. There
were 44 (54 %) tumors located in the stomach and 29 (36 %)
in the small intestine. The most frequent presenting
symptoms were abdominal pain and Gl bleeding. The mean
tumor size was 7.515.7 cm. There were 35 cases (43.2 %)
with tumors >5 cm. The tumor size correlated significantly
with tumor mitotic count and resectability. Tumor size, mitotic
count, and resectability correlated significantly with tumor
recurrence and survival. There was recurrent disease in
39 % of our patients, and their mean survival after recurrence
was 16.6 months. Most recurrences were at the primary
site or metastatic to the liver. Twenty-six percent of our
patients died of their disease.

CONCL USION: Traditional histologic criteria are not specific
enough to diagnose GIST. This diagnosis must be confirmed
with CD117 immunohistochemical staining. Prognosis is
dependent on tumor size, mitotic count, and resectability.
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INTRODUCTION

Leiomyoma of the gastrointestinal (Gl) tract has a typical
pathologic picture with parallel spindle cells arranged in a
fascicular patterni*?. However, a number of tumors have
atypical findings, with epithelioid cells or pleomorphic cells
instead of spindle cells or even characteristics of neurons that
stain for neuron-specific enolase. Therefore, pathol ogists used
the umbrella term “ stromal tumor” to refer to such atypical
mesenchymal tumors. It has been thought that these tumors
might originate from mesenchymal or stromal cellswithin the
muscle layer of the Gl tract’®. Molecular biochemical studies
have revealed expression of kit protein (CD117) in the
primitive mesenchymal cells. CD117 can be demonstrated by
immunohistochemical staining using anti-kit antibodieg®. It
has been found that most mesenchymal or stromal cell tumors
of the GI tract are positive for CD117!". Leiomyoma or
lelomyosarcomaof the Gl tract with typica pathologic features
also stain positive for CD117. There is therefore now a
consensus that these tumors originate from a common cell and
that theterm gastrointestinal stromal tumors (GIST) bereserved
for CD117-positive neoplasmg®.

These tumors arise from primitive cells with dual
characterigtics of muscle and neural cells, smilar to interstitial
cell of Cgjal®. Cytogenetic analysis shows that most of these
tumors have amutation of the c-kit gene. Oncogenic mutations
enable the kit protein, a transmembrane tyrosine kinase
receptor, to phosphorylate various substrate proteins, leading
to activation of signal transduction cascades which regulate
cell proliferation, apoptosis, chemotaxis, and adhesion!®.
Additional chromosomal derangements in 22q or 24q may
promote GIST development*®Y, C-kit gene mutation and kit
protein over-expression appear to be essential for the
pathogenesis of GIST. Imatinib is atyrosine kinase inhibitor
that has resulted in remarkable myxoid degeneration and
fibrosisof GIST in clinica trial§*2. Since specifically targeted
therapy isthus becoming available, it isimportant to know if
tumors with histology consistent with GIST in fact express
the kit proteinl*¥. We retrospectively reviewed cases in our
hospital in the past 13 yearswith atissue diagnosis of lelomyoma,
leiomyosarcoma, or GIST to assess their immunohistochemical
staining patterns, clinical manifestations, and prognostic factors.

MATERIALS AND METHODS

Patients

Using our hospital database, we collected records with a
pathologic diagnosis of leilomyoma or |eiomyosarcoma or
stromal cell tumor of the Gl tract from 1988 until 2001. There
were 91 such cases. All the patients had undergone surgical
resection of their tumor. Werecorded the patients age, gender,
clinical manifestations, tumor site, maximal tumor diameter,
duration of surgery, resectability of the tumor, the presence
and date of local recurrence or distance metastasis, and the
outcome, including date of death. The data of patients who
were ill aive in January 2002 were censored.

