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Abstract
Smooth muscle tumors represent the second most common mural mesenchymal neoplasm in the gastrointestinal tract, but
established criteria for prognostic assessment of these tumors are lacking. A large cohort of surgically resected intramural
gastrointestinal smooth muscle tumors from 31 institutions was analyzed to identify potential prognostic features.
Pathologic features were assessed by expert gastrointestinal and/or soft tissue pathologists at each center.
Immunohistochemical confirmation was required. A total of 407 cases from the esophagus (n= 97, 24%), stomach
(n= 180, 44%), small bowel (n= 74, 18%), and colorectum (n= 56, 14%) were identified. Patients ranged in age from 19
to 92 years (mean 55 years), with a slight female predominance (57%). Mean tumor size was 5.4 cm, with the largest
tumor measuring 29 cm. Disease progression following surgery, defined as local recurrence, metastasis, or disease-related
death, occurred in 56 patients (14%). Colorectal tumors were most likely to progress, followed by small bowel and gastric
tumors. None of the esophageal tumors in this series progressed. Receiver operator characteristic analysis identified
optimal cutoffs of 9.8 cm and 3 mitoses/5 mm2 for discriminating between progressive and non-progressive tumors.
Histologic features strongly associated with progression by univariate analysis included moderate-to-severe atypia, high
cellularity, abnormal differentiation (defined as differentiation not closely resembling that of normal smooth muscle),
tumor necrosis, mucosal ulceration, lamina propria involvement, and serosal involvement (P < 0.0001 for all features).
Age, sex, and margin status were not significantly associated with progression (P= 0.23, 0.82, and 0.07, respectively).
A risk assessment table was created based on tumor site, size, and mitotic count, and Kaplan–Meier plots of progression-
free survival for each subgroup revealed progression-based tiers. Based on our findings, it appears that nonesophageal
gastrointestinal smooth muscle tumors measuring >10 cm and/or showing ≥3 mitoses/5 mm2 may behave aggressively,
and therefore close clinical follow-up is recommended in these cases.

Introduction

For the past two decades, gastrointestinal stromal tumors
(GISTs) have dominated the field of gastrointestinal (GI)
tract mesenchymal neoplasms. As a result of Miettinen and
Lasota’s foundational, large-scale studies of these tumors at
various sites within the GI tract, a risk assessment tool is
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widely available to help predict the behavior of GISTs
based on their location, size, and mitotic rate [1–4]. How-
ever, the situation is much less straightforward when
pathologists encounter the second most common mural
mesenchymal tumor of the GI tract: the true smooth muscle
tumor.

Historically, published studies on intramural GI smooth
muscle tumors have primarily consisted of small case series
[5–13]. Although the existing studies often separate these
lesions into benign and malignant tumors, the criteria by
which these classifications have been made are not well
defined. In addition, some studies have described a group of
GI tract smooth muscle tumors that behave in a malignant
fashion despite low mitotic rates, highlighting the need for
additional analysis of potential prognostic features in a
larger series of cases [8, 10].

We initiated a multi-institutional study of intramural
smooth muscle tumors of the GI tract in an attempt to
elucidate the issues raised by prior case series. By
analyzing a large cohort of documented true smooth
muscle tumors with long-term follow-up, we aimed to
better understand their natural history, and to correlate
their behavior with clinicopathologic features in order
to create a risk assessment tool similar to that used
for GISTs.

Materials and methods

Case selection

Smooth muscle tumors resected from the esophagus, sto-
mach, small intestine, and colorectum were identified from
31 institutions in North America, each of which obtained
institutional review board approval. Immunohistochemical
confirmation of smooth muscle differentiation was required,
including desmin and/or smooth muscle actin immunor-
eactivity. KIT (CD117) and/or DOG1 staining to exclude
GIST was also performed in the majority of cases and was
required in cases with ambiguous lineage. Negative
Epstein–Barr virus (EBV) staining was required in cases
from solid organ transplant patients and patients with
acquired immunodeficiency syndrome (AIDS) in order to
exclude EBV-associated smooth muscle tumors. Tumors
measuring less than 0.5 cm in greatest dimension and
muscularis mucosae leiomyomas were excluded from the
study, as were excisional biopsies, polypectomies, and
endoscopic resections. Anal tumors and tumors that
appeared to arise from outside of the GI tract (mesenteric or
serosal tumors, metastatic tumors, and parasitic leiomyo-
mas) were also excluded. Cases from female patients with
a clinical history suspicious for involvement by a smooth
muscle tumor of gynecologic tract origin, including cases

with positive estrogen receptor staining, were excluded
as well.

