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Abstract: RacGAP1 is a protein associated with cell proliferation, cell growth regulation, cell transformation and
metastasis. The present study was designed to evaluate RacGAP1 expression in gastrointestinal stromal tumors
(GISTs) for the first time in the literature and to determine its association with some predictive clinicopathological
features, Ki-67 proliferation index, and risk stratification systems of Armed Forces Institute of Pathology (AFIP) and
modified National Institutes of Health (NIH). Paraffin-embedded tissues of 100 GISTs were investigated, retrospec-
tively. High (>10%) Ki-67 proliferation index, higher mitotic count, high cellularity, small intestinal location, and high-
risk groups according to both AFIP and modified NIH criteria were found to be correlated with RacGAP1 positivity in
the univariate analysis (all P values <0.05). The association between RacGAP1 expression and higher cellularity was
supported by the multivariate analysis (P=0.023). High (=10%) Ki-67 proliferation index was correlated with higher
nuclear pleomorphism, necrosis, ulceration, small intestinal location, greater tumor size, higher mitotic count, and
high risk group according to AFIP and NIH criteria in the univariate analysis (all P values <0.05). The correlation
of Ki-67 proliferation index and mitotic count and high risk group according to AFIP criteria was confirmed by the
multivariate analysis (all P values <0.05). In conclusion, higher RacGAP1 expression and Ki-67 index might be con-
sidered as effective complementation of risk stratification systems and unfavorable clinicopathological features in
predicting poor outcome of GISTs. However, the utility of RacGAP1 expression in GISTs should be further validated
in larger cohorts of patients with long-term follow-up data.
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Introduction National Institutes of Health (NIH) consensus
criteria, the modified NIH consensus criteria,
and the Armed Forces Institute of Pathology

(AFIP) criteria [8-10].

Gastrointestinal stromal tumors (GISTs) are the
most common mesenchymal neoplasms of the
gastrointestinal tract that comprises 1-3% of all

gastrointestinal malignant tumors [1, 2]. GISTs
are characterized by a wide spectrum of tumors
with variable malignant potential and unpre-
dictable behavior, limiting the use of standard
tumor-node-metastasis system in assessment
of the prognosis [3-6]. Accordingly, several
prognostic factors have been investigated in
GISTs, while a risk stratification based assess-
ment of the malignant potential is commonly
used in the clinical setting [6, 7]. Most preva-
lent risk stratification systems include the

Although high Ki-67 proliferation index, tumor
necrosis, tumor rupture, and nuclear pleomor-
phism have been claimed to be the poor prog-
nostic factors for GIST, there is still no reliable
prognostic marker to predict the clinical behav-
ior of GISTs in terms of malignant potential, pro-
gression and recurrence as well as resistance
to therapy [9, 11-13].

RacGAP1 [Rac guanosine triphosphatase
(GTPase)-activating protein 1] is a member of
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GTPase activating proteins (GAPs) family local-
ized in the mitotic spindle at metaphase and
involved in inactivation of many Rho-mediated
signals [14-16]. RacGAP1 has been considered
to have crucial roles in cytokinesis during nor-
mal cell cycle as well as in cell growth regula-
tion, differentiation, cell transformation, inva-
sion, migration, tumorigenesis, progression,
recurrence and metastasis [14-16]. Conside-
rable interest exists in the potential prognostic
role RacGAP1 overexpression in various tumors
and its presence and poor prognostic role has
recently been confirmed in breast cancer, hepa-
tocellular carcinoma, gastric cancer, colorectal
cancer, epithelial ovarian cancer, invasive cervi-
cal cancer, high grade meningioma and bron-
chopulmonary neuroendocrine  neoplasms
[14-18].

Increased mitotic potential and high Ki-67 pro-
liferation index are the main characteristics of
malignant tumors indicating progression and
metastasis, while Rho GTPases have been
related to prognostic markers, such as histo-
logical grade and proliferation index owing to
their effect on Rac inactivation [5, 10, 14].
Hence, in a limited number of studies on the
role of RacGAP1 expression in tumor prolifera-
tion, RacGAP1 upregulation was reported to be
associated with high Ki-67 proliferation index
for some tumors including epithelial ovarian
carcinomas, invasive cervical cancer, high
grade meningioma, and lung neuroendocrine
tumors [14-16].

Besides, Ki-67 and RacGAP1 has been consid-
ered to be candidate proliferation-associated
markers in breast cancer, being members of a
cell cycle associated sub-network associated
with a poor prognosis, while with regulatory dif-
ferences according to their positions in network
[19, 20].

However, no studies to date have investigated
the presence and potential prognostic role of
RacGAP1 in GIST. The present study was there-
fore designed to evaluate RacGAP1 expression
in patients with GISTs for the first time in litera-
ture, and to determine its association with clini-
copathologic prognostic factors, Ki-67 prolifer-
ation index and risk stratification.

Materials and methods
Study population

A total of 100 patients (mean + SD age:
58.3+12.4 years, 53% were females) diag-
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nosed with GIST between January 2008 and
December 2014 at Gazi University School of
Medicine, Ankara (n=96) and Bozok University
School of Medicine, Yozgat (n=4) were included
in this retrospective study. The GIST diagnosis
were established based on the standard immu-
nohistochemical diagnosis and differential
diagnosis panel antibodies including CD117,
CD34, SMA (smooth muscle actin), desmin,
S-100 and Ki-67, and confirmed by positive
immunohistochemical staining for CD117 and/
or CD34 in accordance with histopathological
features of GIST.

Presence of available records on clinicopatho-
logical characteristics and accessible patholo-
gy material were the inclusion criteria of the
study. Patients with no accessible pathologic
material (referral patients) were excluded from
the study.

