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Abstract

Gastrointestinal stromal tumors (GISTs) are the most frequent mesenchymal tumors of the gastrointestinal tract. Major advances in their
definition and classification and the understanding of their molecular mechanisms have recently been made. These advances have
become a model of targeted therapy in oncology. The diagnosis of GISTs relies on histological arguments — proliferation of spindle cells,
seldom of epithelioid cells or both spindle and epithelioid cells — and on immunohistochemical arguments — expression of CD117 usually
associated with CD34 expression. The evaluation of the prognosis is essential and based on a simple algorithm using two prognostic
parameters, tumor size and mitotic index. The aim of this paper is a complex histopathological assessment, using both classic and modern
(immunohistochemistry) techniques, of the GISTs comprised in the study. GISTs occur mainly in older adults (median age 60-69 years),
anywhere along the gastrointestinal tract but also retroperitoneal. Most of them were nodular (75%), tumor necrosis and mucosal
ulceration being the most frequent encountered secondary alterations; these modifications proved to be significantly correlated with large
tumor size and high malignancy. Immunohistochemical evaluation revealed that 77 (97%) cases of GISTs presented a positive reaction
for CD117, 50 (63%) cases were positive for CD34, 19 (24%) were positive for SMA and only 10 (13%) were positive for S100.
Immunohistochemical evaluation remains an important tool of pathology in the diagnosis of GISTs, in the differential diagnosis from other
gastrointestinal mesenchymal tumors and represents the gold standard for diagnosis of these tumors and an eligibility criterion for imatinib

therapy.
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=& Introduction

Immunohistochemical and molecular studies targeted
at gastrointestinal tumors with mesenchymal origin have
proved that a large number of these tumors arise from a
specific category of cells, the interstitial cells of Cajal,
and are called “gastrointestinal stromal tumors” (GISTs).
In a period of less than ten years, GISTs have evolved
from relative anonymity to a successful contender to
targeted molecular therapies [1]. At present, FDA has
established imatinib therapy as the first line of treatment
in metastatic, non-resectable or sub-optimally resected
GISTs [2-4]. Given that these tumors have a tendency
for multiple recidivisms over their evolution, there are
several 3™ phase studies that prove the utility of the
imatinib therapy in GISTs with a high degree of
malignancy [5, 6].

& Materials and Methods

We have carried out both a retrospective study based
upon pathology reports and a microscopic and immuno-
histochemical (IHC) reassessment of the cases.

The study group includes 79 cases of GIST, resulted

from reassessment of 51 cases previously diagnosed as
GIST, 51 cases of smooth muscle tumors (leiomyoma,
leiomyosarcoma) and 16 cases of peripheral nerve sheath
tumors (schwannoma, neurofibroma). Cases originate
from the Pathology Laboratory, Targu Mures, from the
period 2002-2008.

IHC staining was performed upon 0.3-0.4 pm thick
sections, on Polysine™ slides. Antigen retrieval was
achieved by using the HIER (Heat Induced Epitope
Retrieval) method. We selected the primary antibodies
based upon their sensitivity as retrieved from the
literature: CD117/c-kit (DAKO, 1:500), CD34 (Class 1,
clone QBEnd-10, DAKO, 1:50), SMA Ab-1 (LabVision,
1:200), S100 (DAKO, 1:400). The detection system used
was Ultra Vision LP Detection, System AP Polymer
(LabVision), the chromogen used was 3,3’-diamino-
benzidine and Hematoxylin was used for nuclear
counterstaining. IHC staining was performed in the
Department of Immunohistochemistry of the Pathology
Laboratory, Targu Mures, and in the Laboratory of
Immunohistochemistry of the Department of Histology
from the University of Medicine and Pharmacy of Téargu
Mures. Only the initials of the patients’ names were used
for identification, thus ensuring data confidentiality.
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In order to classify GISTs according to their degree
of malignancy, we used the most recommended and
widely accepted system, devised by an international
consensus on GIST diagnosis (Table 1) [7].

These data were included in a study sheet specially
conceived for data collection and coded into a
dictionary of variables for subsequent processing, which
comprised both a descriptive and a comparative analysis.
All statistic analyses were performed with the demo
version of the GraphPad InStat software and the 17"
version of SPSS program. Data were analyzed with the
help of test x> and Fisher’s Exact Test. Differences were
considered as statistical significant in cases with the
value of p parameter less than 0.05.

Table 1 — Criteria for GISTs malignancy degree
classification according to the 2002 International

Consensus
Degree of malignancy Tumor size Mitotic index
Very low <2cm <5/50 HPF
Low 2-5cm <5/50 HPF
Intermediate <5cm 6-10/50 HPF
5-10 cm <5/50 HPF
>5cm >5/50 HPF
High >10 cm indifferent
any size >10/50 HPF
= Results

Establishment of study group

After interpretation of IHC reactions, into those
three types of mesenchymal tumors, we obtained the
following immunohistochemical profiles:

* Tumors with CD117+, CD34+, SMA+ and S100+:
in 45 cases of GIST, 26 cases of smooth muscle tumors
and six cases of neural tumors; so, in these cases the
proposed diagnoses was certainly that of GIST.

