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In the past 5 years, there has been a paradigm shift
in our understanding of gastrointestinal stromal tu-
mors (GISTs). Once thought to be smooth muscle
tumors, these uncommon neoplasms are now
thought to differentiate along the lines of interstitial
cells of Cajal, the pacemaker cells of the gut. Along
with this understanding comes an exciting new
drug therapy (Gleevec) that for the first time offers
real hope to patients with malignant stromal tu-
mors. Overall, approximately 60–70% of stromal
tumors are from the stomach, 20–30% are from the
small intestine, and <10% come from the esopha-
gus, colon, rectum, omentum, and mesentery. Be-
tween 10 and 30% of GISTs are malignant. Stromal
tumors should be studied in a site-specific fashion,
as tumors from a given location in the gut have
unique growth patterns and corresponding behav-
iors. Although the most important tool needed to
diagnose a GIST is still a hematoxylin and eosin–
stained section, a confirmatory CD117 stain is rec-
ommended (andmay be required for drug therapy).
True smooth muscle tumors, inflammatory fibroid
polyps, fibromatoses, schwannomas, inflammatory
myofibroblastic tumors, and solitary fibrous tumors
all enter into the differential diagnosis of GISTs.
This article reviews the histologic features of these
tumors in the context of recent molecular genetic
and immunohistochemical advances.
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Although a great many mesenchymal lesions may be
found in the gastrointestinal (GI) tract, none are more
vexing to the surgical pathologist than stromal tu-
mors. In 1960, Martin and colleagues (1) published a
series of six cases of “intramural myoid tumors” of the
stomach and theorized that these unusual tumors
were of smooth muscle origin. Two years later, Stout
(2) introduced the term leiomyoblastoma to describe
a group of bizarre smoothmuscle tumors of the stom-
ach. Since that time, a wide variety of names have
been used to describe these spindle and epithelioid
cell tumors thatmay arise anywhere along the GI tract
as well as in the omentum and mesentery. In 1983,
Mazur and Clark (3) first used the term stromal tumor
to describe the lack of markers of differentiation in
many of these lesions. Whereas some tumors were
thought to differentiate along the lines of smooth
muscle cells, others were interpreted as being neuro-
genic. There is no telling how many thousands of
hours have been spent by researchers performing
electronmicroscopy or countless immunostains in an
attempt to find this holiest of grails—the cell of origin
of gastrointestinal stromal tumors (GISTs). More than
one good forest has been sacrificed in our quest, as
paper after paper has been published describing the
latest antibody staining pattern or ultrastructural
analysis. To add to the confusion, true leiomyomas
and schwannomas were frequently trapped within
the all-encompassing term of stromal tumor. The
finding that the majority of stromal tumors stained
with CD34, a marker of myeloid progenitor cells, en-
dothelial cells, and some mesenchymal lesions,
helped separate GISTs from most true leiomyomas
and schwannomas (which are CD34 negative; 4).
CD34 positivity in GISTs ranges from 46 to 100%,
depending on the site of origin of the tumor (4, 5). The
least CD34 positivity is seen in small-bowel GISTs (4).
Although the discovery of CD34 staining in stromal
tumors helped somewhat to further define these le-
sions, the fact that a fair number of GISTs were CD34
negative was problematic.
In the past 5 years, several seminal works involv-

ing the c-kit proto-oncogene have greatly expanded
our understanding of stromal tumors. C-kit is a
transmembrane tyrosine kinase receptor that be-
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longs to the same family of receptors as colony-
stimulating factor-1 (6). The ligand for c-kit is
known as stem cell factor, and the gene coding for
c-kit is on chromosome 4, near the gene for epider-
mal growth factor (6). Stem cell factor c-kit interac-
tion is necessary for the proper development of
melanocytes, erythrocytes, germ cells, mast cells,
and the interstitial cells of Cajal (ICC; 7). Activating
c-kit mutations have been identified in tumors af-
fecting these cell lineages (8). Hirota and colleagues
(7) were the first to describe the presence of such
activating mutations in GISTs. Those investigators
also showed that the majority (94%) of GISTs
stained positively with a polyclonal c-kit antibody,
CD117 (7). They also showed that ICCs stain with
antibodies to both CD34 and CD117 and postulated
that GISTs may originate from ICCs (7). Kindblom
and colleagues (9) found that 100% of their GISTs
were CD117 positive and postulated that GISTs may
arise from stem cells that differentiate toward ICCs.
They proposed changing the name from stromal
tumors to gastrointestinal pacemaker cell tumors, or
GIPACT, to reflect this proposed origin. Both Hirota
et al. (9) and Kindblom et al. (9) found that “true”
leiomyomas and schwannomas had negative stain-
ing for CD117.