The study was conducted in full accordance
with local Good Clinical Practice guideline and
current legislations, while the permission was
obtained from Bozok University Ethics Com-
mittee for the use of patient data for publica-
tion purposes.

Study parameters

Data on patient demographics (age, gender),
clinicopathological features of GISTs [tumor
size (cm), mitotic count in 50 high power fields
(HPFs), cell types, cellularity (mild, moderate,
high), nuclear pleomorphism (mild, moderate,
high), necrosis, hemorrhage, ulceration, tumor
location and growth pattern (expansive, infiltra-
tive)] were retrieved from pathology reports and
re-evaluated. GISTs were further evaluated
for re-assessment of Ki-67 proliferation index
scores, immunohistochemical analysis of
RacGAP1 expression and risk stratification
based on AFIP and modified NIH criteria.

Clinicopathological features of GISTs was ana-
lyzed in the overall study population as well as
with respect to RacGAP1 expression [negative
(score 0) vs. positive (scores 1-3)], Ki-67 prolif-
eration index (<10% vs. 210%) and risk stratifi-
cation (low risk vs. high risk) groups. Risk strati-
fication was also evaluated with respect to
RacGAP1 expression and Ki-67 proliferation
index. Multivariate logistic regression analysis
was performed to determine risk factors pre-
dicting higher risk status, higher Ki-67 prolifer-
ation index and higher RacGAP1 expression.

Int J Clin Exp Pathol 2017;10(12):11723-11736



RacGAP1 and Ki-67 expression in GISTs

Figure 1. Photomicrographs of RacGAP1 expression in representative GIST cases. A: Score 1 RacGAP1 positivity in
the tumor cells of a case with low risk category; B: Score 2 RacGAP1 positivity in the tumor cells of a case with low
risk category; C: Score 3 RacGAP1 positivity in the tumor cells of a case with high risk category [Streptavidin-biotin-
peroxidase method, original magnification 400x, each].

Immunohistochemistry

Paraffin blocks were cut into 4-um sections,
deparaffinized and dehydrated according to
standard protocols. Then, immunohistochemis-
try was performed using the streptavidin-biotin-
peroxidase method for RacGAP1 [1:500, rabbit
polyclonal antibody; Abcam, Cambridge, United
States of America] in automated stainer [Leica
Bond-Max, Leica Biosystems, United Kingdom].
Testis tissue was used as a positive control of
RacGAP1. For negative control, the primary
antibody was omitted. Both cytoplasmic and
nuclear staining was considered as positive for
RacGAP1. Five random HPFs were examined to
count immune-reactive cells under light micro-
scope. Immunostaining of RacGAP1 was scored
in accordance with the following criteria: score
0 = no staining, score 1 <10% staining, score 2
= 10% to 60% staining, score 3 = 61% to 100%
staining.

Staining for Ki-67 was examined with 4x and
10x object lenses to identify the area of most
intense staining (hot spot), while scoring was
performed by counting at least 500 tumor cells
in HPFs with a 40x object lens (BX53F, Olympus,
Tokyo, Japan). All brown-stained nuclei, regard-
less of staining intensity, were counted as posi-
tive. Ki-67 proliferation index was evaluated in
two groups (<10% and >10%) based on per-
centage of staining cells.

Risk stratification

Risk stratification was based on two different
systems including AFIP criteria and modified
NIH criteria [9, 10].

According to AFIP criteria that incorporate
tumor site as well as tumor size and mitotic
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count, tumor size was categorized into four
groups: <2 cm, >2 to <5 cm, >5 to <10 cm, and
>10 cm, while mitotic count is classified into
two groups: <5 or >5 mitoses per 50 HPFs [10].

In accordance with the modified NIH criteria,
prognosis of GISTs was categorized into four
subgroups (very low, low, intermediate or high
risk) based on mitotic count and tumor size,
similar to original NIH consensus criteria, and
also on two additional prognostic factors incor-
porated into the modified model including pri-
mary tumor site and tumor rupture [8, 9l
Accordingly, cases with mitotic count >10/50
HPFs and tumor size >10 cm, or mitotic count
>5/50 HPFs and tumor size >5 cm were classi-
fied as the high risk group for gastric tumors,
whereas for non-gastric GISTs, tumor size >5
cm (regardless of the mitotic count) and tumor
size >2 cm (if mitotic activity of >5/50 HPFs)
were also classified into the high risk group. All
cases with the presence of a tumor rupture
were also classified as the high risk group.

For analysis purposes, high risk group was con-
sidered as “high-risk group” per se, while the
remaining groups were combined under catego-
ry of “low-risk groups” for both modified NIH
and AFIP risk stratification models.

Statistical analysis

Statistical analysis was made using MedCalc
Statistical Software version 12.7.7 (MedCalc
Software bvba, Ostend, Belgium; 2013). Chi-
square (x?) and Fisher-Exact tests were used
for the comparison of categorical data, while
numerical data were analyzed using Student-t
test and Mann-Whitney U test for variables with
normal distribution and for non-normally dis-
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Figure 2. Photomicrographs of Ki-67 expression in demonstrative GIST cases.
A: Low (<10%) Ki-67 proliferation index in the tumor cells of a case with low
risk category; B: High (=10%) Ki-67 proliferation index in the tumor cells of a
case with high risk category [Streptavidin-biotin-peroxidase method, original

maghnification 200x%, 400x%, respectively].

tributed variables, respectively. Logistic regres-
sion analysis was performed with consideration
of risk stratification, Ki-67 proliferation index
and RacGAP1 expression (categorical) as the
dependent variables while “Enter” was select-
ed as the method and “simple first” as the cat-
egorical variable coding scheme. Predictors
with possible influence on dependent variable
were added as covariates. Data were expressed
as “mean * standard deviation (SD)”, minimum-
maximum, percent (%) and 95% confidence
interval (Cl) where appropriate. P<0.05 was
considered statistically significant.

