
Abstract. Colorectal mesenchymal tumors are rare. Therefore,
distinguishing between gastrointestinal stromal (GIST) and
smooth muscle tumors is important. This study aimed to
delineate the immunophenotype and prognostic factors of
75 colorectal mesenchymal tumors. Fifty-three GIST and
22 smooth muscle tumor specimens were included from
1986 to 2007. Forty of 53 GIST were initially diagnosed as
smooth muscle tumors and re-diagnosed as CD117 (+)
GIST. Immunohistochemical studies were performed with
antibodies of CD117, CD34, smooth muscle actin (SMA),
desmin, S-100, Ki-67 and PCNA for clinicopathologic and
prognostic correlation. In comparison, colorectal GIST
exhibited a larger tumor size (P<0.001), higher mitotic count
(P<0.001), higher cellularity (P<0.001), less spindle cell type
(P=0.004), higher nuclear pleomorphism (P=0.004), and a
higher NIH risk (P<0.001) than that of smooth muscle tumors.
Positive immunoreactivities of GIST to a panel of antibodies
were 88.6% to CD34, 28.3% to SMA, 1.8% to S-100 and
15.1% to desmin. For 75 mesenchymal tumors, survival
analyses revealed that older patients (P=0.006), with a large
tumor size (P<0.001), high mitotic count (P<0.001), increased
NIH risk (P<0.001), non-spindle cell type (P<0.001), high
cellularity (P=0.015), high cell pleomorphism (P<0.001),
positive Ki-67 (P<0.001), high PCNA (P<0.001) and GIST
(P=0.001) had a shorter disease-free survival than that of
comparative groups. When the analyses concentrated on 53

GIST, the cell type and cellularity were no longer viable
prognostic factors. The tumor mitotic count was the only
independent prognostic factor for either mesenchymal tumors
or GIST. In conclusion, GIST exhibited heterogeneous
characteristics and was significantly larger, more mitotic and
a poorer prognostic factor than smooth muscle tumor. The
mitotic count is still the most valuable prognostic factor for
colorectal mesenchymal tumors after KIT.

Introduction

In the past, spindle cell tumors of the gastrointestinal tract
were usually classified as smooth muscle tumors (leiomyomas
or leiomyosarcomas). Over the past two decades, advances in
pathology and molecular genetics have provided further
evidence regarding the interstitial cells of Cajal as the
progenitor cells for gastrointestinal stromal tumors (GIST)
(1). Most of these stromal tumors have characteristic gain-of-
function mutations in the KIT proto-oncogene that results in
overexpression of the KIT protein (CD117) (1), a trans-
membrane receptor tyrosine kinase (TK). The mutation also
results in constitutive activation of the KIT protein in the
absence of its ligand, which leads to tumor proliferation or
inhibition of apoptosis (2). Using c-kit receptor tyrosine kinase
antibodies of KIT with a panel of other antibodies may
distinguish GIST from smooth muscle tumors, neural tumors
and other spindle cell neoplasms (3,4). Thereafter, the gastric
and intestinal smooth muscle tumors in the older data would
largely be classified as GIST by immunohistochemical
methods (3,5). The distinction between GIST and pure smooth
muscle tumors is important as the latter may portend a better
prognosis (6,7). Studies have also shown that GIST from
different anatomical sites has different clinical, histologic,
immunohistochemical, and genetic characteristics (8-10).
Mesenchymal tumors exclusive to the colon and rectum are
rare (11-13). In the case of colorectal mesenchymal tumors,
the uncertainty is increased by the relative rarity of these
tumors compared with that of the stomach and small bowel.
Most published studies have had very few patients with
primary colorectal regions or have combined them with
tumors from other sites (11,14,15). We have previously
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reviewed the immunohistochemical studies of initially
diagnosed gastric and small intestinal smooth muscle tumors
and found they were mostly GIST (16,17). However, studies
focusing on colorectal tumors are rare and, any extensive
comparison between colorectal GIST and smooth muscle
tumor was absent. In this study, we delineate the immuno-
phenotype and prognostic factors of colorectal mesenchymal
tumors with 22 smooth muscle tumors and 53 GIST in a
period of 20 years.