If these findings weren’t enough to drive most
stromal tumor mavens into fits of ecstasy, the dis-
covery of a drug that successfully treats malignant
GISTs by inhibiting the tyrosine kinase activity of
c-kit is nothing short of miraculous. STI571, which
is now known by its trade name Gleevec (Novartis,
Basel, Switzerland), is a compound that was specif-
ically designed to inhibit the Abl protein tyrosine
kinase, which is present in 95% of patients with
chronic myelogenous leukemia (10, 11). It now ap-
pears that this compound can inhibit several fam-
ilies of tyrosine kinases (including c-kit), and hence
it is now being evaluated in the treatment of a
variety of neoplasms. Clinical trials have found that
this compound is very effective in treating malig-
nant GISTs and that it causes minimal side effects
(12). This is a major improvement for patients with
metastatic or recurrent stromal tumors, as there has
not been an effective therapy for these lesions. The
only drawback to Gleevec is that the patients may
need to take it for the rest of their lives, at a cost of
about $2000/month.

The development of an effective therapy for ma-
lignant GISTs has important implications, not only
for patients but also for surgical pathologists. Pre-
dicting the biological behavior of GISTs is a difficult
and somewhat controversial endeavor. Although
some experts believe that benign stromal tumors
exist, others believe that all lesions should be clas-
sified as being of at least low malignant potential.
The problem with predicting prognosis in these
lesions is due to several factors. GISTs are fairly

uncommon tumors whose behaviors are somewhat
different depending upon their sites of origin
(stomach versus small bowel versus colon, etc.) and
these tumors may recur or metastasize 20 years
after primary resection. This combination of factors
makes it very hard for a single institution to gather
enough cases with adequate clinical follow-up to
have the statistical power to adequately assess out-
come. As a result, all studies of GISTs and prognosis
have been retrospective, and many have mixed tu-
mors from several sites within the gut to have
enough tumors. Although none of us would con-
sider combining adenocarcinomas from the esoph-
agus, stomach, small bowel, and colon to study the
prognosis of carcinomas, we seem to have no prob-
lem doing this with stromal tumors. The best evi-
dence that stromal tumors from different sites be-
have differently comes from a study by Emory and
co-workers (13) at the Armed Forces Institute of
Pathology (AFIP). They found that in a multivariate
analysis of �1000 stromal tumors of the gut, tumor
location was an independent predictor of outcome.
Overall, approximately 60–70% of stromal tumors
are from the stomach, 20–30% are from the small
intestine, and �10% come from the esophagus, co-
lon, rectum, omentum, and mesentery (14, 15). Be-
tween 10 and 30% of GISTs are malignant (14). The
most common sites of recurrence and metastasis
are the omentum/peritoneum and the liver. Most
stromal tumor patients are middle-aged (50–60
years old), and except for rare cases of neurofibro-
matosis Type 1 and extremely rare families with
germline c-kit mutations, risk factors for these tu-
mors are unknown (13, 14).

STOMACH

Up to 80% of gastric stromal tumors are benign.
The features that correlate with malignant behavior
are a high mitotic rate, large size, and invasion of
the mucosa (16–19). Gastric stromal tumors have a
few characteristic growth patterns that are not seen
elsewhere in the gut. One such pattern is that of a
densely cellular spindle cell tumor with perinuclear
vacuoles and occasional palisading (Fig. 1). In a
study by Appelman and Helwig (18), only 1 of 49
such tumors metastasized. The single tumor that
metastasized was quite large and had �5 mitoses
per 50 high-power fields (HPFs). Malignant spindle
cell gastric stromal tumors tend to lose these vacu-
oles (Fig. 2). Another curious pattern of growth in
gastric stromal tumors is the epithelioid variant
(Stout’s leiomyoblastoma). These tumors are com-
posed of plump or rounded cells, many of which
show marked nuclear pleomorphism (Fig. 3). Iron-
ically, tumors with such pleomorphism often have
few if any mitoses and typically behave in a benign
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fashion (19). Malignant epithelioid stromal tumors
of the stomach typically have smaller, more homo-
geneous cells (Fig. 4; 19). The presence of malignant
epithelioid gastric stromal tumors in young women

