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BACKGROUND. The therapy for gastrointestinal stromal tumor (GIST) has been
revolutionized by imatinib mesylate (IM). It is unknown whether the levels of KIT
expression or the presence of CD34, smooth muscle actin (SMA), desmin, or S-100
protein predicts patient outcome from IM therapy. In the current study, the prog-
nostic effects for KIT and other proteins (CD34, SMA, desmin, S-100) were analyzed
in a series of GISTs in which protein expression was evaluated by immunohisto-
chemical analysis (IHC).

METHODS. The cases of 106 patients with GIST who were uniformly treated with IM
at the study institution between December 15, 2000, and January 13, 2002 were eval-
uated retrospectively. The association between KIT intensity, CD34, desmin, SMA, S-
100 protein, and progression-free survival (PFS) was studied. Kaplan-Meier analysis
and the Cox proportional hazards regression model were used for statistical analysis.
RESULTS. The majority of tumors arose from the stomach (37%), small intestine
(35%), and colorectum (14%). KIT expression as determined by IHC was categorized
as weak (10%), intermediate (32%), or strong (58%). Patient tumors expressed CD34
(75%), SMA (56%), desmin (1%), and S-100 protein (32%). Patients whose GIST had
weak, intermediate, or strong KIT expression were found to have an 18-month PFS
rate of 80%, 84%, and 69%, respectively (P =.30). The presence or absence of CD34,
SMA, desmin, or S-100 protein did not appear to correlate with PES after IM.
CONCLUSIONS. Patients with the appropriate clinical presentation and KIT-positive
GIST tumors appear to benefit from IM independent of the level of KIT or the
expression of CD34, SMA, desmin, or S-100 protein by IHC. Cancer 2006;107:
2237-44. © 2006 American Cancer Society.

KEYWORDS: gastrointestinal stromal tumor, imatinib mesylate, inmunohistochem-
istry, outcome.

astrointestinal stromal tumors (GISTs) are the most common

mesenchymal tumors of the gastrointestinal tract. Approximately
4000 new cases are diagnosed every year in the U.S." The median age at
diagnosis is 58 years.? GISTs account for approximately 2% of all stomach
cancers, 14% of all small intestine tumors, and 0.1% of colon cancers.

Although surgery is often an effective therapy for patients with a
primary GIST, patients with advanced GISTs do not benefit from cyto-
toxic chemotherapy.‘?”4 Imatinib mesylate (IM; Gleevec, Glivec, for-
merly STI571; Novartis Pharmaceuticals, Hanover, NJ), a selective
inhibitor of certain protein tyrosine kinases: the intracellular ABL ki-
nase, the chimeric BCR-ABL fusion oncoprotein of chronic myeloid
leukemia, the transmembrane receptor KIT, and the platelet-derived
growth factor receptors (PDGFR); has been markedly active in the
treatment of patients with advanced GIST. In clinical trials, patients
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with GIST in advanced stages treated with IM have a
high response rate and higher survival rates compared
with historical controls.>™

Immunohistochemical staining for KIT, CD34,
smooth muscle actin (SMA), desmin, and S-100 pro-
tein has been recommended to aid in the diagnosis of
GIST.'® Expression of the KIT receptor tyrosine kinase
(stem cell factor receptor, CD117) is common in GIST
as shown by immunohistochemical analysis.'®™*? Most
GISTs that express the KIT oncoprotein also have an
activating mutation in the kit gene."**” A small subset
of GISTs do not express detectable KIT protein yet
have activating mutations in the kit or PDGFR-«
genes.'® In GIST patients treated with IM, the rele-
vance of KIT expression level to clinical benefit from
IM is to our knowledge unknown.

GISTs demonstrate variants based on the intensity
of immunohistochemical expression of KIT and the
presence or absence of CD34, SMA, desmin, and S-100
protein. The level of expression of the KIT protein may
translate into differences in tumor aggressiveness and
influence the likelihood of a clinical response to IM.
Preliminary observations linked clinical benefit to the
presence of KIT mutations in the tumor.'>?° Moreover,
patients whose tumor encoded exon 11 mutations had
a greater median progression-free survival (PFS) than
patients whose GIST encoded exon 9 mutations or
those with wild-type kit.*!

The purpose of this study was to evaluate the
prevalence and the prognostic implications of KIT
expression intensity by immunohistochemistry in
patients with GIST treated with IM. In addition, we
evaluated the expression of CD34, SMA, desmin, and
S-100 protein and correlated the findings with PFS. In
this study we present the results of a clinicopathologic
analysis in patients with GIST treated at the University
of Texas M. D. Anderson Cancer Center.