Results

Clinicopathological features with respect to
RacGAP1 expression and Ki-67 proliferation
index

Overall, positive RacGAP1 expression (Figure
1) and high (=10%) Ki-67 proliferation index
(Figure 2) were noted in 69% and 19% of
patients, respectively. Mean + SD tumor size
was 6.0+4.24 cm (5-10 cm in 41.0%) and mean
+ SD mitotic count was 7.4415.3 (=5 mitosis in
33.3%) in 50 HPFs. Most of tumors were spin-
dle cell type tumors (73.0%) with high-degree
cellularity (44.0%), mild-to-moderate nuclear
pleomorphism (73.0%), expansive growth pat-
tern (92.0%) and gastric location (71.0%) with
no signs of necrosis (70.0%), hemorrhage
(97.0%) or ulceration (85.0%) (Table 1).

Significantly larger tumor size (9.16+5.76 cm
vs. 5.26+3.46 cm, P<0.001), higher mitotic
count (29.1+25.7 vs. 2.3+2.4, P<0.001) and
higher likelihood of RacGAP1 positivity (89.5%
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vs. 64.2%, P=0.021), high
degree nuclear pleomorphi-
sm (47.4% vs. 8.6%, P=
0.001), necrosis (52.6% vs.
24.7%, P=0.025), ulceration
(31.6% vs. 11.1%, P=0.036)
and small intestinal location
(36.8% vs. 8.6%, P=0.016)
were noted in patients with
high (=10%) Ki-67 prolifera-
tion index compared to those
with low (<10%) Ki-67 prolif-
eration index (Table 1). No
significant difference was
noted between <10% and
>10% Ki-67 proliferation in-
dex groups in terms of patient demograph-
ics, tumor cell type, degree of cellularity, pr-
esence of hemorrhage and growth pattern
(Table 1).

Significantly higher mitotic count (9.3£16.9 vs.
3.8+11.5, P=0.002), higher likelihood of high
degree cellularity (50.7% vs. 29.0%, P=0.018),
high (=10%) Ki-67 proliferation index (24.6% vs.
6.5%, P=0.017) and small intestinal location
(18.8% vs. 3.2%, P=0.047) were noted in
patients with positive RacGAP1 expression
compared to those with negative RacGAP1
expression (Table 1). No significant difference
was noted between RacGAP1-positive and
RacGAP1-negative patients in terms of patient
demographics, tumor size, tumor cell type, and
degree of nuclear pleomorphism, presence of
ulceration, hemorrhage or necrosis and growth
pattern (Table 1).

Risk stratification with respect to RacGAP1
expression and Ki-67 proliferation index

High risk and low risk (very low-risk, low-risk
and intermediate-risk) groups composed
22.0% and 76.0% of study population, respec-
tively according to AFIP criteria; while 41.0%
and 59.0% of patients were categorized into
high risk and low risk groups, respectively
according to modified NIH criteria (Table 2).

According to AFIP risk stratification, 73.7% (14
out of 19) of patients with high (=10%) Ki-67
proliferation index and 30.3% (20 out of 66) of
patients with score 2-3 positive RacGAP1
expression were classified in the high risk group
(Table 2).
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Table 1. Clinicopathologic features of GISTs in the overall study population and with respect to RacGAP1 expression and Ki-67 proliferation index

RacGAP1 expression

Ki-67 proliferation index

- Overall Negative Positive )
Characteristics (n=100)  score O Score 1 Score 2 Score 3 Total | aueneeatve - <10% e Pvale
vs. total positive (n=81) (n=19)
(n=31) (n=3) (n=16) (n=50) (n=69)
Gender, n (%)
Female 53 (53.0) 19 (61.3) 2 (66.7) 9 (56.3) 23 (46.0) 34 (49.3) 0.287* 44 (54.3) 9 (47.4) 0.618!
Male 47 (47.0) 12 (38.7) 1(33.3) 7 (43.8) 27 (54.0) 35 (50.7 37 (45.7) 10 (52.6)
Age (year)
Mean + SD 58.3+12.4 60.9+13.5 53.7+3.2 53.7+12.8 58.4+11.6 57.3+12.0 0.2492 58.1+1.8 59.3+10.9 0.7002
Median (min-max) 58.5(21-84) 60 (21-84) 55 (50-56) 52.5 (32-80) 59 (27-77) 58 (27-80) 59 (21-84) 58 (40-82)
RacGAP1, n (%)
Score 0 31(31.0) - - 29 (35.8) 2 (10.5) 0.021*
Score 1 3(3.0) - - 3(3.7) 0(0)
Score 2 16 (16.0) - - 9(11.1) 7 (36.8)
Score 3 50 (50.0) - - 40 (49.4) 10 (52.6)
Mean + SD 1.8+1.3 - - 1.7+1.4 2.310.9 0.2313
Median (min-max) 2.5 (0-3) - - 2(0-3) 3(0-3)
Ki-67, n (%)
<10% 81 (81.0) 29 (93.5) 3(100.0) 9 (56.3) 40 (80.0) 52 (75.4) 0.017* - -
>10% 19 (19.0) 2(6.5) 0(0.0) 7(43.8) 10 (20.0) 17 (24.6) -
Tumor size (cm)
Mean + SD 6.0+4.24 5.13+3.40 3.83+2.36 5.82+3.51 6.74+4.9 6.51+4.59 0.140° 5.26+3.46 9.16+5.76 <0.0013
Median (min-max) 5.1(0.4-25) 5.0(0.5-14) 3.0(2.0-6.5) 5.35(0.4-15) 5.5(0.4-25) 5.5(0.4-25) 4.8 (0.4-16.5) 6.5(2.0-25)
n (%)
<2cm 10 (10.0) 4(12.9) 0(0.0) 1(6.3) 5(10.0) 6 (8.7) 0.314* 10 (12.3) 0(0.0) 0.020*
2-5cm 34 (34.0) 11 (35.5) 2 (66.7) 5(31.3) 16 (32.0) 23(33.3) 31(38.3) 3(15.8)
5-10 cm 41 (41.0) 14 (45.2) 1(33.3) 9 (56.3) 17 (34.0) 27 (39.1) 31(38.3) 10 (52.6)
>10 cm 15 (15.0) 2 (6.5) 0 (0.0.0) 1(6.3) 12 (24.0) 13 (18.8) 9(11.1) 6 (31.6)
Mitotic count (in 50 HPFs)
Mean + SD 7.4+£15.3 3.8+11.5 1.7+2.1 10.4+16.3 8.9+17.3 9.3+16.9 0.002°
Median (min-max) 3(0-80) 1 (0-65) 1(0-4) 5.5 (0-65) 3(0-80) 3(0-80) 23+2.4 201+25.7  <0.001°
n (%)
<5 67 (67.0) 27 (87.1) 3(100.0) 7(43.8) 30 (60.0) 40 (57.9) 0.001* 65 (80.2) 2(10.5) <0.001*
>5 33(33.0) 4(12.9) 0(0.0) 9 (56.3) 20 (40.0) 29 (42.1) 16 (19.8) 17 (89.5)
Cell type, n (%)
Spindle 73(73.0) 26 (83.9) 3(100.0) 10 (62.5) 34 (68.0) 47 (68.1) 0.071* 61 (75.3) 12 (63.2) 0.347*
Mixed 21 (21.0) 3(9.7) 0(0.0) 4(25.0) 14 (28.0) 18(26.1) 16 (19.8) 5 (26.3)
Epithelioid 6 (6.0) 2(6.5) 0(0.0) 2(12.5) 2(12.5) 4 (5.8) 4(4.9) 2(10.5)
11727 Int J Clin Exp Pathol 2017;10(12):11723-11736
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Cellularity, n (%)