Immunohistochemistry
The tumor samples from all the 91 cases were examined for
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various markers by using immunohistochemistry with
commercially available antibodies against CD117 (1:50
dilution), S-100 protein (1:1 500), desmin (1:50), and SMA
(1:100) (Dako, Carpinteria, CA). Immunoreaction was detected
according to the manufacturer’ sinstructions (VentanaMedical
Systems, Tucson, AZ). Therisk of aggressive behavior of the
tumors was calculated according to the NIH consensus
statement of 200113, Briefly, atumor size <2 cm and mitotic
count <5/50 high power fields (HPF) was graded as very low
risk, atumor between 2 and 5 cm and a mitotic count <5/50
HPF as low risk, atumor <5 cm and mitotic count between
5/50 HPF and 10/50 HPF or atumor between 5 and 10 cm and
amitotic count less than 5/50 HPF asintermediate risk, and a
tumor >10 cm or mitotic count >10/50 HPF or atumor >5cm
and mitotic count >5/50 HPF as high risk.

Statistic analysis

Statistic analysis was performed with SPSS software (SPSS
for Window 9.0). Student’ st test was used to compare
continuous variables. And a c? test was used for dichotomous
variables. Survival was calculated from the day of diagnosis
until death or the last day of apatient’ svisit to the outpatient
clinic. The disease-free survival was calculated from the first
diagnosis until tumor recurrence or distant metastases were
found. Kaplan Meier analysis with alog rank test was used to
compare survival and disease-free survival. The Cox proportional
hazard method was used to evaluate prognostic factors.

RESULTS

Of the 91 tissue samples tested, 81 (89 %) were positive for
CD117 staining. There were no significant differencesin the
distribution of previous pathologic diagnoses between CD117-
positive and —negative samples. The highest incidence of
CD117 positivity was in samples previously diagnosed as
malignant GIST (Table 1). Of the 10 caseshegativefor CD117,
6 tumors were located in the stomach, 2 in the small bowel,
and 1 each in the colon and retroperitoneum. Three of these
tumorswere positive for CD34, 3for SMA, and 3 S100 (Table
2). These 10 cases were excluded from further analysis.

Table 1 Immunohistochemical staining for CD117 in tumors
with a previous pathologic diagnosis of leiomyoma, leiomyo-
sarcoma or GIST

Previous pathologic diagnosis CD117-positive (n) CD117-negative (n)

Leiomyoma 6 (86 %) 1 (14 %)
Leiomyosarcoma 14 (78 %) 4 (22 %)
Benign GIST 10 (77 %) 3(23 %)
Malignant GIST 51 (96 %) 2 (4 %)

Total 81 (89 %) 10 (11 %)

Table 2 Previous pathologic diagnoses, tumor site, and other
immunohistochemical markers in CD117-negative patients

Previous pathologic n Site CD34 SMA S100

diagnosis

Leiomyoma 1 Stomach + - -

Leiomyosarcoma 1 Stomach - - -
1 Small bowel - - +
1 Colon - - -
1 Other - +

Benign GIST 2 Stomach - - +
1 Stomach + +

Malignant GIST 1 Stomach + - -
1 Small bowvel + -

Of the 81 patients with CD117-positive tumors, there were
42 males and 39 females. Their ages ranged from 21 to 91
years (mean 65.2+13.6 years), with over half (44/81, 54 %)
between 60 and 79 years of age (Table 3). Additional
immunohistochemical staining showed that the tissue samples
were positive for CD34 in 59 cases (73 %), for SMA in 13
(16 %), and for S100 in 12 cases (15 %).

Table 3 Age distribution of patients with CD117-positive GIST

Age range No. of cases (n) Percentage (%)
<30

30-39

40-49 7 9

50-59 15 19

60-69 19 24

70-79 26 32

80-89 10 12

>90 1 1

Total 81 100

The tumorswere located in the ssomach in 44 cases (54 %),
the small intestine in 29 (36 %), the colon in 5 (6 %), and the
retroperitoneum or mesentery in 3 (4 %). The most frequent
presenting symptoms were Gl tract bleeding and abdominal
painin 27 cases (33 %) each, abdominal fullnessand discomfort
in 14 (17 %). Four patients had anemia on presentation, 7 had
a palpable abdominal mass, and 1 presented with vaginal
bleeding dueto arectal GIST involving the uterus. One patient
was asymptomatic and was incidentally found to have a3.5 cm
GIST in her stomach on routine physical examination.