MATERIALS AND METHODS

Patients

One hundred six consecutive patients with histologi-
cally confirmed GIST treated with IM at the University
of Texas M. D. Anderson Cancer Center in Houston,
Texas between December 15, 2000 and January 13,
2002 were evaluated (Table 1). Clinical data obtained
included age, gender, dose of IM, primary tumor site
of origin, and date of disease progression. All data were
coded with patient identifiers. The study was approved
by the Institutional Review Board and a waiver of
informed consent was obtained.

Histopathologic Evaluation
Formalin-fixed, paraffin-embedded pathology speci-
mens were retrieved from the files of the Pathology

TABLE 1
Summary of Patient Characteristics

No. (%)* of evaluable patients

Characteristic (n=106)
Gender
Male 53 (50.0)
Female 53 (50.0)
Age,y
Median 55
Range 25-86
Mitoses, no. per 10 HPF
Average 7.8
Range 0-50
Tumor size, cm
Median 11.7
Range 2.7-35
ECOG status
0-2 102 (96.2)
3 4(3.9)
Site of tumor at diagnosis
Stomach 39 (36.8)
Small bowel 37(34.7)
Colorectum 15 (14.1)
Mesentery and omentum 5(4.7)
Esophagus 2(1.8)
Rectovaginal 2(1.8)
Other 8(7.5)
Site of tumor at recurrence
Any recurrent disease 102 (96.2)
Liver 87 (82.1)
Peritoneal 60 (56.6)
Lung 6 (5.6)
Lymph nodes 3(28)
Previous treatment
Surgery 67 (63.2)
Chemotherapy 2(19)
Surgery and chemotherapy 34 (32.0)
None 3(2.8)

HPF indicates high-power fields; ECOG, Eastern Cooperative Oncology Group.
* Because of rounding, not all percentages equal 100.

Department and cut into 5-pm thick serial sections.
The study group included patients whose primary
tumors originated from the gastrointestinal tract, were
typical of GIST by histologic morphology, and
expressed KIT by immunohistochemistry. Tumor was
sampled for histologic evaluation in an average of 14
slides (range, 5-38 slides). Immunohistochemistry and
hematoxylin and eosin (H & E) staining were per-
formed. Microscopic examination as well as protein
expression was scored independently by 2 pathologists
(L.R.C. and A.K.R.) without knowledge of the therapy
regimen or outcome. The area of each microscopic
field was 0.391 mm?. Each specimen was evaluated for
the number of mitoses according to published recom-
mendations.'®*
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FIGURE 1. Photomicrographs illustrating gastrointestinal stromal tumors (GISTs). (A) Hematoxylin and eosin (H & E) staining. (B) Seventy-six percent of the evalu-
ated tumors expressed CD34. (C, D) KIT expression of 2 tumors from different patients were evaluated (Panel C illustrates a GIST with strong KIT immunoreactivity,

whereas the tumor illustrated in Panel D has weak KIT immunoreactivity).

Immunohistochemistry was performed by the avi-
din-biotin-peroxidase complex method, using antibo-
dies against KIT (polyclonal, CD1M; Dako Corporation,
Carpinteria, CA), CD34 (monoclonal, HPCA-1, Myl0;
Becton Dickinson, San Jose, CA), desmin (monoclonal,
D33; Dako Corporation), SMA (monoclonal, IA4, Sigma
Chemical Company, St. Louis, MO), and S-100 protein
(polyclonal, 15EZEZ; Ventana, Tucson, AZ). Tissue sam-
ples were classified according to the level of KIT expres-
sion. In each specimen, 1000 tumor -cells were
examined. The staining intensity of KIT immunoreactive
cells was subjectively evaluated to have the following
degrees of immunoreactivity: weak (+), intermediate
(++), or strong (+++) using the intensity of mast cells
(internal and external controls) as a reference (score
3+4). The immunoreactivity for CD34, desmin, SMA, and
S-100 protein was evaluated as positive or negative.

Appropriate negative and positive controls were
included.