* Tumors with CD117+, CD34+, SMA+ and S100+:
observed in two cases of GIST, cases in which the
diagnoses of GIST was suspected. To support this
diagnostic further investigations with other antibodies
(vimentin, desmin, NSE, CK) are required, and based on
the results the diagnostic of GIST was proposed.

» Tumors with CD117-, CD34-, SMA+ and S100-:
observed in three cases of GIST and 25 cases of smooth
muscle tumors, in that was proposed the diagnosis of
tumor of muscular origin.

* Tumors with CD117-, CD34-, SMA- and S100+:
observed in one case of GIST and 10 cases of neural
tumors, in which the diagnosis of peripheral nerve
sheath tumors was proposed.

GISTs general features

Concerning the GISTs age distribution, we noticed
that persons over 50-year-old were the most affected,
with a peak of incidence in the 60-69-year-old group
(Figure 1).

According to our descriptive analysis, the mean
patient age was 59.94 years, with the youngest patient
being 30-year-old and the oldest 95-year-old. Case
distribution according to gender was almost identical
between groups, with 40 female and 39 male patients.
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Figure 1 — Case distribution according to age group.

Macroscopic features in GISTs

Several macroscopic features were followed in our
study: maximum tumor size, tumor localization within
different segments of the digestive tract or retro-
peritoneal, macroscopic aspect, secondary alterations on
the cross-section surface or ulceration of the mucosal
layer.

Regarding the maximum tumor size, in 39% of the
cases, tumors were large, with dimensions between
5 and 10 cm, and in 32 cases, their size was medium,
comprised between 2 and 5 cm. At the extremes,
we found 11% of the tumors to be under 2 c¢cm and,
respectively, 18% had sizes over 10 cm.

From the localizations point of view, the most
involved organ was the stomach (30 cases), followed by
the small intestine (21 cases). The rarest localization of
the primary tumor was the esophagus (two cases) and
the large intestine (eight cases). Eighteen cases from the
total of 79 comprised in our study were retroperitoneal,
thus rendering this particular localization a rather rare
occurrence. We followed the distribution of the small
intestine primary tumors according to its segments. Half
of these 21 cases were situated within the duodenum
(10 cases), six in the jejunum and five in the ileum.

Macroscopically, 75% of the tumors were nodular
(single or multiple nodules), 15% were exophytic, and
few were polypoid (6%) or infiltrative (4%). Most
tumors had a whitish color (81%), others were grayish
(11%) or, less frequently, brown (5%). The cross-
sectional surfaces of the tumors were assessed in order
to identify macroscopic secondary alterations (tumor
necrosis, mucosal ulceration, cystic degeneration,
myxoid areas, hemorrhage, and calcifications). The
most frequently encountered modification was tumor
necrosis (33 cases), which significantly correlated
with tumor size (p=0.0217). Mucosal ulceration was
encountered in 24 of the 61 cases, and it also
significantly correlated with tumor size (p=0.0358).

Microscopic features in GISTs

We assessed several microscopic features of the
GISTs, as follows: tumor localization within the wall
of the digestive tract, morphologic features, general
secondary features in tumor development and metastases.

Microscopic localization within the wall of the
digestive tract was assessed through careful examination
of the histological sections pertaining to each case. Most
of the tumors (34 cases) involved the whole thickness of
the digestive tract segment they were located in. Smaller
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tumors involved the submucosal layer (12 cases) or the
muscularis propria (18 cases). GISTs located within the
serosa were extremely rare. We encountered only one
case of such tumor.

The study of the morphologic features revealed that
most GISTs were spindle-cell tumors (67%) (Figure 2),
followed by tumors with epithelioid arrangement (13%).
9% of the cases were mixed tumors (spindle cell and
epithelioid) and myxoid forms, respectively, and in two

Figure 2 — GIST with spindle-cell features, ob. 10 x.
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When analyzing the relationship between the tumors
microscopic features and their localization, we noticed
that the spindle-cell aspect prevails in all localizations,
including the retroperitoneal one, while epithelioid and
myxoid GISTs are more characteristic for the stomach.
Signet ring cell GISTs appeared exclusively within the
small intestine, while mixed aspects were slightly
predominant at this location. Since most GISTs were
either spindle-cell or epithelioid, we analyzed the
distribution of these architectural features linked to the
tumors’ localization and have found no statistically
significant difference between them.

We have encountered only one case of synchronous
digestive tract tumors in our study, since these
tumors are very rare. The GIST/GANT (gastrointestinal
autonomic nerve tumors) variant, described as a tumor
with particular microscopic features (aspects of neural
differentiation), was present in 16% of the GISTs.