is a marker of Carney’s triad (20). These patients
may have multiple malignant epithelioid gastric
GISTs as well as paragangliomas and pulmonary
chondromas (20). Despite having multiple malig-
nant GISTs, these patients tend to have a better
than expected prognosis.

The use of absolute cutoff values for size and
mitoses in predicting behavior is somewhat contro-
versial. In general, mitotic counts of �5 per 50 HPFs
are considered malignant. Some studies use a size
of �5 cm as an indicator of malignancy, whereas
others use 6 cm. My own bias is that size alone is
not a good predictor of malignancy. The problem,
of course, is that not every tumor follows these
rules: many histologically malignant-appearing le-
sions never metastasize and, rarely, benign-
appearing lesions do. This has led some experts to
propose calling all GISTs potentially malignant.

DUODENUM
Duodenal stromal tumors, although not com-

mon, are most often found in the second part of the
duodenum. Unlike the case with the stomach,
about half of duodenal stromal tumors are malig-
nant (21). Benign lesions are more likely to have an
organoid pattern with low cellularity, whereas ma-
lignant tumors are more likely to have an epithe-
lioid growth pattern and invade the mucosa (Fig. 5;
21). Size and mitotic figure counts show some over-
lap between benign and malignant tumors. Most
benign tumors are �4.5 cm and have �2 mitoses
per 50 HPFs (21).

JEJUNUM AND ILEUM
Not surprisingly, many of the same prognostic

features from the duodenum hold true in the jeju-
num and ileum. Approximately one half of the
GISTs in the jejunum and ileum are malignant. Two

FIGURE 1. High-power photomicrograph of a benign spindle cell
gastric stromal tumor showing characteristic nuclear palisading and
perinuclear vacuoles.

FIGURE 2. High-power photomicrograph of a malignant spindle cell
gastric stromal tumor showing high cellularity with nuclear overlap and
loss of perinuclear vacuoles (compare with Fig. 1).

FIGURE 3. High-power photomicrograph of a benign epithelioid
gastric stromal tumor showing nuclear pleomorphism without mitotic
activity.

FIGURE 4. High-power photomicrograph of a malignant epithelioid
gastric stromal tumor showing mitotic figures and a lack of nuclear
pleomorphism (compare with Fig. 3).
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studies that looked expressly at tumors from the
jejunum and ileum found that high cellularity, in-
creased mitoses, large size, and mucosal invasion
correlated with an adverse outcome (22, 23). One of
these studies also found that tumor necrosis, severe
nuclear pleomorphism, and a lack of skenoid fibers
also correlated with a poor prognosis, whereas an
organoid growth pattern favored a better prognosis
(23). Both studies used a cut-off of 5 mitoses per 50
HPFs, although one used a size of 5 cm and the
other, a size of 7 cm (22, 23).

Morphologically, stromal tumors from the small
bowel (all portions) often have condensations of
collagen known as skenoid fibers that typically are
not seen in gastric GISTs (Fig. 6). Some older stud-
ies have suggested that the presence of skenoid
fibers was a marker of neural differentiation indic-
ative of a gastrointestinal autonomic nerve tumor
(GANT, also known as plexosarcoma). Some inves-
tigators believe that GANTs are a subset of stromal
tumors with a poor prognosis that require electron
microscopy to differentiate them from other GISTs
(24, 25). A recent study by Lee and colleagues (26)
contradicts this, as these investigators found that
GANTs are CD117 positive and behave identically
to GISTs. Hence, the idea that all (any) stromal
tumors need electron microscopy for their classifi-
cation finally appears to be dead (or at least dying).