Statistical Analysis

PFS was computed from the time of treatment with IM
to the date of progression of disease, date of death, or
the last follow-up date. Patients who died from causes
other than progression of disease were censored. Sur-
vival was estimated using the Kaplan-Meier product-
limit method.?® The 2-sided log-rank test was used to
test the association between patient variables and sur-
vival. Multivariate analysis was performed using a Cox
proportional hazards regression model to determine
the association between KIT and survival, after adjust-
ing for the role of other factors.** All P-values pre-
sented are 2-sided, and a P-value <.05 was considered
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FIGURE 2. Radiographic effects of imatinib mesylate (IM) therapy in patients with gastrointestinal stromal tumors (GISTs) demonstrating low KIT expression. (A, B)
A patient with a large liver metastasis found to have low KIT expression responded to IM therapy, as evidenced by a decrease in tumor size and density as assessed
by computed tomography (CT). (C, D) A patient with multiple, low KIT-expressing, intraperitoneal GISTs was found to have significant tumor shrinkage and a decrease

in tumor density on CT.

statistically significant. Statistical analyses were per-
formed using S-plus software (version 6; Insightful,
Seattle, WA).

RESULTS

Patient Demographics and Histopathologic Characteristics
The demographics and histopathologic characteristics
of the patients with GIST are summarized in Table 1.
All patients had GIST with the appropriate histologic
appearance by H & E staining (Fig. 1A). There were 53
men and 53 women. The median age was 55 years
(range, 25-86 years). Most of the primary tumors were
in the stomach (n = 39 patients [37%]) and small
bowel (n = 37 patients [35%]). The remainder of the
evaluated cases were located in less common sites
such as the colon or rectum (n = 15 patients [14%]),

mesentery or omentum (n = 5 patients [5%]), esopha-
gus (n = 2 patients [2%]), and the rectovaginal pouch
(n = 2 patients [2%]). Most patients had liver metasta-
ses (n = 87 patients [82%]) or intraperitoneal sarcoma-
tosis (n = 60 patients [57%]), although lung or lymph
node metastases were less common. The median tu-
mor size was 11.7 cm (range, 2.7-35 cm) and the tu-
mor mitotic index ranged from 0 to 50 mitoses per 10
high-power fields (average 7.8 mitoses per 10 high-
power fields). All tumors had the histopathologic fea-
tures of GIST and were found to express KIT by immu-
nohistochemistry (Fig. 2C and 2D). Two patients (2%)
had prior treatment with chemotherapy alone, 67
patients (63%) had prior surgery alone, and 34 patients
(32%) were previously treated with both surgery and
chemotherapy. Three patients (3%) had IM as their
first therapy.
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FIGURE 3. Kaplan-Meier estimates of progression-free survival (PFS) among patients with gastrointestinal stromal tumors (GISTs) who were treated with imatinib
mesylate (IM). (A) The median PFS of all patients with KIT-expressing GIST. (B) There was a trend toward a superior 2-year PFS in patients whose tumors demon-
strated low KIT expression compared with those with strong KIT expression (P =.12). (C and D) In contrast, there was no difference noted with regard to the 2-year
PFS between patients with the presence or absence of (C) CD34 or (D) smooth muscle actin. — indicates absence; + indicates presence.

GIST Immunophenotype

Immunostaining for KIT protein was available for
review in 103 of the 106 cases (97%). For some tumors
there was insufficient cellularity on the recut paraffin
sections for satisfactory immunohistochemical analy-
sis of >1 markers. Ten of the 103 tumor samples (10%)
demonstrated minimal KIT expression by immunohis-
tochemistry and were classified as having weak
expression (Fig. 1D). Thirty-three tumors (32%) had
intermediate KIT expression and 60 tumors (58%) had
strong KIT expression that was comparable to that of
the mast cell internal control (Fig. 1C). Ninety-eight
tumors were technically satisfactory for evaluation of
anti-CD34 and desmin staining; 96 tumors were satis-
factory for evaluation of SMA expression; and staining
with anti-S-100 protein could be evaluated in 92 cases.
The majority of tumors expressed CD34 (76%) (Fig.
1B) and SMA (56%). As expected, few tumors
expressed desmin (1%) or S-100 protein (32%).
Although the clinical significance is not apparent from
published data, a proportion of patients that had KIT-
positive advanced GIST were found to express KIT at
low levels as detected by immunohistochemistry (Fig.
1D).

Radiographic Effects of IM on GISTs with Weak

KIT Intensity

We next sought to determine whether the patients
whose tumors displayed weak KIT expression bene-
fited from IM therapy. Patients with GIST were evalu-
ated and found to have the histopathologic features
typical of GIST, although KIT intensity was weak by
immunohistochemistry (Fig. 1D). These patients had
similar clinicopathologic characteristics as those of
the entire study population.