On pathology of the resected tumors, the mean size was
7.55.7 cm, 10 (12 %) were <2 cm, 25 (31 %) between 2 and
5 cm, 27 (33 %) between 5 and 10 cm, and 19 (24 %) >10 cm.
Mitotic counts were <5/50 HPF in 38 cases (47 %), between
5 and 10/50 HPF in 21 (26 %), and >10/50 HPF in 22 (27 %).
There was a significant correlation between tumor size and
mitotic count (Pearson correlation coefficient = 0.541, P<0.001,
Table 4). There was ulceration of the tumor in 47 % (38/81),
hemorrhage in 53 % (43), tumor necrosisin 54 % (44), and
tumor perforationin 25 % (20). Sixty-two (77 %) of the tumors
were completely resected. There was a significant correlation
between tumor size and resectability (Pearson correlation
coefficient = 0.505, P<0.001, Table 5).

Table 4 Correlation between tumor size and mitotic count in
CD117-positive GIST

Mitotic counts/50 HPF?

Tumor size

<5 5-10 >10
<2cm 10 (100 %) 0 0
2to5cm 14 (56 %) 8 (32 %) 3 (12 %)
5to10cm 12 (44 %) 8 (30 %) 7 (26 %)
>10cm 2 (11 %) 5 (26 %) 12 (63 %)

Pearson correlation = 0.541, P<0.001, *HPF=High power fields.

Table 5 Correlation between tumor size and resectability in
CD117-positive GIST

Tumor sizes Complete resection Incomplete resection
<2cm 10 (100 %) 0

2to5cm 25 (100 %) 0

5to10cm 18 (69 %) 8 (30.8 %)
>10 cm 9 (47 %) 10 (52.6 %)

Pearson correlation = 0.505, P<0.001.
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There were 31 patients (39 %) with local recurrence or
distant metastasis, which was Statistically associated with tumor
size (P<0.001, Figure1). The 31 included 3 of 25 (12 %) whose
primary tumor had been between 2 and 5 cm, 13 of 27 (48 %)
whose tumor had been between 5 and 10 cm, and 15 of 19 (79 %)
whose tumor had been greater than 10 cm. Recurrence was
also significantly associated with mitotic count, occurring in
5 of 38 (13 %) with counts <5/50HPF, 10 of 21 (48 %) with
counts between 5 and 10/50HPF, 16 of 22 (73 %) with counts
>10/50HPF (P<0.001, Figure 2).
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Figure 1 Cumulative disease-free survival for patients with
CD117-positive GIST based on tumor size.
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Figure 2 Cumulative disease-free survival for patients with
CD117-positive GIST based on mitotic count.
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Figure 3 Cumulative survival for patients with CD117-posi-
tive GIST based on tumor size.

Twenty-one patients (26 %) died during follow up. The
mean survival time after recurrence was 16.6+14.5 months.
Tumor size, mitotic count, and resectability were significantly
associated with survival (Figures 3,4,5). The 5-year survival
was 78 % (mean survival 85.5+8.13 months) for patients with
tumors between 2 and 5 cm, 57 % (mean survival 53.8+6.09
months) for those with tumors between 5 and 10 cm, and 27 %
(mean surviva 30.0+6.41 months) for those with tumorslarger

than 10 cm (Figure 3, log rank test, P<0.001). The 5-year
survival was 76 % (mean survival 80.7+6.77 months) for
patients with mitotic counts <5/50HPF, 73 % (mean survival
80.9£10.5 months) for those with counts between 5 and
10/50HPF, and 31 % (mean survival time 44.249.53 months)
for those with counts >10/50HPF (Figure 4, P<0.02). Patients
whose tumors were completely resected had a 5-year survival
of 73 % (mean survival 82.0+5.78 months) while those without
complete resection had a 5-year survival of 26 % (mean
survival 27.0£5.23 months) (Figure 5, P<0.05).

The survival was aso significantly correlated with the score
for risk of aggressive behaviors (Figure 6, P<0.0001).