The general secondary features followed in our
study were cyto-nuclear pleomorphism, the presence of
giant multinucleated cells and inflammatory infiltrate,
the presence of metastases and secondary tumors in the
surrounding structures. 39% of the cases had cyto-
nuclear pleomorphism, while we encountered giant
multinucleated cells in only nine tumors. As in 54% of
the tumors the inflammatory infiltrate was present, we
assessed this secondary feature in relationship with
tumor size and found a statistically significant
correlation (p=0.0445) between these two elements.
Metastases were present in seven cases, of which three
were hepatic and four located in the lymph nodes. Local
metastases were assessed by determining the location of
the primary tumor in relation with microscopically
identical nodules located elsewhere. Thus, we defined a
local metastasis as the presence of epiploic nodules with
a primary tumor located within the stomach, or a
primary tumor located in the intestine with secondary

tumors within the mesentery and vice versa. According
to these criteria, we found six such cases, of which in
five the primary tumor was located in the intestine and
the secondary tumor nodules within the mesentery, and
in one case the primary tumor was within the stomach
and had secondary tumor nodules within the omentum.

Assesment of malignancy degree in GISTs

We studied the malignancy potential of the tumors
based upon literature data. The two major criteria for
warranting GISTs a certain degree of malignancy were
the number of mitoses per 50 high power fields (HPF)
and the maximum size of the tumor, given by the largest
dimension of the tumor expressed in mm.

The number of mitoses was very carefully assessed,
given its value as a major prognostic factor. An
impressive 32% of the GISTs analyzed had a high
mitotic activity (more than 10 atypical mitoses/50 HPF)
at the time of diagnosis (Figure 3).
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Figure 3 — GIST distribution according to the
number of mitoses.

Descriptive analysis showed that in the group of
GISTs with <5 mitoses/5S0 HPF the average number of
mitoses was approximately 2/50 HPF, in the group with
5-10 mitoses /50 HPF it was 7.52 mitoses/50 HPF, and
in the group with >10 mitoses/50 HPF the average
number of mitoses was 22.8/50 HPF.

The results regarding maximum tumor size as the
second major prognostic factor were described above,
within the subchapter concerning macroscopic features
in GISTs (Table 2).

Table 2 — Descriptive analysis of tumor size in GISTs

Tumor size [mm]

. . Mean No. of
Minimum  Maximum
value cases
GIST <2cm 6 15 11.22 9
GIST 2-5¢cm 20 50 36.12 25
GIST 5-10cm 51 100 76.45 31
GIST>10cm 105 200 140.35 14

There was no statistically significant correlation
between the number of mitoses and maximum tumor
size (p=0.2462760 — p=0.623958).

Based upon these two major criteria, the tumors
included in our study were classified as follows: seven
cases (9%) were GISTs with very low degree of
malignancy, 17 (21%) were GISTs with low degree of
malignancy, and 18 (23%) were GISTs with
intermediate degree of malignancy. The bulk of the
cases (37/47%) were GISTs with high degree of
malignancy. The correlation between the number of
mitoses and the malignancy degree of the tumors
revealed a statistically significant difference between
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the number of mitoses in tumors with very low degree
of malignancy and those with intermediate malignancy
(p=0.026), respectively tumors with high degree of
malignancy (p<0.05). Similarly, we found a statistically
significant difference between the number of mitoses
in tumors with a high degree of malignancy and
those with intermediate degree (p=0.0002) and with a
low malignancy (p<0.05), respectively. There was a
statistically significant correlation between the degree of
malignancy and tumor size in all cases (p<0.05).

We attempted to ascertain several secondary criteria
that would be useful in classifying GISTs into different
degrees of malignant potential by assessing correlations
between these criteria and various morphologic features
of the tumors. Regarding patients’ age as a determining
factor of malignancy in GISTs, we found that the
number of intermediate and highly malignant tumors
grows progressively towards the mean age of 60 years,
reaching a peak in the 60-69-year-old group, after
which it decreases. There was no statistically significant
correlation between age and the degree of malignancy
(p=0.4585). Patients’ gender and malignancy degree
showed no statistically significant correlation between
them (p=0.2647). No statistically significant correlation
appeared between the degree of malignancy and tumor
localization (Figure 4), excepting retroperitoneal and
small intestine GISTs (p=0.039).
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Figure 4 — Case distribution according to malignancy
degree and localization.

Tumor invasion of the mucosa was absent in very
low malignancy GISTs, but showed a progressive
increase in the other degrees of malignancy. Thus, from
the total of 24 cases two were low malignancy GISTs,
six were intermediate malignancy GISTs, and 16 were
highly malignant GISTs. Comparative statistical analysis
revealed a statistically significant difference between
very low (p=0.0303) and low (p=0.0370) malignancy
tumors vs. highly malignant tumors. Relative risk
was very low (=0.2667 and r=0.000, respectively).
Although no significant value was revealed by statistical
analysis in the case of intermediate and high malignancy
GISTs, relative risk was high (=0.7500).