COLON
GISTs of the colon represent a small percentage

of all GISTs, so it is not surprising that less is known
about the biologic behavior of these lesions. Tworek
and colleagues (27) studied 20 GISTs from the ab-
dominal colon and found that half of these lesions
were malignant, often with a highly aggressive clin-
ical course. These investigators found that an infil-
trative border within the muscularis propria, �5
mitoses per 50 HPFs, and invasion of the mucosa by
tumor correlated with metastasis and/or death (27).
Interestingly, tumor size did not correlate with out-
come in this study, as an 18-cm-diameter tumor
behaved in a benign fashion, whereas a 2.8-cm-
diameter tumor metastasized (27). Miettinen and
colleagues (28) found that colonic GISTs that were
�5 cm in diameter, that had �5 mitoses per 50
HPFs, or that had skenoid fibers had a better prog-
nosis, whereas those with �5 mitoses per 50 HPFs
were uniformly fatal. These investigators did not
find a relationship between invasion of the muscu-
laris propria and outcome. In another study of colo-
rectal stromal tumors, Moyana and colleagues (29)
found that tumor size correlated with outcome,
whereas mitotic counts did not. These discordant
data illustrate the problems found when studying
small numbers of tumors.

ANORECTUM
GISTs occurring in this location are also rare, and

once again, only a handful of studies have looked at
these tumors separately. Haque and Dean (30)
found that small submucosal lesions that lacked
mitoses and pleomorphism behaved in a benign
fashion, whereas malignant tumors had mitotic
rates of �5 per 50 HPFs and were typically present
within the deep muscularis propria. Those investi-
gators also noted that these lesions would recur
locally, often many years after resection, requiring
prolonged follow-up to assess the biologic behavior
of these tumors (30). Tworek and colleagues (31)
also found that these lesions have a protracted
course and that they tend to recur before metasta-
sizing. These investigators found that an infiltrative
growth pattern within the muscularis propria and
size of �5 cm correlated with a poor outcome (31).
Miettinen and colleagues (32) found that tumor size
of �5 cm and �5 mitoses per 50 HPFs were asso-
ciated with a high risk of recurrence or metastasis,
whereas tumors sized �2 cm, with few mitoses, had
a good prognosis. The vast majority of these ano-
rectal GISTs were spindle cell tumors, and skenoid
fibers were not identified (32).

ESOPHAGUS
As uncommon as colorectal GISTs are, true esoph-

ageal GISTs are even more rare. Although the esoph-
agus gives rise to many true smooth muscle tumors
that have confounded the literature by being lumped
in with GISTs, a recent study from the Armed Forces
Institute of Pathology (done during the “c-Kit Era”)
found only 17 cases of esophageal GISTs (Fig. 7; 33).
More than half of these tumors were malignant, with
the majority being �10 cm in diameter and having �5
mitoses per 50 HPFs (33). Morphologically, esopha-
geal GISTs resemble gastric GISTs, with most showing
a cellular spindle cell pattern and some showing ep-
ithelioid differentiation.

OMENTUM AND MESENTERY
Although it seems strange that a tumor of the GI

tract that supposedly arises from the ICC could also
arise outside of the gut, CD117-positive cells can be
found in the omentum, just underneath the me-
sothelial lining. Reith and colleagues (34) reported
on 48 extragastrointestinal stromal tumors and
found that 39% were malignant. These investigators
found that high cellularity, high mitotic rate, and
necrosis correlated with an adverse outcome (34).
Histologically, more than half of the tumors were
epithelioid, resembling GISTs of the stomach. Al-
though skenoid fibers were not identified, those
investigators did note that the tumors had cystic
collections of myxoid stroma and hyalinization
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around vessels, two findings not typically seen in
GISTs from other sites (34). All of these tumors were
CD117 positive (34). Miettinen and colleagues (35)
found that all of their omental GISTs behaved in a
benign fashion, whereas more than half of their
mesenteric tumors were malignant. All but one of
their tumors were positive for CD117 (35). Many of
these extragastrointestinal GISTs seem to resemble
gastric stromal tumors histologically, although they
behave more like small-intestinal tumors.