1.0
0.9
ju.ﬁ_h

0.8 Mitoses <5/50 HPF

5 0
! Mitoses <5-10/50 HPF
I_|

|

L

0.7 7
0.6

Cum survival %

0.5 —

0.4 -

0.3 T T L 1
0 20 40 60 80 100 120
Survival time (Months)

Figure 4 Cumulative survival for patients with CD117-posi-
tive GIST based on mitotic count.
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Figure 5 Cumulative survival for patients with CD117-posi-
tive GIST based on resectability.
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Figure 6 Cumulative disease-free survival for patients with
CD117-positive GIST based on risk of aggressive behaviors.

DISCUSSION

Before the development of imatinib, surgical resection was
the only treatment for tumors classified pathologically as
GIST3], Tumor size was an independent prognostic factor,
with tumors >10 cm having a disease-specific 5-year survival
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of only 20 % after resection'*®. The tumors are often soft and
fragile and prone to rupture or intraperitoneal dissemination
during resection. The primary goal of surgery is complete
resection of the disease, because rupture at surgery is another
poor prognostic factor™. A number of other pathologic features
have also been correlated with survival, including mitotic
index, aneuploidy, cellular morphometry, proliferative index,
and percent S-phase fraction*®l, Most patients with malignant
stromal tumor or leiomyosarcoma have had either local
recurrence or metastasisto theliver™l. Locally recurrent tumors
were usually not amenable to complete resection because of
peritoneal implantation*¥, nor has chemotherapy been very
effectivel®, Solitary liver metastasis could be surgically
resected®, but multiple liver metastases are difficult to
manage. Transcatheter arterial embolization has been used,
but the partial response rate was low.

Our study confirms the contention that pathology aloneis
inadequate to confirm GIST by the current diagnostic criterion
of CD117 immunohistochemical staining. Of the 91 tissue
samplesin our series, only 81 (89 %) were CD117-positive.
Of the 10 negative samples, 2 were positive for SMA but
negative for CD34 and S100 and therefore may be
leiomyosarcomas. Another 3 were positive for S100 but
negative for CD34 and SMA and therefore may be
schwannomas. One case was positive and 2 were negative for
al the 3 markers(that is, CD34, SMA and S100). Thediagnosis
in these cases is still unclear. A search for a gene mutation
other than in the C-kit gene, for example PDGFR, might be
helpful to clarify the diagnosis.

Among the 81cases positive for CD117, 73 % were also
positive for CD34, 16 % for SMA, and 15 % for S100. These
data are similar to that of previous reports.

Esophagogastroduodenoscopy is usually performed in
Taiwan for any patient complaining of abdominal discomfort.
Asaresult, we can, on occasion, find small submucosal tumors
in the stomach. Most of our caseswith atumor lessthan 5 cm
were |ocated in the stomach. This accounted for 43 % of our
patients with tumors less than 5 cm in size, all of whom had
completely resectablelesions. None of our patientswith tumors
less than 4 cm in size died (data not shown). Our findings
confired that complete resection of the tumor is one of the
most important factors related to survivall®®. In our analysis,
tumor size was significantly correlated with mitotic count and
resectability, with larger tumors usually having higher mitotic
counts and being more likely to be unresectable. Most of our
patients with small intestinal GIST had lesionslarger than 5 cm
and a poorer outcome than those with gastric tumors. At the
present timeit is probably unwise to characterize any GIST
benign™, This diagnosis mandates treatment.

Tumor grade was correlated, as expected, with mortality.
No patients with very low grade tumors died, but the mortality
increased astumor grade increased, 14 % for low grade tumor,
30 % for moderate grade, and 35 % for high grade. Thirty-
nine percent of our patients had recurrence, with a mean
survival of 16.6 months after recurrence. Twenty-six percent
of our patients died of their diseases.

We have done aclinical trial using imatinib 800 mg daily
for 3 monthsin 11 patients with recurrent GIST. There was
partial response in 3 cases and stable disease in 6 cases
(unpublished data).

In conclusion, two recent developments are important
with regard to GIST. The first is the ability to diagnose the
tumor based on immunohistochemical staining. Our study
confirmsthat traditional histologic criteriaalone are not specific
enough. The second is the development of imatinib, which
specifically targets CD117, providing us a new tool to combat

GIST. Early diagnosisand complete resection remain theidedl,
as surgical removal provides the best prognosis. However,
specific molecular diagnosis and treatment are expanding our
ability to manage this disease.
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