Mild 33(33.0) 14 (45.2) 3(100.0) 4 (25) 12 (24.0) 19 (27.5) 0.018* 30(37) 3(15.8) 0.065*
Moderate 23(23.0) 8(25.8) 0(0.0) 2(12.5) 13 (26.0) 15 (21.7) 20 (24.7) 3(15.8)
High 44 (44.0) 9(29.0) 0(0.0) 10 (62.5) 25 (50.0) 35 (50.7) 31(38.3) 13 (68.4)
Nuclear pleomorphism (atypia), n (%)
Mild 62 (62.0) 19 (61.3) 3(100.0) 8 (50) 32 (64.0) 43 (62.3) 0.314* 55 (67.9) 7 (36.8) 0.001*
Moderate 11 (11.0) 2(6.5) 0(0.0) 2 (12.5) 7 (14.0) 9(13.0) 9(11.1) 2(10.5)
High 16 (16.0) 4 (12.9) 0(0.0) 4 (25.0) 8(16.0) 12 (17.4) 7(8.6) 9 (47.4)
Absent 11 (11.0) 6(19.4) 0(0.0) 2(12.5) 3(6.0) 5(7.2) 10 (12.3) 1(5.3)
Necrosis, n (%)
Present 30 (30.0) 8(74.2) 0(0.0) 5(31.3) 17 (34.0) 22(31.9) 0.363* 20 (24.7) 10 (52.6) 0.025*
Absent 70(70.0) 23(25.8) 3(100.0) 11 (68.8) 33(66.0) 47 (68.1) 61 (75.3) 9 (47.4)
Hemorrhage, n (%)
Present 3(3.0) 0 (0) 0(0.0) 1(6.3) 2(4.0) 3(4.3) 0.549* 3(3.7) 0(0.0) 1.00*
Absent 97 (97.0) 31 (100.0) 3(100.0) 15 (93.8) 48 (96.0) 66 (95,7) 78 (96.3) 19 (100)
Ulceration, n (%)
Present 15 (15.0) 5(16.1) 0 (0.0) 3(18.8) 7 (14.0) 10 (14.5) 1.000* 9(11.1) 6 (31.6) 0.036*
Absent 85 (85.0) 26 (83.9) 3(100.0) 13 (81.3) 43 (86.0) 59 (85.5) 72 (88.8) 13 (68.4)
Tumor location, n (%)
Colon 4 (4.0) 1(3.2) 0 (0) 0 (0) 3(6.0) 3(4.3) 0.047* 3(3.7) 1(5.3) 0.016*
Stomach 71 (71.0) 28(90.3) 2 (66.7) 10 (62.5) 31(62.0) 43 (62.3) 62 (76.5) 9 (47.4)
Small intestine 14 (14.0) 1(3.2) 0 (0) 2 (12.5) 11(22) 13(18.8) 7(8.6) 7 (36.8)
Duodenum 7 (7.0) 1(3.2) 1(33.3) 2 (12.5) 3(6.0) 6(8.7) 5(6.2) 2(10.5)
Esophagus 4 (4.0) 0 (0) 0(0) 2(12.5) 2(4.0) 4 (5.8) 4 (4.9) 0(0.0)
Growth pattern, n (%)
Expansive 92 (92.0) 29 (93.5) 3(100.0) 12 (75.0) 48 (96.0) 63 (91.3) 0.713* 76 (93.8) 16 (84.2) 0.174*
Infiltrative 8(8.0) 2(6.5) 0 (0.0) 4 (25.0) 2(4.0) 6(8.7) 5(6.2) 3(15.8)