Impact of Immunophenotype on PFS in Patients

with GIST Treated with IM

The median PFS of all patients with KIT-expressing
GIST in this study was similar to that observed in other
studies (Fig. 3A). At the time of our analysis, the me-
dian follow-up time was 36.9 months. Univariate Cox
regression analysis showed that expression of KIT,
CD34, desmin, SMA, and S-100 protein were not prog-
nostic indicators for disease-free survival (Table 2).
Moreover, KIT intensity was not a prognostic indicator
of PFS (P =.30). Although not significant, the median
PES rate was better among patients with GIST having
weak KIT expression (median PFS not reached) than it
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TABLE 2
Association of Markers with Progression-Free Survival
No. of evaluable Median PFS,
patients (%)* months P
KIT intensity* 30
Weak 10 (10) NR
Intermediate 33(32) 38
Strong 60 (58) 29
CD34 expression 40
No 24 (24) 36
Yes 74 (75) 29
SMA expression 72
No 42 (44) 29
Yes 54 (56) 35
Desmin expression 29
No 97 (99) 35
Yes 1(1) NA
§-100 expression 50
No 63 (68) 29
Yes 29(32) 38

PFS indicates progression-free survival; NR, not recorded; SMA, smooth muscle actin; NA, not avail-
able.

* Because of rounding, not all percentages total 100. Data were not available for some of the patients.

' Pwas derived from the log-rank test.

¥ Cochran-Armitage test for trend.

TABLE 3
Results of Multivariate Cox Regression Analysis of
Progression-Free Survival

No. of evaluable Progression-free survival

patients (%)
Variable (n=106)* HR (95% CI) P
KIT intensity
Weak (reference) 10 (10) 1.00
Intermediate 33(32) 2.84 (0.38-21.45) 31
Strong 60 (58) 433 (0.59-31.84) 15
CD34 expression 39
No (reference) 24 (24) 1
Yes 74 (75) 1.42 (0.64-3.19)
Desmin expression 23
No (reference) 97 (99) 1
Yes 1) NA NA
SMA expression 46
No 42 (44) 1
Yes 54 (56) 0.79 (0.43-1.47)
S-100 expression 32
No 63 (68) 1.00
Yes 29 (32) 0.71 (0.37-1.39)

HR indicates hazards ratio; 95% CI, 95% confidence interval; NA, not available; SMA, smooth muscle actin.
* Data were not available for some of the patients.
T Because of rounding, not all percentages total 100.

was among patients GIST having moderate KIT expres-
sion (38 months), or strong expression (29 months) (P
= .30) (Fig. 3B). The PFS did not differ significantly
between patients with CD34-positive GIST and
patients with CD34-negative GIST (36 months vs. 29
months; P =.40) (Fig. 3C). In addition, expression of
SMA (Fig. 3D) or S-100 protein (data not shown) by tu-
mor cells in GISTs from patients treated with IM was
found to have no significant effect on the PFS. There
were too few patients with desmin-expressing GIST to
correlate with PFS (Table 3).

A Cox proportional hazards model was fitted using
data for all patients to assess the joint associations
between KIT and other markers with PFS. After adjust-
ing for significant variables, we found that there was a
trend such that the 18-month PFS was worse for
patients whose tumors exhibited strong KIT expression
compared with those patients whose tumors had weak
or intermediate KIT expression (P =10). When patients
with metastatic GIST were treated with IM, the PFS
was found to be similar for all patients when evaluated
by CD34, S-100 protein, and SMA expression in our
model (Table 3).

DISCUSSION
GISTs show immunophenotypic variants based on
levels of KIT expression that have unknown clinical

significance.'®?® In the current study, we investigated
whether there is a difference in benefit from IM ther-
apy in GIST patients with different levels of KIT expres-
sion. We evaluated 106 patients with histologically
confirmed GISTs who were treated with IM at the Uni-
versity of Texas M. D. Anderson Cancer Center
between 2000 and 2002. We performed immunohisto-
chemical analyses and evaluated clinical outcomes to
determine whether the presence of KIT, CD34, SMA,
desmin, or S-100 protein predicts the clinical benefit
that patients with GIST obtain when treated with IM.
We also categorized GISTs according to the levels of
KIT expression by immunohistochemistry and corre-
lated the data with PFS. Previous reports show that
60% to 80% of GISTs are immunohistochemically posi-
tive for CD34 and sometimes positive for actin, but
rarely are positive for desmin or S-100 protein.?® The
presence of these proteins may signify biologic differ-
ences in tumor aggressiveness and influence the likeli-
hood of a clinical benefit from IM.