Patients and methods

Collection of clinical samples. A total of 75 specimens
including 53 colorectal GIST and 22 smooth muscle tumors
were collected from Jan 1986 to Dec 2007 at Kaohsiung
Chang Gung Memorial Hospital. The tumors were obtained
from curative excision or resection and the experimental
protocols meet the principles outlined in the Declaration of
Helsinki. The diagnosis of malignant potential of tumor was
based on the index of NIH-risk categories (very low, low,
intermediate and high risk) according to tumor mitosis and
size (18). The closing date of follow-up was Dec 31, 2007.
In each case, the slides were reviewed, and the following
histological parameters were regarded and recorded by a
pathologist: a) predominant cell type, spindle or non-spindle
(epithelioid or mixed); and b) nuclear pleomorphism (mild,
moderate or high). Cell type was categorized as being
predominantly spindle (>75% of the tumor), epithelioid
(>75% of the tumor), or mixed if the spindle and epithelioid
components occupied >25% of the tumor. Nuclear pleo-
morphism is defined as variation in nuclear size and shape,
and was judged to be mild (<10%), moderate (10-30%) or
severe (≥30%).

Immunohistochemistry. Tissue specimens were maintained in
formaldehyde-fixed, paraffin-embedded blocks. Sections
stained with hematoxylin and eosin (H&E) were also reviewed.
The paraffin sections from specimens were deparaffinized,
blocked with 3% hydrogen peroxide for 10 min, and subjected
to antigen retrieval in a microwave in 0.01 M citrate buffer
for 15 min. The slides were washed twice with PBS,
incubated with the primary antibodies of CD117 (Dako M7140,
clone 104D2), CD34 (Dako M7161, clone QBEnd10), smooth
muscle actin (SMA) (Novocastra NCL-SMA Cloneαsm),
S-100 (Novocastra NCL-S-100p), desmin (Novocastra NCL-
DES-DERII, clone DE-R-11), Ki-67 (Dako MIB1), and
proliferating cell nuclear antigen (PCNA, Dako, M0879) for
30 min each, and examined with a peroxidase conjugate
using a polymer detection system (Zymed Cat. No. 87-89431)
for 30 min. The antibody staining was visualized with 3,3-
diaminobenzidine tetrahydrochloride (DAB; Sigma, St.
Louis, MS) in 0.1 M Tris pH 7.2, containing 0.01% H2O2. The
section slides were counterstained with Gill's hematoxylin,
dehydrated and mounted.

Scoring of immunostaining. The markers (CD117, CD34,
SMA, desmin and S-100) in the tumor cells on each slide
were expressed as a negative or positive stain by estimating
the number of positive tumor cells in staining intensity.
Negative was defined as no staining, or <10% of the area

with positive staining. Positive staining was defined as full or
numerous. The nuclear immunostaining of nuclear Ki-67 and
PCNA was calculated as labeling index (LI) (%) by a
pathologist for each case. The percentage of positive nuclear
Ki-67 and PCNA-labeled tumor cells (from counting 1000
cells) was calculated for subsequent analyses. The labeling
index of nuclear Ki-67 was divided into negative (<10%) or
positive (≥10%) for comparison. PCNA was divided into high
or low expression by the ROC curve according to reference of
disease recurrence. Subsequently, the correlation between
immunostaining and the clinicopathologic parameters of
tumors was analyzed by statistical analysis.

Statistical analysis. The age, tumor mitosis and tumor size
were expressed as mean ± standard deviation. They were
further categorized by cut-off levels as 60 years for age; 5
and 10/50HPF for mitosis; and 5 and 10 cm for tumor size.
Comparisons between groups of independent samples were
assessed by the Student's t-test or Mann-Whitney U test.
Associations between categorical variables were assessed
using Chi-square or Fisher's exact test. The correlation between
continuous variables was determined by Spearman's rank
correlation test. Survival rates were calculated by the Kaplan-
Meier method and the difference in survival was compared
with the log-rank test. The influence of various clinico-
pathologic features on survival was assessed by Cox's
proportional hazard model. P<0.05 was considered statistically
significant.