HPFs: High power fields. 'Fisher Exact test, ?Student t test, *Mann-Whitney U test.
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Table 2. Risk stratification with respect to RacGAP1 expression and Ki-67 proliferation index

RacGAP1 expression

Ki-67 proliferation

. T Total index
Risk stratification models
(n=100) Score0 Score1 Score2 Score 3 <10% >10%
(n=31) (n=3) (n=16) (n=50) (n=81) (n=19)
AFIP-risk stratification, n (%)
Low risk groups 6 (76.0) 28(90.3) 3(100.0) 9(56.3) 36(72.0) 72(88.9) 4 (21.0)
Very low-risk 4(14.0) 6(19.4) 1(33.3) 1(6.2) 6(12.0) 13(16.0) 1(5.3)
Low-risk 4(44.0) 17 (54.8) 2(66.7) 5(31.3) 20(40.0) 44 (54.3) 0(0)
Intermediate-risk 18 (18.0) 5(16.1) 0(0.0) 3(18.8) 10(20.0) 15(18.5) 3(15.8)
High-risk group (High-risk per se) 22 (22.0) 2 (6.4) 0(0.0) 6(375) 14(28.0) 8(9.9) 14(73.7)
Insufficient Data 2 (2.0) 1(3.2) 0(0.0) 1(6.2) 0(0.0) 1(1.2) 1(5.3)
Modified NIH-risk stratification, n (%)
Low risk groups 9 (59.0) 24(77.4) 3(100.0) 7 (43.7) 25(50.0) 57 (70.4) 2(10.5)
Very low-risk 0(10.0) 4(12.9) 0(0.0)0 1(6.3) 5(10.0) 10(12.3) 0(0.0)
Low-risk 28 (28.0) 10(32.3) 2(66.7) 4(25.0) 12(24.0) 27(33.3) 1(5.3)
Intermediate-risk 1(21.0) 7(22.6) 1(33.3) 2(12.5) 8(16.0) 20(24.7) 1(5.3)
High-risk group (High-risk perse) 41 (41.0) 7 (22.6) 0(0.0.0) 9 (56.3) 25(50.0) 24 (29.6) 17 (89.5)

AFIP: Armed Force Institute of Pathology, NIH: National Institutes of Health.

According to modified NIH risk stratification,
89.5% (17 out of 19) of patients with high
(=10%) Ki-67 proliferation index and 51.5% (34
out of 66) of patients with score 2-3 positive
RacGAP1 expression were categorized into the
high risk group (Table 2).

Clinicopathological features with respect to
risk stratification

According to AFIP-based risk stratification,
high-risk group had significantly higher mean +
SD RacGAP1 scores (2.4+0.9 vs. 1.7+1.4, P=
0.043), tumor size (10.44+5.32 cm vs. 4.66+
2.85 cm, P<0.001), mitotic count (20.6+22.2
vs. 3.6+10.3, P<0.001) along with higher rates
of 210% Ki-67 proliferation index (63.6% vs.
5.3%, P<0.001), high-degree cellularity (72.7%
vs. 35.5%, P=0.009), high-degree nuclear
pleomorphism (36.4% vs. 9.2%, P=0.027),
necrosis (50.0% vs. 22.4%, P=0.016), ulcer-
ation (31.8% vs. 9.2%, P=0.014) and small
intestinal location (36.4% vs. 8.2%, P=0.009)
(Table 3).

According to modified NIH risk stratification cri-
teria, high-risk group had significantly higher
mean = SD RacGAP1 scores (2.3%1.1 vs.
1.5+1.4, P=0.017), tumor size (9.08+4.51 cm
vs. 3.87+2.33 cm, P<0.001), mitotic count
(15.5+21.5 vs. 1.7£1.9, P<0.001) along with
higher rates of >210% Ki-67 proliferation index
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(41.5% vs. 3.4%, P<0.001), high-degree cellu-
larity (63.4% vs. 30.5%, P=0.006), high-degree
nuclear pleomorphism (34.1% vs. 3.4%, P=
0.001), necrosis (46.3% vs. 18.6%, P=0.003)
and small intestinal location (31.7% vs. 1.7%,
P=0.001) (Table 3).

Multivariate logistic regression analysis for
factors predicting high risk status, higher Ki-67
proliferation index and RacGAP1 overexpres-
sion

Presence of ulceration (OR, 51.7; 95% Cl, 2.08
to 1287.12; P=0.016), larger tumor size (OR,
1.07; 95% Cl, 1.02 to 1.13; P=0.005) and high-
er Ki-67 proliferation index (OR, 59.3; 95% ClI,
1.61 to 2184.01, P=0.026) were associated
with increased likelihood of being categorized
into high-risk group according to AFIP criteria
(Table 4).

Larger tumor size (OR, 1.75; 95% CI, 1.05 to
2.93, P=0.033) and higher mitotic count (OR,
2347.85; 95% Cl, 1.33 to 4150482.35, P=
0.042) were associated with increased likeli-
hood of being categorized into high-risk group
according to modified NIH criteria (Table 4).