Case analysis

Hematoxylin and eosin-stained slides (range 1–25, median 4)
for each case were evaluated by experienced GI and/or soft
tissue pathologists at each institution. Tumors located at the
esophagogastric junction were classified as esophageal
tumors. If more than one smooth muscle tumor was present
in a given resection, the largest tumor was used for analysis.
Histologic features assessed included degree of cytologic
atypia, cellularity, differentiation, mitotic activity, tumor
necrosis, mucosal ulceration, layers of wall involved, and
margin status.

Nuclear atypia was graded as none, mild, moderate, or
severe based on the degree of nuclear enlargement, hyper-
chromasia, and/or pleomorphism, and its presence was also
classified as focal (<50%) or diffuse (≥50%) (Fig. 1). Tumor
cellularity was defined as low if it appeared equal to or
lower than normal muscularis propria cellularity and high if
it appeared higher than normal muscularis propria cellu-
larity. Tumor differentiation was assessed per the approach
outlined by the French Federation of Cancer Centers for the
assessment of sarcomas [14]; specifically, tumors that clo-
sely resembled normal smooth muscle tissue were classified
as having normal differentiation, tumors in which smooth
muscle differentiation could be histologically identified
even though they did not closely resemble normal
smooth muscle tissue were classified as having abnormal
differentiation, and tumors that could not be confidently
recognized as having smooth muscle differentiation based
on histology alone were classified as undifferentiated.
Mitoses were counted in the most mitotically active 5 mm2

area. The presence of coagulative tumor necrosis was
classified as 0%, <50%, or ≥50%. Lamina propria invol-
vement was defined as tumor cells infiltrating between
native mucosal structures (Fig. 2), and serosal involvement
was defined as tumor penetrating the visceral peritoneum.
Electronic images of representative features were provided
to standardize the assessment, and there was also a robust
online discussion with periodic electronic updates to help
maintain consistency throughout the study.

Outcome data

Clinical data were retrieved from the electronic medical
records of each institution. Tumor registries were also used
to obtain follow-up data in some cases. Disease progression
following surgery was defined as local recurrence, devel-
opment of metastatic disease, or disease-related death.
A follow-up period of at least 12 months was required for
inclusion in the analysis, unless progression of disease was
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noted earlier than 12 months. Patients for whom the cause
of death could not be determined were not included in the
analysis.

Statistical analysis

The association between pathologic features and disease
progression was examined using Chi-square or Fisher’s
exact tests for categorical variables and t-tests for continuous
variables. The receiver operating characteristic (ROC)
method was used to determine the optimal cutoff point

for continuous variables, including tumor size and mitotic
activity. Based on these cutoffs, cases were divided into
subgroups, and progression-free survival was estimated for
each subgroup by the Kaplan–Meier method. All statistical
analysis was performed using STATA version 15.1. A two-
sided P < 0.05 was considered statistically significant.

Results

Clinical features

A total of 407 cases with sufficient data were identified and
included in the analysis, of which 97 (24%) were esopha-
geal, 180 (44%) were gastric, 74 (18%) were small intest-
inal, and 56 (14%) were colorectal (Table 1). There was a
slight female predominance, with 231 females (57%) and
176 males (43%), resulting in a female-to-male ratio of
1.3:1; this slight female predominance was seen across all
tumor sites. Patients ranged in age from 19 to 92 years, with
a mean age of 55 years and a median age of 56 years. Only
22 patients were under age 30 at presentation, while
46 patients were over age 70.

Clinical presentation data were available for 395 cases. The
most common presentation was an incidentally detected mass
lesion found during a medical procedure or clinical workup
for another condition, which was the presentation in 115/395
cases (29%). Of the patients with symptoms at presentation,

Fig. 2 Smooth muscle tumor demonstrating lamina propria invasion,
with tumor cells infiltrating between colonic crypts.