We describe GIST patients whose tumors had low
KIT expression benefiting from IM therapy. Patients
have been treated with different doses and intensities,
and one might hypothesize that these parameters have
a significant impact on patient outcome, although
their relative importance is an area of great interest
and debate.”?”?® Either a decrease in tumor size or a
decrease in tumor density provides an objective



assessment of GIST response to IM therapy.”® We
found that patients with GIST respond to IM therapy
irrespective of expression levels of KIT, as evidenced
by both a decrease in tumor size and in tumor density
(Fig. 2A-D). Although previous reports suggest that
weak KIT staining could be due to technical artifact,
in the current study we found that 10% of GIST
patients demonstrated a weakly positive KIT immuno-
staining pattern (Table 2). Differences in scoring crite-
ria between studies will account for some differences
in positivity thresholds, and the use of different anti-
bodies and antigen retrieval methods will also affect
overall rates of positivity. Nonetheless, we found that
patients with weak KIT expressing GISTs have a similar
PFS with IM therapy compared with patients whose
tumors express KIT with greater intensity. Our larger
study confirms previous reports of patients with GIST
who responded to IM treatment despite the near ab-
sence of KIT expression in 2 different samples of the
tumor.?! These findings confirm that GISTs may have
very low levels of KIT expression.’ Moreover, our
patients with low levels of KIT expression appeared to
demonstrate a trend toward a better median PFS time
from IM therapy as those patients whose tumors
expressed higher levels of KIT by immunohistochem-
istry, and we believe that the analysis did not reach sig-
nificance due to the limited size of the sample.
Additional studies on larger population samples will
therefore be needed to validate this observation.

The intensity of immunostaining in the histo-
pathologic samples was assessed by comparing the in-
tensity of tumor cells (Fig. 1C and 1D), and a biased
interpretation between observers may occur. Similar
to previous reports, the majority of tumors in the cur-
rent study expressed CD34 and SMA, but were nega-
tive for desmin and S-100 protein.>*>?%3! We have
also shown that the presence of CD34, desmin, SMA,
and S-100 protein in GIST from patients treated with
IM had no significant impact on the PFS in patients
treated with IM (Tables 2 and 3).

Many patients with advanced GIST have benefited
from the use of IM. Before the widespread use of 1M,
the prognosis for patients with primary GIST was
assessed by using tumor size and mitotic activity. Im-
portant prognostic information from an analysis of
pathologic features has been proposed.”>?® Although
there were many prognostic features for GIST before
IM, the relevancy of these prognostic features in the
era of IM therapy is not currently known. Importantly,
our data suggest that weak KIT staining is not a nega-
tive prognostic feature in patients with advanced GIST
who are treated with IM. Although our results in the
current study may appear counterintuitive, recent
reports have shown similar findings in patients with
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advanced nonsmall cell lung carcinoma treated with
gefitinib. These published results have shown that the
level of epidermal growth factor receptor (EGFR)
expression is not a significant predictive factor for a
therapeutic benefit from gefitinib. Although only a
small number of patients responded to this agent,
there were no significant differences noted in response
rates or survival by the weak or strong tumoral expres-
sion of EGFR by immunohistochemistry. However, the
investigators noted that the subset of patients with ad-
enocarcinoma whose tumors displayed 2+ or 3+
EGFR intensity were found to have an 80% response
rate, whereas those patients whose adenocarcinoma
had no or 1+ intensity of EGFR were found to have
only a 20% response rate (P =.009).>* Moreover, there
also appears to be a level of HER-2/neu expression that
correlates with response rates when patients with ade-
nocarcinoma of the breast are treated with trastuzu-
mab. Investigators reported a 48% response rate in
patients whose breast tumor expresses 3+ levels of
HER-2/neu compared with response rates of 7% with
2+ HEr-2/neu expression by immunohistochemistry.®
In the context of our study of KIT intensity in GIST, it
is interesting to speculate that the correlation of bene-
fit from a tyrosine kinase inhibitor to levels of target
expression is specific to adenocarcinoma. Thus, in the
case of GIST, even low levels of the mutant receptor
may be sufficient to phosphorylate downstream sig-
naling pathways and drive tumorigenesis, whereas
higher levels of kinase are required in the case of HEr-
2/neu or EGFR.

The results from the current study suggest that
patients whose GISTs exhibit very low levels of KIT
expression by immunohistochemistry benefit from IM
therapy. Moreover, the presence of desmin or S-100
protein does not exclude patients from the diagnosis
of GIST and, although rare in the case of desmin, these
patients appear to benefit from IM therapy. Therfore,
these GIST patients should not be excluded from clini-
cal trials or standard therapy with IM.
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