The comparison between tumor necrosis and the
degree of malignancy showed that the presence of the
former increases steadily with the latter. Necrosis was
absent in all very low malignancy GISTs but present
in four low malignancy GISTs, eight intermediate
malignancy GISTs and 21 high malignancy GISTs.
Comparative statistical analysis revealed a statistically
significant difference between very low (p=0.0386) and
low (p=0.0094) malignancy and, respectively, high

malignancy GISTs. Nevertheless, relative risk was low
(r=0.3569 and r=0.000, respectively). The comparison
between intermediate and high malignancy GISTs
yielded no statistically significant difference, with a
high relative risk (+=0.7172).

Assessment of GIST immunohistochemical
features

In order to study the immunohistochemical features
of the GISTs we used two categories of antibodies:
some with high specificity for GISTs, such as CD117
and CD34, and others for differential diagnosis, namely
SMA (specific for smooth muscle tumors) and S100
(specific for peripheral nerve sheath tumors), since these
two types of tumors are most oftenly misdiagnosed as
GISTs.

Seventy-seven of our 79 cases of GISTs were CD117
positive (Figure 5), with only two negative tumors. This
yields a 97% rate of positivity, demonstrating a high
specificity for this type of tumors (s=0.9746).
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Figure 5 — GIST with
positive stain, ob. 20x.
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CD34 stain was positive in 50 cases (Figure 6) and
negative in 29 cases, showing a 63% rate of positivity
and thus a moderate specificity (s=0.6329). Only 19 of
79 cases showed positivity for SMA, with the remaining
60 cases being SMA-negative. The rate of positivity
was, therefore, 24%, which translates into a low
specificity (s=0.2405). 13% of the tumors were S100-
positive (10 cases), while 87% were negative, yielding a
very low specificity for GISTs (s=0.1265).
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Figure 6 — GIST, CD34 positive stain, ob. 10x.
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Immunoexpression assessment of the four antibodies
in relation to the macroscopic localization of the tumor
(Table 3), did not revealed a statistically significant
interrelation between the two evaluated parameters.

Likewise, we have not found a statistically significant
correlation in case of the malignity degree of GISTs and
immunoexpression of the antibodies (Table 4) included
in the study.

Table 3 — Immunoexpression assessment of the four antibodies in relation to the macroscopic localization of the

tumor
Localization coi7 CD34 SMA S100 Total
- + - + - + - +

Esophagus 0 2 (2.6%) 1(3.4%) 1(2%) 1(1.7%) 1(5.3%) 2(2.9%) 0 2

Stomach 1(50%) 29 (37.7%) 9(31%) 21(42%) 25(41.7%) 5(26.3%) 28 (40.6%) 2 (20%) 30

Small intestine 0 21(27.3%) 8(27.6%) 13(26%) 14(23.3%) 7(36.8%) 15(21.7%) 6 (60%) 21

Large intestine 1 (50%) 7 (9.1%) 4 (13.8%) 4 (8%) 5(8.3%) 3(15.8%) 7(10.1%) 1(10%) 8

gastrgﬁtr:stinal 0 18 (23.4%) 7 (241%) 11(22%) 15(25%) 3(15.8%) 17 (24.6%) 1 (10%) 18

Total 2 77 29 50 60 19 69 10 79

p 0.425 0.850 0.411 0.280

Table 4 — Correlation of the malignity degree of GISTs with immunoexpression of the antibodies included in the study

Grade CD117 CD34 SMA $100 Total
- + - + - + - +

1 0 7(91%) 1(3.4%) 6 (12%) (6.7%) 3(15.8%)  5(72%) 2 (20%) 7

2 0 17 (22.1%) 6(20.7%) 11(22%) 14 (23.3%) 3(15.8%) 16 (23.2%) 1 (10%) 17

3 1(50%) 17 (22.1%) 5(17.2%) 13(26%) 15(25%) 3(15.8%) 16 (23.2%) 2 (20%) 18

4 1(50%) 36 (46.8%) 17 (58.6%) 20 (40%) 27 (45%) 10 (52.6%) 32 (46.4%) 5 (50%) 37
Total 2 77 29 50 60 19 69 10 79

p 1 0.350 0.501 0.478
Due to the high and, respectively, moderate rendering them the cornerstone of tumor evolution

specificity of CD117 and CD34 in the positive diagnosis
of GISTs, we attempted to assess the expression of these
antibodies in relationship with the tumors’ microscopic
features. Our results revealed a statistically significant
difference between the two antibodies when taking into
account the most frequent microscopic forms (Table 5),
i.e., spindle cell, epithelioid and mixed tumors.

Table 5 — Statistical assessment of immunoexpression
of CD117vs. CD34 in most frequent microscopic forms

CD117 vs. CD34 Sensitivity p-value
Spindle-cell 0.5795 0.0005
Epitheloid 0.7143 0.0108
Mixed 0.7778 0.0210
Signet ring cells 0.6667 1.0000
Myxoid 0.5385 1.0000

= Discussion

The last decade was a very controversial period for
GISTs, in which immunohistochemical and molecular
biology methods of study have established important
diagnostic, prognostic and treatment criteria for these
mesenchymal tumors [8]. The advent of new high
specificity and sensitivity antibodies in current practice
has allowed the establishment of GISTs immunohisto-
chemical profile, which is a very important positive
diagnosis criterion [9-13]. Genetic studies have
described the most frequent mutations in GISTs,

assessment and therapy management according to
specific mutations present in each GIST case [14-16].