DIFFERENTIAL DIAGNOSIS
Not all mesenchymal lesions of the gut are stro-

mal tumors, and now that effective therapy exists
for GISTs, there is added pressure on the surgical
pathologist to accurately diagnose these lesions.
Other mesenchymal tumors that need to be differ-
entiated from GISTs include inflammatory fibroid
polyps, fibromatoses, inflammatory myofibroblas-
tic tumors, solitary fibrous tumors, schwannomas,

leiomyomas, and leiomyosarcomas. Although im-
munostains can help one negotiate this minefield
of spindle cell lesions, they are not a substitute for
experience, as not every CD117-positive tumor is a
GIST.

INFLAMMATORY FIBROID POLYPS
The inflammatory fibroid polyp is a benign lesion

most often encountered in the stomach and small
intestine. These lesions are typically submucosal
and consist of a mixture of small granulation tis-
sue–like vessels, spindle cells, and inflammatory
cells (Figs. 8–9). Eosinophils are usually prominent,
although plasma cells, lymphocytes, and mast cells
are also present. The two most common locations
for these tumors are the distal stomach and the
terminal ileum (36). Ileal tumors may be transmural
with an infiltrative lower border, whereas gastric
lesions tend to be confined to the submucosa (36).
Rare colonic and esophageal inflammatory fibroid
polyps have also been reported. Histologically, the
key to the diagnosis is recognizing the presence of

FIGURE 5. Low-power photomicrograph of a malignant small
intestinal stromal tumor showing spindle cells invading the mucosa.
The presence of tumor cells growing perpendicular to the muscularis
mucosae and invading the lamina propria is a sign of malignancy.

FIGURE 6. High-power photomicrograph of a benign epithelioid
small intestinal stromal tumor showing numerous skenoid fibers and
low cellularity.

FIGURE 7. Medium-power photomicrograph of a benign incidental
leiomyoma of the esophagus. For many years, these small lesions were
thought to be stromal tumors, leading to the erroneous impression that
most esophageal stromal tumors were benign.

FIGURE 8. Low-power photomicrograph of an inflammatory fibroid
polyp showing a granulation tissue–like stroma.
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many vascular spaces with adjacent eosinophils.
Not surprisingly, the majority of these lesions stain
positively for CD34, and hence, confusion with
GISTs is possible (37). Although the stromal com-
ponent of these tumors will not stain for CD117,
mast cells within the tumor will be positive, provid-
ing another possible source of confusion with
GISTs.

FIBROMATOSES (DESMOID TUMORS)
In my consultation practice, the tumors most

often confused with GISTs are fibromatoses. These
spindle cell tumors can occur in the mesentery or
retroperitoneum and grow into the lumen of the
gut, mimicking a stromal tumor (38). Histologically,
fibromatoses are composed of bland spindled or
stellate cells, arranged in parallel with evenly
spaced blood vessels and a collagenous background
(Figs. 10–11). The amount of collagen is generally
greater than that seen in GISTs. Fibromatoses often

have mitotic activity, but cytologic pleomorphism is
generally not seen. Although fibromatoses can be
locally aggressive lesions that recur, they do not
metastasize and hence should be separated from
GISTs (38). Immunostains for CD117 have been
reported to be positive in fibromatoses, depending
on the antibody used. Yantiss and colleagues (38)
reported that 75% of intra-abdominal fibromatoses
stained positive for CD117 using an antibody pro-
duced by DAKO. Miettinen (39) confirmed these
findings but showed that the antibody made by
Santa Cruz Biotechnology did not stain fibromato-
ses or nodular fasciitis. Interestingly enough, this
staining with the Dako antibody has led to some
preliminary clinical trials using Gleevec to treat
fibromatoses.

INFLAMMATORY MYOFIBROBLASTIC TUMORS
Inflammatory myofibroblastic tumors (IMTs; also

known as inflammatory pseudotumors and inflam-
matory fibrosarcomas) encompass a family of un-
common mesenchymal lesions that are typified by
proliferations of spindle cells admixed with lym-
phocytes and plasma cells. Although some of these
lesions are felt to be benign reactions to infectious
processes, others have been shown to be clonal and
to rarely behave in a malignant fashion (40). Histo-
logically, these lesions are composed of elongated
spindle cells (myofibroblasts) that can mimic
GISTs. The presence of an infiltrate of plasma cells
should alert the pathologist to the possibility of an
IMT, particularly if the patient is young (most GISTs
occur in patients �50 y of age, whereas IMTs are
often seen in children). Immunostains for desmin
and actin are typically positive, whereas CD117 and
CD34 are negative. Sixty percent of IMTs also stain
for anaplastic lymphoma kinase (40).