Results

Clinicopathologic information. Fifty-three collected
specimens diagnosed as colorectal GIST, and 22 diagnosed
as smooth muscle tumor were included in this study. Forty of
53 GIST were initially diagnosed as smooth muscle tumors
prior to the year 2000, in the pre-KIT period. They were
re-diagnosed as CD117 (+) stromal tumors by immuno-
histochemistry, in this study. Diagnosis of smooth muscle
tumor should meet the criteria of SMA (+), desmin (+),
CD117 (-), CD34 (-) and S-100 (-). Finally, a total of 75 cases
of colorectal mesenchymal tumors were included for further
analyses, comprising of 41 males and 34 females, with age
ranging from 19 to 80 years (mean 56.7±12.9) and tumor size
ranging from 0.4 to 23 cm (mean 4.46±3.94). Tumors were
located at the rectal region in 69 cases, sigmoid colon in 4
cases, descending colon in 1 case, and transverse colon in 1
case. According to NIH-risk categories, 27 cases (36%)
belong to the very low-risk group, 8 (10.7%) to the low-risk
group, 10 (13.3%) to the intermediate-risk group, and 30
(40%) to the high-risk group. Cell types consist of 56 spindle
cells (74.6%), 8 epithelioid cells (10.7%), and 11 mixed
types (14.7%). Severe pleomorphism in 13 tumors (17.3%),
moderate in 29 (38.7%) and mild in 33 tumors (44%) was
found. Baseline databases revealed that tumor size was
positively correlated with mitotic count (P<0.001). Increased
NIH risk is associated with older patients (P=0.002), non-
spindle cell types (P<0.001), high cellularity (P=0.013) and
severe nuclear pleomorphism (P<0.001). At the end of
follow-up, 25 of 75 patients (33.3%) had disease recurrence
and 17 patients succumbed due to their tumors. The 1-, 3- and
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5-year disease-free survival rates in each NIH-risk category
were 100, 100 and 100% (very low-risk); 100, 100 and 100%
(low-risk); 100, 83 and 62% (intermediate-risk); and 62, 31 and
27% (high-risk), respectively, which revealed a significant
risk in the high-risk group (P<0.001).

In comparison, colorectal GIST exhibited a larger tumor
size (5.81±3.89 vs. 1.07±0.69 cm; P<0.001), higher mitotic
count (31.3±50.3, median 9 vs. 4.71±21.1, median 0; P<0.001),
higher cellularity (P<0.001), lower ratio of spindle cell type
(P=0.004), higher nuclear pleomorphism (P=0.004), and a
higher NIH risk (P<0.001) than that of smooth muscle tumors
(Table I). The characteristics of smooth muscle tumors
included a predominantly small size of approximately ≤1 cm,
spindle cell type (95.4%), low cellularity (86.4%), mild
pleomorphism (72%), and very low or low NIH risk (95.4%).
These characteristics indicated that smooth muscle tumors
belong to a benign disease entity with very low activity, in
contrast to the advanced nature of GIST.

Immunostaining analyses. Fifty-three CD117 (+) specimens
were diagnosed as colorectal GIST. The other 22 were SMA
(+), desmin (+), CD117 (-) and CD34 (-), and were diagnosed
as smooth muscle tumors. Due to immunohistochemical
studies, GIST exhibited heterogeneous immunophenotypes.
The positive immunoreactivities of colorectal GIST to panel
antibodies were 88.6% to CD34, 28.3% to SMA, 1.8% to
S-100 and 15.1% to desmin. Statistical analysis revealed that
there was a significant correlation between negative desmin
immunostaining and high NIH-risk in GIST (P=0.023). These
markers did not offer any clinicopathologic correlation, and
none of them served as prognostic factors for colorectal GIST.
In comparison with 74 gastric stromal and 71 small intestinal
tumors in our previous study (16,17), the immunoreactive
rates were similar to gastric tumors, but different from small
intestinal tumors. Colorectal GISTs exhibited a higher rate of
CD34 (P=0.02) and desmin (P=0.003), but a lower rate of
SMA (P<0.001) and S-100 (P<0.001) immunoreactivities

than did small intestinal GISTs (data not shown). These
results further revealed heterogeneous phenotypes of GIST
throughout the gastrointestinal tracts.