We assessed within our study a series of specific and
non-specific GIST features and compared our results
with data in the literature.

After analyzing the data regarding general GIST
features, we can conclude that these tumors appear
predominantly after 50-year-old, with a maximum
incidence around 60-year-old, and they do not have a
predilection for any of the genders [16—19].

GISTs can appear in any segment of the digestive
tract, involving the stomach, the small intestine, the
esophagus and the large intestine in decreasing order of
frequency [15, 20]. These tumors can also involve the
retroperitoneum [21, 22]. Data in the literature shows
that, as far as the small intestine is concerned, the most
frequent localization is the jejunum, followed by the
ileum and duodenum [23, 24]. In our study, however,
this distribution was different. Thus, of the 20 GISTs
located in the small intestine, half were situated in the
duodenum, followed by those in the jejunum and ileum,
with an insignificant difference between the latter.

From the macroscopic point of view, most of the
tumors in our study were nodular (single or multiple),
whitish tumors. The majority of cases had secondary
non-specific alterations of the cross-section surface,
with the most frequent being tumor necrosis [25,
26]. We established that this modification involves
tumors over 5 cm in size. Cases with cystic and
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myxoid degeneration were rare, and hemorrhage and
calcifications were exceptional. In tumors located in the
gastrointestinal tract, macroscopically visible mucosal
ulceration also pertained to tumors larger than 5 cm.

Microscopic case assessment revealed that most
tumors (34 cases) involved the whole thickness of the
gastrointestinal wall [17, 26]. This finding can be
explained by the fact that GISTs have a silent clinical
evolution that allows tumors to attain rather large
dimensions, as also revealed in our study, wherein most
GISTs were larger than 5 cm. Smaller tumors tend to
involve first the muscularis propria and than the
submucosa. The most frequent cytomorphologic aspect
was that of spindle-cell tumors, followed by epithelioid
tumors. Other variants appeared less frequently or
exceptionally (GANT) [26].

Assessment of the general secondary microscopic
features revealed that cytonuclear pleomorphism and
giant multinucleated cells were not common in GISTs
[16, 17], but chronic inflammatory infiltrate appeared in
over half of the cases in our study. Comparative analysis
between the presence of inflammatory infiltrate and
tumor size showed that this feature appears in tumors
over 5 cm in size. Metastases were rare but, although
they were statistically non-significant, their localization
contradicted the data available in the literature. Thus,
even though GISTs rarely metastasize, they are reported
to do so mainly in the liver and exceptionally in lymph
nodes [27, 28]. This difference is probably explained by
the fact that our study was carried out within a period in
which the diagnosis of GIST was a relatively novel and
rather unaccepted concept in Romania and, as such, it
was misdiagnosed as other pathologic entities. We tend
to believe that, due to these circumstances, there might
have been cases in which patients were not subjected to
targeted paraclinical investigations and the presence of
metastases was overlooked.

From the malignancy criteria standpoint, most cases
were larger than 5 cm and had a high mitotic activity.
Nevertheless, we have not been able to establish a
statistically significant correlation between these two
factors. These results point to the fact that a small tumor
can have a high mitotic activity and thus it can be
classified as highly malignant and, conversely, that a
large tumor does not always show a high mitotic
activity or a high degree of malignancy. Hence, these
two criteria of malignancy cannot be used individually,
and must always be assessed in conjunction to one
another. Literature also reports cases of small tumors
with high mitotic activity that recidivate and metastasize
in the liver or vice versa [29, 30].

A small number of cases classified according to the
two previous criteria in our study fell into the category
of very low malignancy GISTs. In exchange, a large
number of tumors were highly malignant. As previously
noted, this distribution is explained by the late
appearance of clinical symptoms, which are non-
specific, hence a late presentation of the patients for
investigation and treatment. Descriptive statistic
analysis of the number of mitoses in relationship with
the degree of malignancy revealed that in the group of
high malignancy GISTs the minimum number of

mitoses was 2/50 HPF. This is an indicative of the fact
that tumors over 10 cm in size but with low mitotic
activity can also be included in the high malignancy
GIST category, on the grounds of dimension criteria.
Descriptive analysis of tumor sizes in various
malignancy degree groups drew our attention on the
intermediate and high malignancy tumors, whose
minimum sizes were lower than the value assigned for
very low malignancy tumors. Thus, the size of the
smallest intermediately malignant GIST was 15 mm,
whereas the smallest highly malignant GIST size was
12 mm.

We tried to establish a series of correlations between
the degree of malignancy and various other parameters
in order to ascertain the value of several potential
secondary prognostic factors.