FIGURE 9. High-power photomicrograph of an inflammatory fibroid
polyp showing a characteristic eosinophil-rich infiltrate and granulation
tissue–like stroma.

FIGURE 10. Low-power photomicrograph of an abdominal
fibromatosis showing bland spindle cells with evenly spaced blood
vessels. This lesion has an almost edematous-appearing stroma that
contains more collagen than one would expect to see in a GIST.

FIGURE 11. Low-power photomicrograph of an abdominal
fibromatosis showing a more densely collagenous stroma than the
lesion in Figure 10. Again note the evenly spaced blood vessels and the
low cellularity of this lesion.
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TRUE SMOOTH MUSCLE TUMORS
True leiomyomas and leiomyosarcomas do occur

in the gut, although they are much less common
than GISTs. Most of these lesions arise in the
esophagus, although some occur in the colon, rec-
tum, and anus (28, 32, 33). Leiomyomas resemble
the mature smooth muscle of the gut wall, having
low cellularity and few mitoses. They stain posi-
tively for desmin and actin and negatively for
CD117 and CD34 (33). Leiomyomas tend to occur in
younger patients than do GISTs (33). Leiomyosar-
comas are far less common than leiomyomas and
typically have very high mitotic rates. These tumors
stain negatively for CD117 and positively for
desmin or actin (32, 33).

SCHWANNOMAS
Schwannomas of the gut most often occur in the

stomach, although cases have been reported in the
colon and esophagus (41, 42). These lesions have a
characteristic cuff of lymphoid aggregates around
their periphery (Fig. 12). The nuclear palisading,
Verocay bodies, and hyalinized vessels seen in
schwannomas elsewhere in the body are less com-
mon or are absent in the gut (41, 42). These tumors
stain strongly for S-100 (nuclear and cytoplasmic)
and are CD117 negative (41, 42). Some schwanno-
mas do have focal CD34 positivity (42). It is impor-
tant to distinguish these lesions from stromal tu-
mors, as schwannomas of the gut are reportedly
benign.

SOLITARY FIBROUS TUMORS
These spindle cell tumors can occasionally occur

in the peritoneal cavity and adhere to the bowel.
They are described as having a patternless pattern
of spindle cells and collagen. These tumors are
CD34 positive and hence may be confused with

GISTs. Solitary fibrous tumors do not stain with
CD117 (43).

IMMUNOHISTOCHEMISTRY
Once a quagmire of irreproducible results, the

immunohistochemical evaluation of stromal tu-
mors has become much more straightforward since
the discovery of CD117. CD117 generally stains
GISTs with a diffuse cytoplasmic and/or membra-
nous pattern, although sometimes a perinuclear
pattern of staining can be seen (Fig. 13; 44). One
should look for positive staining of mast cells in the
mucosa as a good internal positive control to en-
sure that the stain is working properly.

Currently there is some controversy regarding
whether a tumor that looks like a GIST on hema-
toxylin and eosin (H&E) staining but that is nega-
tive for CD117 should be called a GIST. My own bias
is that there are rare CD117-negative GISTs but that
such a diagnosis should probably only be rendered
by an expert. I do think CD117 staining should be
done on all stromal tumors, as c-kit positivity is
now required for clinical trials using STI571
(Gleevec). However, it is important to recognize
that not all CD117-positive tumors are stromal tu-
mors: melanomas, seminomas, acute mylogenous
leukemias (including granulocytic sarcomas), an-
giosarcomas, Ewing’s sarcoma, synovial sarcomas,
liposarcomas, malignant fibrous histiocytomas,
dermatofibrosarcoma protuberans, hemangioperi-
cytomas, and fibromatoses (depending on the an-
tibody used) all have been reported to stain with
CD117 (38, 39, 43–46). It goes without saying that a
positive CD117 stain needs to be interpreted within
the context of the H&E findings.

FIGURE 12. Low-power photomicrograph of a gastric schwannoma
showing typical cuff of inflammation that sets these lesions apart from
stromal tumors.