Subsequently, the results of immunostaining for Ki-67
and PCNA were analyzed. The immunoreactivities of two
markers were calculated by labeling index (LI, %). The
labeling index ranged from 0-63% for Ki-67 (mean 6.5±12.9%
and median 0%), and 10-93% for PCNA (mean 67±16.0%
and median 76%). We divided the nuclear LI of Ki-67 into
negative (<10%) (n=56) or positive (≥10%) (n=19) for
comparison. PCNA was divided into high (n=33) or low
(n=42) expression by the ROC curve according to reference of
disease recurrence. The LI of Ki-67 and PCNA was positively
correlated (P<0.001, Table II). Ki-67 and PCNA LI were also
positively correlated with tumor size and mitotic count
(P<0.001, Table II). Tumors with a high PCNA and positive
Ki-67 were correlated with increased NIH risk, non-spindle
cell type, high cellularity, severe nuclear pleomorphism, and
tumor type of GIST (P<0.05) (Table II). A high PCNA was
correlated with CD34 (+) and desmin (-), which was not
present in Ki-67. The presence of skeinoid fiber did not reveal
any clinicopathologic correlation. These results indicate that a
high proliferating activity correlated with many advanced
clinicopathologic images of tumors which existed in GIST
rather than smooth muscle tumors.

Survival analysis. Univariate survival analysis by the Kaplan-
Meier method demonstrated that patients with old age
(P=0.006), large tumor size (P<0.001, Fig. 1A), high mitotic
count (P<0.001, Fig. 1B), increased NIH risk (P<0.001,
Fig. 1C), morphology with non-spindle cell type (P<0.001),
high cellularity (P=0.015), high cell pleomorphism (P<0.001),
positive Ki-67 (P<0.001), high PCNA (P<0.001) and GIST
(P=0.001, Fig. 1D) had a shorter disease-free survival than
that of comparative groups. Further multivariate analysis by
Cox's proportional hazard model revealed that the tumor
mitotic count was the independent prognostic factor, which is
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Table I. Clinicopathologic comparison between 22 colorectal smooth muscle tumors and 53 GIST.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Smooth muscle tumor (n=22) GIST (n=53) P-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Age (yr) 53.0±13.0 58.2±12.7 NS (0.109)b