Some authors considered as additional prognostic
factors in correlation with malignity the young age,
female gender, small or large intestine GISTs, necrosis
and invasion of the mucosa may be considered as
additional prognostic factors [30-32]. In our study, only
the invasion of the mucosa and tumor necrosis correlated
with the degree of malignancy. A comparative approach
revealed a statistically significant difference between
the degrees of malignancy and small intestine and
retroperitoneal localization of the tumor, respectively. In
GISTs located in the small intestine, the ratio between
low and high malignancy GISTs was 1:1, whereas no
retroperitoneal GIST was classified as a very low
malignancy tumor, one case was a low malignancy
GIST, one was an intermediate malignancy GIST
and 12 were highly malignant. We can conclude that
retroperitoneal GISTs are most frequently very
aggressive tumors. This conclusion also applies to
GISTs located in the stomach and in the large intestine.

In our study, the number of tumors infiltrating the
mucosa increased in parallel with the degree of
malignancy and there was a statistically significant
difference in the appearance of this infiltration between
low and, respectively, high malignancy GISTs. The
relative risk was also low, which denotes that an
infiltrating tumor is very unlikely to be classified as a
low malignancy GIST. Within the same context,
although no statistically significant difference appeared
between intermediate and high malignancy tumors, the
relative risk was high, meaning that it is more likely for
a tumor that invades the mucosa to be classified as
highly rather than intermediately malignant.

We obtained similar results after the comparative
analysis of the degrees of malignancy and tumor
necrosis. Some authors include necrosis as a factor
denoting a highly malignant tumor when grading GISTs
[28, 30, 33].

Analysis of the immunohistochemical features show
that, due to its positivity in a large number of cases,
CD117 is a highly specific marker in the positive
diagnosis of these tumors, a fact that results also from
the comparative study carried out between the four
antibodies evaluated in the three categories of
mesenchymal tumors included in our study [28, 34].
Since CD34 positivity was lower, this antibody can be
used as an additional, less specific marker, which can be
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nevertheless used when CD117 staining is focal, overall
reduced or absent. The comparative study of these two
antibodies when taking into account the microscopic
features of the tumor also revealed a statistically
significant difference between them. As far as SMA and
S100 were concerned, they are less useful in the positive
diagnosis of GISTs but are highly valuable in
differentiating these tumors from the macro- and
microscopically similar smooth muscle tumors and
peripheral nerve sheath tumors [10, 23, 35].

& Conclusions

Although GISTs are rare tumors, they represent an
important tumor category of mesenchymal origin with
gastrointestinal localization due to the importance of a
correct histopathological diagnostic, with direct
implications on the prognosis and subsequent treatment
of patients with such a tumor. Following our study, we
may conclude that GISTs develop most frequently in
persons around 60-year-old and localize mainly in the
stomach. From microscopic point of view, most
frequently they take the appearance of a spindle cell
tumor, with low cytonuclear pleomorphism, while large
sized tumors show an abundant chronic inflammatory
infiltrate. The most correct appreciation of the
malignancy character can be performed by using the
two major criteria of classification: maximum size of
the tumor and the number of atypical mitoses, criteria to
that, based on our study, minor classification criteria
could be added like tumor invasion of the mucosa and
presence of tumor necrosis. The final diagnosis of
GISTs is based on the immunoexpression of CD117 and
CD34. SMA and S100, specific markers for smooth
muscle tumors and peripheral nerve sheath tumors, that
may have a very similar microscopic appearance with
GISTs, were expressed in a much smaller percentage,
their usefulness being reflected in the differential
diagnosis of these tumors.

Acknowledgements

This work was supported partially by Grant
for Scientific Research from CNCSIS—-PNII-Human
Resources, TD-type, CNCSIS code 531, Contract No.
541/2007.

References

[11 Kitamura Y, Gastrointestinal stromal tumors: past, present,
and future, J Gastroenterol, 2008, 43(7):499-508.

[2] Antonescu CR, Targeted therapy of cancer: new roles for
pathologists in identifying GISTs and other sarcomas, Mod
Pathol, 2008, 21(Suppl 2):S31-S36.

[3] Blanke CD, Rankin C, Demetri GD, Ryan CW, von Mehren M,
Benjamin RS, Raymond AK, Bramwell VH, Baker LH,
Maki RG, Tanaka M, Hecht JR, Heinrich MC, Fletcher CD,
Crowley JJ, Borden EC, Phase Il randomized, intergroup
trial assessing imatinib mesylate at two dose levels in
patients with unresectable or metastatic gastrointestinal
stromal tumors expressing the kit receptor tyrosine kinase:
S0033, J Clin Oncol, 2008, 26(4):626—-632.

[4] Nowain A, Bhakta H, Pais S, Kanel G, Verma S, Gastro-
intestinal stromal tumors: clinical profile, pathogenesis,
treatment strategies and prognosis, J Gastroenterol Hepatol,
2005, 20(6):818-824.