Higher mitotic count (OR, 1.73; 95% Cl, 1.23 to
2.43, P=0.002) and higher degree of cellularity
(OR, 2.21; 95% Cl, 0.66 to 7.38, P=0.023) were
found to predict high Ki-67 proliferation index
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Table 3. Clinicopathologic features of GISTs and with respect to risk stratification according to AFIP
and modified NIH criteria

Risk stratification

. AFIP Modified NIH
Characteristics - - - -
Low risk o Low risk High risk
High risk group P value Pvalue
groups groups group
Gender, n (%)
Female 42 (55.3) 11 (50.0) 0.809* 35 (59.3) 18 (43.9) 0.156*
Male 34 (44.7) 11 (50.0) 20 (40.7) 23 (56.1)
Age (year)
Mean + SD 58.41£13.3 57.2+9.3 0.6172 59.1+12.5 57.1+12.3 0.4342
Median (min-max) 59 (21-84) 58 (40-74) 59 (21-84) 58 (27-82)
RacGAP1
Mean + SD 1.7+1.4 2.4+0.9 0.043* 1.5+1.4 2.3+1.1 0.017*
Median (min-max) 2 (0-3) 3(0-3) 2 (0-3) 3(0-3)
Ki-67
<10% 72 (94.7) 8 (36.4) <0.0013 57 (96.6) 24 (58.5) <0.0013
>10% 4 (5.3) 14 (63.6) 2(3.4) 17 (41.5)
Tumor size (cm)
Mean = SD 4.66+2.85 10.44+5.32 <0.001* 3.87+2.33 9.08+4.51 <0.001*
Median (min-max) 4.25 (0.4-14) 10.75 (2.0-25) 3.3(0.4-10.0) 7.8 (2.0-25)
Mitotic count (in 50 HPFs)
Mean = SD 3.6+£10.3 20.6+22.2  <0.001* 1.7+1.9 15.5+21.5 <0.001*
Median (min-max) 2 (0-65) 10 (3-80) 1 (0-9) 6 (0-80)
Cell type, n (%)
Spindle 57 (75) 15 (68.2) 0.6943 45 (76.3) 28 (68.3) 0.5523
Mixed 15 (19.7) 5(22.7) 10 (16.9) 11 (26.8)
Epithelioid 4 (5.3) 2(9.1) 4 (6.8) 2(4.9)
Cellularity, n (%)
Mild 30(39.5) 3(13.6) 0.0093 24 (40.7) 9 (22) 0.006°
Moderate 19 (25) 3(13.6) 17 (28.8) 6 (14.6)
High 27 (35.5) 16 (72.7) 18 (30.5) 26 (63.4)
Nuclear pleomorphism, n (%)
Mild 51 (97.1) 11 (50.0) 0.0273 42 (71.2) 20 (48.8) 0.0013
Moderate 9 (11.8) 2(9.1) 8 (13.6) 3(7.3)
High 7(9.2) 8 (36.4) 2(3.4) 14 (34.1)
Absent 9(11.8) 1(4.5) 7(11.9) 4 (9.8)
Necrosis, n (%)
Present 17 (22.4) 11 (50.0) 0.016* 11 (18.6) 19 (46.3) 0.003*
Absent 59 (77.6) 11 (50.0) 48 (81.4) 22 (53.7)
Hemorrhage, n (%)
Present 3(3.9) 0 (0) 1.00% 3(5.1) 0(0) 0.267°
Absent 73 (96.1) 22 (100) 56 (94.9) 41 (100)
Ulceration, n (%)
Present 7(9.2) 7 (31.8) 0.0143 7(11.9) 8 (19.5) 0.3943
Absent 69 (90.8) 15 (68.2) 52 (88.1) 33(80.5)
Tumor location, n (%)
Colon 3(4.2) 1(4.5) 0.009° 1(1.7) 3(7.3) 0.0013
Duodenum 4 (5.5) 1(4.5) 4 (6.8) 3(7.3)
Esophagus 2 (2.7) 2(9.1) 1(1.7) 3(7.3)
Small intestine 6 (8.2) 8 (36.4) 1(1.7) 13 (31.7)
Stomach 58 (79.4) 10 (45.4) 52 (88.1) 19 (46.3)
Growth pattern, n (%)
Expansive 72 (94.7) 19 (86.4) 0.186° 55 (93.2) 37 (90.2) 0.7133
Infiltrative 4 (5.3) 3(13.6) 4 (6.8) 4 (9.8)

HPFs: High power fields, AFIP: Armed Force Institute of Pathology, NIH: National Institutes of Health. *Chi Square Test, 2Student
t test, *Fisher Exact test, “Mann-Whitney U test.
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Table 4. Multivariate logistic regression analysis for clinicopathologic features significantly associated with risk stratification and Ki-67 prolifera-
tion index and RacGAP1 expression in the univariate analysis

N ) . . e o . . . Ki-67 proliferation index RacGAP1 expression (negative,

AFIP criteria (low risk/high risk) Modified NIH criteria (low risk/high risk) (510%/210%) ppositive) (neg /

Univariate Multivariate analysis Univariate Multivariate analysis Univariate  Multivariate analysis  Univariate = Multivariate analysis

Pvalue Pvalue OR (95% CILB-UB) Pvalue P value OR (95% CI LB-UB) Pvalue P value ORL(B?SZO) ¢ Pvalue P value ORL(B?SZ,) ¢
Gender 0.809* - - 0.156* - - 0.618° - - 0.290° - -
Age 0.6172 - - 0.4342 - - 0.700? - - 0.2492 - -
Nuclear pleomorphism 0.0273 0.626 - 0.0013 0.590 - 0.0013 0.817 - 0.3143 - -
Hemorrhage 1.00° - - 0.2673 - - 1.00° - - 0.5493 - -
Necrosis 0.016* 0.363 - 0.003* 0.459 - 0.025° 0.599 - 0.363° - -
Ulceration 0.0143 0.016 51.7 (2.08-1287.12) 0.394° - - 0.036° 0.705 - 1.003 - -
Tumor location 0.009° 0.504 - 0.0013 0.385 - 0.016° 0.978 - 0.0473 0.309 -

Cellularity 0.009° 0.911 - 0.006° 0.296 - 0.065° - - 0.0183 0.023 2.21(0.66-7.38)