Tumor size (cm) 1.07±0.69 5.81±3.89 <0.001b

Tumor mitosis (median) 4.71±21.1 (0) 31.3±50.3 (9.0) <0.001c

Gender (F/M)a 9/13 25/28 NSe

Cell type (S/NS)a 21/1 34/19 0.004 d

Cellularity (L/I/H)a 19/3/0 12/19/22 <0.001e

Pleomorphism (M/M/S)a 16/5/1 17/24/12 0.004e

Skeinoid fiber (-/+)a 17/5 47/6 NSd

NIH risk (I+II/III+IV) 21/1 14/39 <0.001d

Ki-67 (-/+) 21/1 35/18 0.008d

PCNA (low/high) 20/2 22/31 <0.001d

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aGender, female/male; cell type, spindle/non-spindle; cellularity, low/intermediate/high; pleomorphism, mild/moderate/severe and skenoid
fiber, negative/positive. bStudent's t-test; cMann-Whitney U test; dFisher's exact test; eChi-square test and NS, not significant.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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superior to tumor size, NIH risk, and other markers for
prognostic prediction (Table III). Notably, only one of 22
patients (4.5%) with smooth muscle tumors (2.3 cm) had a
recurrent tumor 23 months after resection. A high tumor
mitosis and proliferating index (Ki-67 and PCNA) were found
in this tumor. In contrast, patients with GIST experienced a
much poorer prognosis than those with smooth muscle tumors.
Twenty-four of 53 (45.3%) patients with GIST had tumor
recurrence after resection. Therefore, we investigated the
survival analyses in only 53 GIST patients. The data revealed
that the prognostic factors for GIST were similar to those for
mesenchymal tumors. However, cell type and cellularity
prognostic factors in mesenchymal tumors were no longer
prognostic in GIST (Table IV). In addition, the predictive
power of the prognostic factors in GIST was not as strong as
that in mesenchymal tumors (Tables II and III). Therefore,
the tumor mitotic count remains as the only independent
prognostic factor in GIST.

Discussion

The majority of mesenchymal tumors of the GI tract are
stromal, although the most common mesenchymal tumors of
the esophagus are smooth muscle tumors (19). Stomach is the
most common primary organ of stromal tumors (60-70%),
followed by the small intestine (20-30%), colon and rectum
(5%), and esophagus (<5%) (9,19). Data on gastric and
intestinal smooth muscle tumors in previous studies largely
reflected stromal tumors. In this study, we carried out a large
serial review and found ~70% of colorectal mesenchymal
tumors were CD117 (+) stromal. The ratio is lower than that
of gastric and small intestinal ones. We found colorectal
GIST was significantly larger and more mitotic than pure
smooth muscle tumors. Moreover, colorectal GIST exhibited
more heterogeneous immunophenotypes and histological
images than smooth muscle tumors. Patients with colorectal
GIST had a much poorer prognosis than those with smooth
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Table II. Ki-67 and PCNA immunoreactivities and clinicopathologic correlation in colorectal mesenchymal tumors.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Ki-67 PCNA
–––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––––

Variables (-) (n=56) (+) (n=19) P-value Low (n=42) High (n=33) P-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Age (yr) 54.4±13.0 63.3±10.3 0.009b 55.0±13.1 58.9±12.5 NSb

Tumor size (cm) 3.65±3.87 6.85±3.15 0.001b 2.45±2.32 7.02±4.12 <0.001b

Tumor mitosis 17.8±46.9 40.1±36.5 <0.001c 1.61±4.21 51.3±57.5 <0.001c

(median) (0.5) (25) (0) (29)

Gendera NSe NSe

(F/M) 25/31 9/10 16/18 26/15

NIH risk <0.001d <0.001d

(I+II/III+IV) 34/22 1/18 33/9 2/31

Tumor typea 0.008d <0.001d

(GIST/SMT) 35/21 18/1 22/20 31/2

Cell typea <0.001e 0.001e

(S/NS) 50/6 5/14 37/5 18/15

Cellularitya 0.004e 0.003e

(L/I/H) 27/16/12 3/6/10 24/11/7 7/11/15

Pleomorphisma <0.001d <0.001e

(M/M/S) 32/19/5 1/10/8 27/11/4 6/18/9

Skeinoid fibers NSd NSe

(-/+)a 49/7 15/4 37/5 27/6

PCNA <0.001d

(low/high) 39/17 3/16

Ki-67a <0.001d

(-/+) 39/3 17/16
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aGender, female/male; cell type, spindle/non-spindle; cellularity, low/intermediate/high; pleomorphism, mild/moderate/severe; skenoid fiber,
negative/positive and Ki-67, negative or positive. bStudent's t-test; cMann-Whitney U test; dFisher's exact test; eChi-square test and NS, not
significant.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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muscle tumors. A consensus approach for defining risk of
aggressive behavior in GIST was proposed (NIH-risk
categories) to predict patient outcome (18). In this study, only
1 of 22 (4.5%) smooth muscle tumors belonged to the
intermediate or high-risk group, whereas 39 of 53 (73.5%)
GISTs were in the intermediate or high risk group. Tumor size
of the smooth muscle tumor was predominantly small (~1 cm),
whereas the majority of GIST were >2 cm (with mean of
5.81 cm). These results indicated that the use of KIT has
further elucidated the distinct disease nature and prognosis
between colorectal smooth muscle tumor and GIST.
Colorectal smooth muscle tumors exhibited an absolutely
benign disease nature.