[5] Demetri GD, Benjamin RS, Blanke CD, Blay JY, Casali P,
Choi H, Corless CL, Debiec-Rychter M, DeMatteo RP,
Ettinger DS, Fisher GA, Fletcher CD, Gronchi A,
Hohenberger P, Hughes M, Joensuu H, Judson I, Le Cesne
A, Maki RG, Morse M, Pappo AS, Pisters PW, Raut CP,
Reichardt P, Tyler DS, Van den Abbeele AD, von Mehren M,
Wayne JD, Zalcberg J; NCCN Task Force, NCCN Task
Force Report: Management of patients with gastrointestinal
stromal tumors (GIST) — update of the NCCN clinical practice
guidelines, J Natl Compr Canc Netw, 2007, 5(Suppl! 2):S1-
S29; quiz S30.

[6] Fletcher CD, Berman JJ, Corless C, Gorstein F, Lasota J,
Longley BJ, Miettinen M, O’Leary TJ, Remotti H, Rubin BP,
Shmookler B, Sobin LH, Weiss SW, Diagnosis of gastro-
intestinal stromal tumors: a consensus approach, Hum
Pathol, 2002, 33(5):459-465.

[7] Joensuu H, Fletcher CD, Dimitrijevic S, Silberman S,
Roberts P, Demetri G, Management of malignant gastro-
intestinal stromal tumours, Lancet Oncol, 2002, 3(11):655—
664.

[8] Rudolph P, Chiaravalli AM, Pauser U, Oschlies I,
Hillemanns M, Gobbo M, Marichal M, Eusebi V, Hofler H,
Capella C, Kléppel G, Gastrointestinal mesenchymal
tumors — immunophenotypic classification and survival
analysis, Virchows Arch, 2002, 441(3):238-248.

[9] Hornick JL, Fletcher CD, Validating immunohistochemical
staining for KIT (CD117), Am J Clin Pathol, 2003,
119(3):325-327.

[10] Kuhlgatz J, Sander B, Golas MM, Gunawan B, Schulze T,
Schulten HJ, Wardelmann E, Flzesi L, Differential diagnosis
of gastrointestinal leiomyoma versus gastrointestinal stromal
tumor, Int J Colorectal Dis, 2006, 21(1):84-88.

[11] Kwon MS, Lee SS, Ahn GH, Schwannomas of the gastro-
intestinal tract: clinicopathological features of 12 cases
including a case of esophageal tumor compared with those
of gastrointestinal stromal tumors and leiomyomas of the
gastrointestinal tract, Pathol Res Pract, 2002, 198(9):605—
613.

[12] Sarlomo-Rikala M, Kovatich AJ, Barusevicius A, Miettinen M,
CD117: a sensitive marker for gastrointestinal stromal
tumors that is more specific than CD34, Mod Pathol, 1998,
11(8):728-734.

[13] Kang YN, Jung HR, Hwang |, Clinicopatological and
immunohistochemical features of gastrointestinal stromal
tumors, Cancer Res Treat, 2010, 42(3):135-143.

[14] Agaram NP, Besmer P, Wong GC, Guo T, Socci ND,
Maki RG, DeSantis D, Brennan MF, Singer S, DeMatteo RP,
Antonescu CR, Pathologic and molecular heterogeneity
in imatinib-stable or imatinib-responsive gastrointestinal
stromal tumors, Clin Cancer Res, 2007, 13(1):170-181.

[15] Lasota J, Corless CL, Heinrich MC, Debiec-Rychter M,
Sciot R, Wardelmann E, Merkelbach-Bruse S, Schildhaus
HU, Steigen SE, Stachura J, Wozniak A, Antonescu C,
Daum O, Martin J, Del Muro JG, Miettinen M, Clinico-
pathologic profile of gastrointestinal stromal tumors (GISTs)
with primary KIT exon 13 or exon 17 mutations: a multi-
center study on 54 cases, Mod Pathol, 2008, 21(4):476—
484.

[16] Miettinen M, Lasota J, Gastrointestinal stromal tumors:
review on morphology, molecular pathology, prognosis
and differential diagnosis, Arch Pathol Lab Med, 2006,
130(10):1466—-1478.

[17] Fenoglio-Preiser CM, Noffsinger AE, Stemmermann GN,
Lantz PE, Isaacson PG (eds), Gastrointestinal pathology: an
atlas and text. Mesenchymal tumors, 3" edition, Lippincott
Williams & Wilkins, 2008, 1203-1265.

[18] Fulép E, Marcu S, Milutin D, Borda A, Gastrointestinal
stromal tumors: review on morphology, diagnosis and
management, Rom J Morphol Embryol, 2009, 50(3):319—
326.

[19] Miettinen M, Lasota J, Gastrointestinal stromal tumors

(GISTs): definition, occurrence, pathology, differential
diagnosis and molecular genetics, Pol J Pathol, 2003,
54(1):3-24.

[20] Miettinen M, Sarlomo-Rikala M, Sobin LH, Lasota J,
Esophageal stromal tumors: a clinicopathologic, immuno-
histochemical, and molecular genetic study of 17 cases
and comparison with esophageal leiomyomas and leiomyo-
sarcomas, Am J Surg Pathol, 2000, 24(2):211-222.