FIGURE 13. Medium-power photomicrograph of a stromal tumor
showing strong positive cytoplasmic and membranous staining for
CD117. This staining pattern is typical of most GISTs.
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MANAGEMENT ISSUES
In today’s world of doing more with less, pathol-

ogists are being asked to make diagnoses on the
basis of less and less tissue. Making the diagnosis of
a GIST on a needle or mucosal biopsy is very diffi-
cult, to say the least. Unless the tumor is extremely
high grade, it is unlikely that any prognostic infor-
mation can be given from such a small sample.
Many malignant GISTs have areas that appear be-
nign, such that sampling can be a huge problem. It
is also conceivable that the area biopsied could be
CD117 negative whereas other parts of the tumor
are positive, leading to a completely erroneous
diagnosis.

The use of frozen sections in the diagnosis of
GISTs is another potential minefield for the surgical
pathologist. As these lesions are sometimes discov-
ered by surprise during an exploratory laparotomy,
the pathologist may be faced with making a diag-
nosis on frozen section. Again, unless the lesion is
obviously high grade, I would avoid calling the le-
sion benign or malignant on frozen section.

The cost-effective use of immunoperoxidase
stains is another management issue for the surgical
pathologist. Because of the effectiveness of Gleevec,
I believe that all stromal tumors should be stained
with CD117, much like all breast cancers are
stained for estrogen and progesterone receptors
and HER-2/neu. In cases in which I am not sure
whether the lesion is a stromal tumor based on the
H&E–stained sections, I usually order CD34, S-100,
and smooth muscle actin (in addition to CD117). I
do not think an extensive battery of immunostains
is necessary in the vast majority of cases.

How one signs out stromal tumors is a matter of
individual preference; however, there are certain
parameters that I believe should be mentioned in
the surgical pathology report. At a bare minimum,
the size, mitotic rate, and status of the surgical
margins should be mentioned. I also include the
presence or absence of mucosal invasion and the
cellularity of the lesion. I then summarize these
findings by stating that the tumor is one of the
following: histologically benign, malignant, or of
uncertain malignant potential. Some experts feel
that all stromal tumors are potentially malignant
and hence that tumors should be classified as low
risk and high risk, whereas others prefer not to
mention prognosis at all.

THE FUTURE
The debate on how best to predict the biologic

behavior of stromal tumors will undoubtedly per-
sist for some time, making it difficult to give abso-
lute recommendations on how to evaluate these
lesions. Although some studies have found value in
ancillary studies such as ploidy analysis, the use of

proliferation markers, and the detection of C-kit
mutations, to date we still have no consensus on
the ultimate utility of these techniques, as none are
accurate enough to predict tumor behavior in a
given patient (47–52).

Although we have just scratched the surface of
the molecular genetic alterations involved with
stromal tumors, significant progress has been
made. The identification of functional c-kit muta-
tions in the development of these tumors and the
production of a designer drug that successfully
treats these lesions by interfering with this pathway
is an exciting start to the new millennium. The
majority of mutations in the kit gene in GISTs have
involved the juxtamembrane domain (exon 11; 51,
52). These mutations lead to ligand-independent
activation of the tyrosine kinase (autophosphoryla-
tion) and have been associated with a poor prog-
nosis (51, 52). To date, however, the percentage of
GISTs with exon 11 mutations has ranged from only
21 to 57%, indicating that other genetic alterations
are probably involved (51–53). Mutations in other
exons (exons 3 and 9) of c-kit have also been found,
but these seem to be present in a small minority of
tumors (54). Other genetic alterations in GISTs,
which appear to be independent of c-kit gene mu-
tations, include LOH at 1p, 14q, and 22q (55). The
LOH at 22q is very interesting because it corre-
sponds to the locus of the NF2 gene (55).

The application of microarray technology to the
study of GISTs will undoubtedly uncover more ge-
netic hot spots involved in the pathogenesis of
these tumors. Until then, c-kit and its inhibitor
STI571 will remain in the spotlight. Despite all of
the above referenced technologic breakthroughs,
there is still no substitute for the intelligent analysis
of “old-fashioned” H&E–stained sections.

Acknowledgment: The author thanks Henry D. Ap-
pelman, M.D., for the use of his photomicrographs.
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