Growth pattern 0.1843 - - 0.7132 - - 0.1743 - - 0.713° - -
Cell type 0.694° - - 0.552° - - 0.3473 - - 0.0713 - -
Tumor size <0.001* 0.005 1.07 (1.02-1.13) <0.001* 0.033 1.75 (1.05-2.93) <0.001* 0.240 - 0.140* - -
Mitotic count <0.001* 0.900 - <0.001*  0.042 2347.85(1.33-4150482.35) <0.001* 0.002 1.73(1.23-2.43) <0.001* 0.536 -
RacGAP1 expression 0.043* 0.521 - 0.017* 0.250 - 0.2314 - - - - -
Ki 67 proliferation index  <0.0013 0.026 59.3(1.61-2184.01) <0.001* 0.065 - - - - 0.0173 0.177 -

Cl: confidence interval, LB: lower bound, UB: upper bound. *Chi Square Test, >Student t test, *Fisher Exact test, “Mann-Whitney U test. Dependent Variables: AFIP (O: low 1: high; Hosmer and Lemeshow test P=0.295; Model P<0.05), Modified
NIH (O: low 1: high; Hosmer and Lemeshow test p=1.00; Model P<0.05), Ki-67 (0:<10% 1:>10%; Hosmer and Lemeshow test P=0.209; Model P<0.05), RacGAP1 (O: negative 1: positive; Hosmer and Lemeshow test P=0.296; Model P<0.05).
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(210%) and positive RacGAP1 expression,
respectively (Table 4).

Discussion

Representing the first study in the literature
addressing the RacGAP1 expression in GISTs,
our findings confirmed the expression of the
RacGAP1 protein in 69.0% of overall cases and
in 89.4% of cases with high Ki-67 proliferation
index. High Ki-67 proliferation index was evi-
dent in 19.0% of overall cases and in 24.6% of
RacGAP1 positive cases. High-degree cellulari-
ty and high mitotic count were the only factors
that found to predict presence of RacGAP1
expression and high Ki-67 proliferation index,
respectively in multivariate analysis.

In a past study conducted with 57 GIST cases,
54% of patients were reported to be in the high
risk group based on tumor location, tumor size
and mitotic count with original NIH criteria and
AFIP criteria [8, 10, 21]. In another study with
249 GIST cases, high risk was reported in 47%,
moderate risk in 23%, low risk in 16% and very
low risk in 3% of patients based on modified
NIH criteria [9, 22].

In our study, risk stratification via modified NIH
risk criteria revealed two-fold higher preva-
lence of high risk category (41.0% vs. 22.0%)
as compared with AFIP criteria. This seems in
agreement with the re-classification of some
non-gastric GISTs formerly grouped as the
intermediate risk as the high risk group in mod-
ified NIH risk stratification as well as inclusion
of additional prognostic factors such as prima-
ry tumor site, non-radical resection and tumor
rupture [6, 23]. Besides, when compared to
AFIP system, NIH system has been considered
to over-grade gastric tumors and down-grade a
subset of non-gastric tumors [23].

Correlation between RacGAP1 upregulation
and high Ki-67 proliferation index was reported
in the past studies for various tumor types
including epithelial ovarian carcinomas, inva-
sive cervical cancer, high grade meningioma,
and lung neuroendocrine tumors [14-16].
Although RacGAP1 positivity was significantly
associated with tumor location, high mitotic
count, high-degree cellularity and high Ki-67
proliferation index in univariate analysis in our
study population, multivariate analysis findings
revealed that higher degree of cellularity (OR,
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2.21; 95% Cl, 0.66 to 7.38, P=0.023) was the
single determinant of RacGAP1 overexpre-
ssion.

Hence, while RacGAP1 expression was associ-
ated with poor prognostic factors such as high
mitotic count, high-degree cellularity and high
(210%) Ki-67 proliferation index and more likely
to be present in case of high risk than low-risk
status, multivariate analysis findings seem to
indicate lack of its prognostic significance apart
from prediction of high degree cellularity in
GISTs.

Notably, high-degree cellularity was not am-
ongst the determinants of high-risk category in
AFIP and modified NIH risk stratification in our
study. Hence, while RacGAP1 scores were sig-
nificantly higher in high risk than in low risk
groups, only one-third of patients and half of
patients with score 2-3 positive RacGAP1
expression were categorized into high-risk
group according to AFIP and modified NIH crite-
ria, respectively. This seems to indicate that
while high risk group patients are more likely to
have RacGAP1 overexpression, not every
patient with RacGAP1 overexpression is expect-
ed to be classified in high risk category in risk
stratification. Also, approximately 10% of our
patients with score 2-3 positive RacGAP1
expression were categorized into very-low risk
category. Given the association of RacGAP1
expression with poor prognostic factors in the
univariate analysis, this seems to emphasize
the uncertainty in consideration of a specific
tumor as definitely benign in risk stratification
systems which use the term “very low risk”
instead of “benign” [23]. Moreover, high
RacGAP1 expression in breast cancer was
reported to be associated with grade | and I
but not grade Ill tumors, indicating the likeli-
hood of the potential role of Rac function in the
early stages of tumor progression [24].

Accordingly, while RacGAP1 expression was not
associated with any of clinicopathological prog-
nostic factors other than high degree cellularity
in multivariate analysis, given that GISTs show
an unpredictable biological behavior and clini-
cal course [5], prognostic role of RacGAP1
expression in  GISTs should be further
addressed in larger cohorts.

Past studies reported diagnostic and prognos-
tic value of high Ki-67 proliferation index in
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GISTs [5, 21, 25]. Ki-67 proliferation was shown
to predict risk of metastasis and the malignant
potential of GISTs, while Ki-67 index over 10%
was associated with poor prognosis [25-30].

In a past study among patients with GISTs,
37.8% of patients in the overall study popula-
tion and 60% of the cases belonging to the high
risk group were reported to have Ki-67 prolifer-
ation index >10%, according to original NIH cri-
teria [21].