Many studies have established clinicopathologic corre-
lations with prognosis. The mitotic count is generally accepted
as a prognostic indicator prior to KIT (6,17,20). Other histo-
logical parameters have also been reported to predict
prognosis, such as tumor size (4,17,21), cellular density (21),
predominant cell type (4), and histological grades (4).
Tumors predominantly composed of spindle cells with an
abundant cytoplasm usually appear to have low-cell density.
In contrast, tumors predominantly composed of epithelioid
cells with a relatively scant cytoplasm appear to have high-
cell density (22). Therefore, tumors with a predominantly

epithelioid cell type were predictably malignant, and signifi-
cantly correlated with metastasis (23). Skeinoid fibers were
named for eosinophilic stromal globules and ultrastructurally
resembled skeins of yarn (24). Skeinoid fibers were more
likely to be identified in benign tumors, and the absence of
skeinoid fibers was correlated with poor survival (25). In this
study, smooth muscle tumors markedly exhibit the benign
disease nature such as spindle cell type (except one), low-cell
density and low pleomorphism, in contrast to GIST. Large
tumor size, high proliferating index, epithelioid cell type as
well as high heterogeneity in GIST may explain their poor
prognosis and indicate the different characteristics between
colorectal GIST and smooth muscle tumor. Even if we focus
on analyses in GIST patients, the influence of these clinico-
pathologic parameters on prognosis is still evident.

CD34, a myeloid stem cell antigen, is detected in vascular
endothelium, some mesenchymal cells and vascular neoplasm
(17). High immunostaining rates of CD34 may indicate the
high heterogeneity of these tumors. The frequency of CD34
expression in malignant GIST had been reported to be higher
(17), or lower (26) than benign GIST. However, CD34
expression was reported not to be helpful in predicting tumor
behavior (4,9). SMA expression was reported to be more
commonly observed in benign than in malignant stromal
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Figure 1. Disease-free survival of patients with colorectal mesenchymal tumors. Patients with increased tumor size (A), increased tumor mitotic count (B),
increased NIH-risk categories (C) and GIST tumor (D) experienced a shorter disease-free survival than that of patients with comparative groups (Kaplan-
Meier analysis with the log-rank test).
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Table III. Univariate and multivariate analyses for disease-free survival rates of individual parameters in 75 patients with
colorectal mesenchymal tumors (GIST + smooth muscle tumor) (Cox's proportional hazard model).
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Univariate Multivariate
–––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––

Variables Risk 95% CI P-value Risk 95% CI P-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Age (yr) 3.23 1.39-7.51 0.006 - - NS
Gender (F/M) 0.82 0.37-1.80 NS - - -
Tumor size (cm) 6.32 0.51-15.9 <0.001 - - NS
Tumor mitosis 48.8 6.53-365 <0.001 34.2 4.58-258 0.001
NIH risk 33.2 4.47-276 0.001 - - NS
Cell type 3.66 1.66-8.09 0.001 - - NS
Cellularity 2.00 1.22-3.28 0.006 - - NS
Pleomorphism 3.41 1.96-5.92 <0.001 - - NS
Skeinoid fibers 0.70 0.21-2.37 NS - - -
GIST/SMT 11.9 1.62-88.7 0.015 - - NS
CD34 2.62 0.98-7.00 NS (0.054) - - -
SMA 0.54 0.22-1.31 NS - - -
Desmin 0.41 0.14-1.20 NS - - -
Ki-67 6.06 2.71-13.5 <0.001 - - NS
PCNA 10.7 3.12-36.6 <0.001 - - NS
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Age, < or ≥60 years; gender, male or female; tumor size, < 5 or ≥5 cm; mitoses, < 5 or ≥5/50HPF; NIH risk, very low + low or intermediate +
high; GIST/SMT, GIST or smooth muscle tumor; CD34, positive or negative; SMA, positive or negative; S-100, positive or negative; Ki-67,
positive or negative; PCNA, high or low; cell type, spindle or non-spindle; cellularity, low + intermediate or high; pleomorphism, mild or
moderate + severe; skeinoid fibers, with or without and NS, not significant.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Table IV. Univariate and multivariate analyses for disease-free survival rates of individual parameters in 53 patients with
colorectal GIST (Cox's proportional hazard model).
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Univariate Multivariate
–––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––