562 Eméke Flilop et al.

[21] Franzini C, Alessandri L, Piscioli I, Donato S, Faraci R,
Morelli L, Del Nonno F, Licci S, Extra-gastrointestinal
stromal tumor of the greater omentum: report of case and
review of the literature, World J Surg Oncol, 2008, 6:25.

[22] Llenas-Garcia J, Guerra-Vales JM, Moreno A, Ibarrola C,
Castelbon FJ, Fernandez-Ruiz M, Meneu JC, Ballestin C,
Moreno E, Primary extragastrointestinal stromal tumors
in the omentum and mesentery: a clinicopathological and
immunohistochemical study, Hepatogastroenterology, 2008,
55(84):1002—-1005.

[23] Miettinen M, Kopczynski J, Makhlouf HR, Sarlomo-Rikala M,
Gyorffy H, Burke A, Sobin LH, Lasota J, Gastrointestinal
stromal tumors, intramural leiomyomas, and leiomyo-
sarcomas in the duodenum: a clinicopathologic, immuno-
histochemical, and molecular genetic study of 167 cases,
Am J Surg Pathol, 2003, 27(5):625-641.

[24] Miettinen M, Makhlouf HR, Sobin LH, Lasota J, Gastro-
intestinal stromal tumors of the jejunum and ileum: a clinico-
pathologic, immunohistochemical, and molecular genetic
study of 906 cases before imatinib with long-term follow-up,
Am J Surg Pathol, 2006, 30(4):477-489.

[25] Coindre JM, Emile JF, Monges G, Ranchére-Vince D,
Scoazec JY, Gastrointestinal stromal tumors: definition,
histological, immunohistochemical, and molecular features,
and diagnostic strategy, Ann Pathol, 2005, 25(5):358-385;
quiz 357.

[26] Fletcher CDM (ed), Diagnostic histopathology of tumors.
Soft tissue tumors, 3™ edition, Churchill Livingstone Elsevier,
2007, 1527-1593.

[27] Agaimy A, Gastrointestinal stromal tumors (GIST) from risk
stratification systems to the new TNM proposal: more
questions than answers? A review emphasizing the need
for a standardized GIST reporting, Int J Clin Exp Pathol,
2010, 3(5):461-471.

[28] Wong NA, Young R, Malcomson RD, Nayar AG,
Jamieson LA, Save VE, Carey FA, Brewster DH, Han C,
Al-Nafussi A, Prognostic indicators for gastrointestinal
stromal tumours: a clinicopathological and immunohisto-
chemical study of 108 resected cases of the stomach,
Histopathology, 2003, 43(2):118—126.

Corresponding author

[29] lesalnieks I, Rimmele P, Dietmaier W, Jantsch T, Zllke C,
Schlitt HJ, Hofstadter F, Anthuber M, Factors associated
with disease progression in patients with gastrointestinal
stromal tumors in the pre-imatinib era, Am J Clin Pathol,
2005, 124(5):740-748.

[30] Hon YY, Lu SH, Zhou Y, Xu JF, Ji Y, Hou J, Qi WD,
Shi Y, Tan YS, Zhu XZ, Predictive values of clinical and
pathological parameters of malignancy of gastrointestinal
stromal tumors, Histol Histopathol, 2009, 24(6):737—747.

[31] DeMatteo RP, Gold JS, Saran L, Génen M, Liau KH,
Maki RG, Singer S, Besmer P, Brennan MF, Antonescu CR,
Tumor mitotic rate, size, and location independently predict
recurrence after resection of primary gastrointestinal
stromal tumor (GIST), Cancer, 2008, 112(3):608-615.

[32] Rutkowski P, Nowecki ZI, Michej W, Debiec-Rychter M,
Wozniak A, Limon J, Siedlecki J, Grzesiakowska U,
Kakol M, Osuch C, Polkowski M, Gtuszek S, Zurawski Z,
Ruka W, Risk criteria and prognostic factors for predicting
recurrences after resection of primary gastrointestinal
stromal tumor, Ann Surg Oncol, 2007, 14(7):2018-2027.

[33] Miettinen M, EI-Rifai W, Sobin HL, Lasota J, Evaluation
of malignancy and prognosis of gastrointestinal stromal
tumors: a review, Hum Pathol, 2002, 33(5):478-483.

[34] Miettinen M, Majidi M, Lasota J, Pathology and diagnostic
criteria of gastrointestinal stromal tumors (GISTs): a review,
Eur J Cancer, 2002, 38(Suppl 5):S39-S51.

[35] Hou YY, Tan YS, Xu JF, Wang XN, Lu SH, Ji Y, Wang J,
Zhu XZ, Schwannoma of the gastrointestinal tract: a clinico-
pathological, immunohistochemical and ultrastructural study
of 33 cases, Histopathology, 2006, 48(5):536-545.

Emd&ke Fuldp, University Assistant, MD, PhD, Department of Histology, University of Medicine and Pharmacy
of Targu Mures, 38 Gheorghe Marinescu Street, 540142 Targu Mures, Romania; Phone +40722-365 736, e-mail:

emifulop@yahoo.com

Received: January 10", 2011

Accepted: May 20", 2011





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