Although larger tumor size, higher mitotic count
and higher likelihood of RacGAP1 positivity,
high degree nuclear pleomorphism, necrosis,
ulceration and small intestinal location were
noted in patients with high (=10%) than with
low (<10%) Ki-67 proliferation index in our
study, multivariate analysis revealed that high
mitotic count (OR, 1.73; 95% CI, 1.23 to 2.43,
P=0.002) was the only factor predicting
increased risk of having high Ki-67 proliferation
index. Accordingly, 73.7% and 89.5% of our
patients with high (=10%) Ki-67 proliferation
index were categorized into the high risk group
via AFIP and modified NIH criteria, respectively.
This seems consistent with our multivariate
analysis findings which revealed higher Ki-67
proliferation index (OR, 59.3; 95% Cl, 1.61 to
2184.01, P=0.026) and higher mitotic count
(OR, 2347.85; 95% Cl, 1.33 to 4150482.35,
P=0.042) to be the determinants of high-risk
category in AFIP and modified NIH risk stratifi-
cation, respectively. It should also be noted
that none of the patients with high Ki-67 prolif-
eration index (=10%) were classified in the very
low risk category via modified NIH criteria and
only one patient was considered in the very-low
risk category according to AFIP criteria in our
study. Hence, albeit identified in lower percent-
age of GIST cases in our overall cohort when
compared to rate of RacGAP1 expression, high
Ki-67 index seems to be superior to RacGAP1
expression in terms of specificity for high risk
status.

Ki-67 has been suggested to be a non-location-
specific prognostic factor in a past study, based
on similarity of gastric and small-intestinal
GISTs in terms of Ki-67 values [5]. Authors also
considered lack of location specificity as an
advantage of Ki-67 index to mitotic index which
shows strong correlation with anatomic site of
tumor [5]. In contrast, albeit not confirmed in
multivariate analysis, higher prevalence of high
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Ki-67 index was associated with small intesti-
nal location in our univariate analysis, indicat-
ing the likelihood of a location specific action.

Amongst the factors shown to be associated
with higher likelihood of being categorized into
high-risk group in univariate analysis in both
models (higher RacGAP1 scores, mitotic count,
>10% Ki-67 proliferation index, high-degree
cellularity, high-degree nuclear polymorphism,
necrosis and tumor location), only larger tumor
size (OR, 1.07; 95% Cl, 1.02 to 1.13; P=0.005)
and higher Ki-67 proliferation index (OR, 59.3;
95% Cl, 1.61 to 2184.01, P=0.026) for AFIP cri-
teria and larger tumor size and higher mitotic
count for modified NIH criteria were found to
predict increased risk of high-risk status.

This seems consistent with consideration of
the tumor size and mitotic count as the most
important and reliable prognostic factors in
GISTs, while importance of primary tumor local-
ization has also been emphasized [5, 8, 10, 31,
32]. Indeed, univariate analysis in the present
study revealed tumor location and mitotic count
to be the two prognostic factors that showed
significant association with all of the parame-
ters studied including high risk status, high
Ki-67 proliferation index and positive RacGAP1
expression. However, tumor location was not
found to be a significant determinant for any of
these parameters in the multivariate analysis,
while mitotic count was a significant determi-
nant only for high Ki-67 proliferation index and
modified NIH based high risk status. This
seems consistent with expected correlation
between Ki-67 and mitotic activity index, as
suggested to be a prognostic factor for malig-
nant behavior in gastric GISTs [25, 33-36].

Stomach (40-60%) is considered as the most
common site of GISTs, as followed by small
bowel (30-40%), large bowel (5-15%), and
esophagus (2%) [1]. Although primary tumor
location was stomach in majority of cases in
our study, small intestinal location was more
likely in patients with high Ki-67 proliferation
index, positive RacGAP1 expression and high
risk status. This seems notable given the high-
er prevalence of clinically malignant behavior
and poorer prognosis reported in intestinal
GISTs than in gastric GISTs despite similar
diameter and mitotic activity [1, 9, 10, 21, 37,
38].

Int J Clin Exp Pathol 2017;10(12):11723-11736



RacGAP1 and Ki-67 expression in GISTs

In conclusion, to our knowledge, this is the first
study on the RacGAP1 expression in GISTs as
well as its association with clinicopathological
prognostic factors, Ki-67 proliferation index
and risk stratification. RacGAP1 positivity was
significantly associated with tumor location,
high mitotic count, high-degree cellularity and
high Ki-67 proliferation index in univariate anal-
ysis. In addition, multivariate analysis support-
ed the relation of higher degree of cellularity
and RacGAP1 overexpression in patients with
GISTs. While RacGAP1 scores were significantly
higher in high risk than in low risk groups, only
one-third and half of patients with RacGAP1
overexpression were classified into the high-
risk group based on AFIP and modified NIH cri-
teria, respectively and approximately 10% were
categorized into very-low risk group. However,
great majority of patients with high Ki-67 prolif-
eration index were categorized in the high risk
group along with multivariate analysis confirm-
ing the higher Ki-67 proliferation index and
higher mitotic count as the determinants of
high-risk category in AFIP and modified NIH risk
stratification, respectively. Accordingly, albeit
identified in a lower percentage of overall cases
in our cohort when compared to RacGAP1
expression, high Ki-67 index seems to be supe-
rior to RacGAP1 expression in terms of specific-
ity for high risk status in GISTs. Hence, given
the great heterogeneity and unpredictability of
behavior of GISTs, the utility of RacGAP1
expression as a potential predictive marker in
GISTs should be further explored and validated
in larger cohorts of risk stratified patients with
long-term follow-up data.
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