Variables Risk 95% CI P-value Risk 95% CI P-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Age (yr) 2.51 1.07-5.89 0.033 - - NS
Gender (F/M) 0.92 0.41-2.07 NS - - -
Tumor size (cm) 3.77 1.39-10.2 0.009 - - NS
Tumor mitosis 24.5 3.26-184.8 0.002 22.6 2.99-170 0.003
NIH risk 14.2 1.90-106.8 0.010 - - NS
Cell type 2.10 0.93-4.72 NS (0.072) - - -
Cellularity 1.38 0.80-2.39 NS - - -
Pleomorphism 2.45 1.38-4.35 0.002 - - NS
Skeinoid fibers 1.03 0.47-2.21 NS - - -
CD34 0.56 0.21-1.51 NS - - -
SMA 0.93 0.37-2.34 NS - - -
Desmin 0.77 0.23-2.59 NS - - -
S-100 3.31 0.75-14.6 NS - - -
Ki-67 3.58 1.58-8.13 0.002 - - NS
PCNA 7.88 2.30-26.9 0.001 - - NS
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Age, < or ≥60 years; gender, male or female; tumor size, <5 or ≥5 cm; mitoses, < 5 or ≥5/50HPF; NIH risk, very low + low or intermediate +
high; CD34, positive or negative; SMA, positive or negative; S-100, positive or negative; Ki-67, positive or negative; PCNA, high or low;
cell type, spindle or non-spindle; cellularity, low + intermediate or high; pleomorphism, mild or moderate + severe; skeinoid fibers, with or
without and NS, not significant.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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tumors and served as a preferred prognostic factor (4,16). In
this study, SMA (+) pure smooth muscle tumors theoretically
exhibited a much more benign course than GIST. However,
immunoreactivities to CD34 or SMA in GIST were unable to
provide any prognostic prediction. Of the two supplemental
immunohistochemical markers tested, Ki-67 is known as a
proliferating marker and has been widely studied (27-29).
PCNA is a nuclear protein, which is closely related to the cell
cycle regulation as it is an auxiliary molecule for DNA
polymerase-δ (30). The Ki-67 protein was considered to be
more specific and reliable than PCNA as a marker of cell
proliferation (29). However, whether the Ki-67 or PCNA
index is more practical and reliable than mitotic counting is
still a matter of ongoing controversy. It has been suggested
that there was less interobserver variation for the Ki-67 index
than for mitotic counting (31). In this study, we found that
inverse immunoreactivities to Ki-67 and PCNA existed
between smooth muscle tumors and GIST. Smooth muscle
tumors mainly exhibited a negative Ki-67 and low PCNA
expression, implicating a low cell proliferation. However, a
high ratio of positive Ki-67 and a high PCNA expression
were found in GIST. These two markers showed the close
relationship to other advanced images of tumors. The two
markers may predict prognosis for colonic mesenchymal
tumors, as well as GIST easily. The power of prognostic
prediction by the two markers appears to be equal in this study.

In conclusion, ~70% of the previously recognized smooth
muscle tumors in colorectal areas are stromal tumors. A much
higher heterogeneity and complexity were found in GIST
versus smooth muscle tumor. GIST was significantly larger,
more mitotic and a poorer prognostic factor than smooth
muscle tumor. The distinction between GIST and smooth
muscle tumor is important in the post-KIT period for prognostic
prediction as well as following Imatinib therapy. However,
mitotic count is still the most valuable prognostic factor
following the period of KIT and better than the recently used
NIH-risk categories. This may indicate that tumors with high
mitotic activity have appeared to behave worse than their
large but mitotically inactive counterparts. This observation
is consistent with a large serial study (32,33).
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