Fig. 1 Histologic spectrum of
gastrointestinal smooth muscle
tumor. A tumor with low
cellularity, mild atypia, and
differentiation closely
resembling that of normal
smooth muscle (a) compared
with a tumor with high
cellularity (b), a tumor with
severe atypia (c), and an
undifferentiated tumor (d).
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abdominal pain was most common (93/395, 24%), followed
by dysphagia/dyspepsia/reflux (67/395, 17%) and GI bleeding
(42/395, 11%). Rarer presenting symptoms included chest
pain, diarrhea, nausea, weight loss, and bowel obstruction,
and many patients reported multiple symptoms at presenta-
tion. Not surprisingly, 45 of the 50 patients with a tumor
measuring more than 10 cm, for whom clinical presentation
information was available, were symptomatic at presentation;
abdominal pain was the most common presenting symptom in
this group of patients with large tumors as well (21/50, 42%).
Distant metastases were evident at presentation in only 13
cases, with liver being the most common site of metastatic
disease at presentation (11/13).

Eight patients had multiple smooth muscle tumors
identified at the time of resection. Three patients had two
colonic smooth muscle tumors, three patients had multiple
gastric tumors (2, 3, and “multiple”), and two patients had
multiple esophageal tumors (2 and “multifocal”). None of
the patients with multiple tumors had a known tumor syn-
drome, but genetic tumor-predisposing conditions were
known to be present in nine other patients. Three patients
had multiple endocrine neoplasia type 1 (MEN1), three
patients had Lynch syndrome, one patient had familial
adenomatous polyposis, one patient had hereditary diffuse
gastric cancer, and one patient had a germline BRCA2
mutation.

Table 1 Association of
clinicopathologic features with
disease progression.

All patients Progression No progression P value

n= 407 n= 56 n= 351

Age, years,
mean ± SD

55.4 ± 14.4 57.7 ± 15.7 55.1 ± 14.2 0.23

(19–92) (21–86) (19–92)

Sex

Female 57% (231) 55% (31) 57% (200) 0.82

Male 43% (176) 45% (25) 43% (151)

Tumor size, cm
Mean ± SD

n= 402 n= 54 n= 348 <0.0001

5.4 ± 4.8 11.4 ± 6.4 4.4 ± 3.7

(0.5–29) (2.2–29) (0.5–29)

Tumor site

Esophagus 24% (97) 0% (0) 28% (97) <0.0001

Stomach 44% (180) 25% (14) 47% (166)

Small bowel 18% (74) 32% (18) 16% (56)

Colon/rectum 14% (56) 43% (24) 9% (32)

Atypia

None/mild 69% (281) 9% (5) 79% (276) <0.0001

Moderate/severe 31% (126) 91% (51) 21% (75)

Cellularity

Low 65% (264) 4% (2) 75% (262) <0.0001

High 35% (143) 96% (54) 25% (89)

Differentiation

Normal 71% (287) 9% (5) 80% (282) <0.0001

Abnormal 19% (78) 43% (24) 15% (54)

Undifferentiated 10% (42) 48% (27) 4% (15)

Mitoses/5 mm2

Median, mean (range) 0, 13.9 (0–310) 31.5, 53 (1–310) 0, 7.7 (0–250) <0.0001

Necrosis

Absent 76% (309) 29% (16) 83% (293) <0.0001

Present 24% (98) 71% (40) 17% (58)

Ulceration

Absent 83% (324/392) 63% (32/51) 86% (292/341) <0.0001

Present 17% (68/392) 37% (19/51) 14% (49/341)

Lamina propria involved 14% (53/392) 40% (21/52) 9% (32/340) <0.0001

Serosa involved 11% (45/397) 45% (23/51) 6% (22/346) <0.0001

Positive margin 12% (41/335) 20% (9/44) 11% (32/295) 0.07
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Tumor size

For the 402 cases with a documented tumor size, the mean
size was 5.4 cm and the median size was 4 cm (Table 1).
There were 92 tumors measuring ≤2 cm, 167 tumors mea-
suring >2 but ≤5 cm, 91 tumors measuring >5 cm but ≤10
cm, and 52 tumors measuring >10 cm. The largest tumor,
which was in the colon, measured 29 cm. Tumors in the
colon/rectum were, on average, larger than tumors at other
sites, with a mean tumor size of 7.8 cm in the colorectum
versus 4.4 cm in the esophagus, 5.7 cm in the stomach, and
5.8 cm in the small bowel.

Histologic features

Most tumors exhibited no or mild cytologic atypia
(281/407 cases, 69%), while moderate atypia was seen in
56/407 cases (14%) and severe atypia was present in
70/407 cases (17%) (Table 1). Tumors were classified as
closely resembling normal smooth muscle tissue (normal
differentiation) in the majority of cases (287/407, 71%),
but 78 cases (19%) showed abnormal but identifiable
smooth muscle differentiation and 42 cases (10%) were
classified as undifferentiated. Most cases demonstrated
low cellularity (264/407 cases, 65%), no tumor necrosis
(309/407 cases, 76%), and no mucosal ulceration (324/392
cases, 83%). Calcifications, hyalinization, a prominent
eosinophilic infiltrate, and/or an epithelioid component
were also noted in subsets of cases.

Mitotic activity ranged from 0 to 310 mitoses/5 mm2,
with a mean of 13.9 mitoses/5 mm2 and a median of 0
mitoses/5 mm2. Lamina propria involvement was seen in
53/392 cases (14%) and serosal involvement was evident in
45/397 cases (11%) (Table 1). A positive margin was pre-
sent in only 41/339 cases (12%).

Clinical outcome

The mean follow-up time for all cases was 64.4 months,
with a median of 52 months (range 2–284 months).
Progressive disease was detected in 56 patients (14%), of
whom half (28/56) died of disease. Progression was seen as
early as 1 month after surgical resection and as late
as 132 months following surgery; the average time to
progression was 25.5 months. Of the 56 patients with pro-
gressive disease, nine had local recurrence alone, 35 had
metastatic disease alone, four had both local recurrence and
metastatic disease, and eight died of disease with an
unknown intervening clinical course. The most common
site of metastatic disease was the liver (21 cases), followed
by the lung (11 cases) and peritoneum (10 cases). Rarer
sites of involvement included bone, pancreas, bladder,
brain, heart, mediastinum, spleen, and pelvis.

Features associated with disease progression

The following pathologic features were significantly asso-
ciated with progressive disease on univariate analysis:
tumor site, tumor size, mitotic count, moderate-to-severe
atypia (sensitivity 91%, specificity 79%), high cellularity
(sensitivity 96%, specificity 75%), abnormal differentiation
or lack of differentiation (sensitivity 91%, specificity 80%),
tumor necrosis (sensitivity 71%, specificity 83%), mucosal
ulceration (sensitivity 37%, specificity 86%), lamina propria
involvement (sensitivity 40%, specificity 91%), and serosal
involvement (sensitivity 45%, specificity 94%) (P < 0.0001
for all features) (Table 1). None of the patients with eso-
phageal smooth muscle tumors experienced disease pro-
gression, while 24/56 patients (43%) with colorectal tumors
had progressive disease; gastric and small bowel tumors
showed intermediate numbers of progressive cases (14/180
[8%] and 18/74 [24%] cases, respectively). Age, sex, and
margin status were not significantly associated with disease
progression (P= 0.23, 0.82, and 0.07, respectively).

Receiver operator characteristic (ROC) analysis of con-
tinuous variables was used to identify optimal cutoffs to
discriminate between progressive and non-progressive
tumors. This analysis revealed an optimal cutoff of 9.8 cm
for tumor size, which had a sensitivity of 0.63 and a spe-
cificity of 0.92 (Fig. 3). The ROC curve for mitotic activity
revealed an optimal cutoff of 3/5 mm2, which had a sensi-
tivity of 0.95 and a specificity of 0.86 (Fig. 4).

Risk of progression of subgroups based on site, size,
and mitotic activity

Cases were divided into subgroups based on tumor site and
the cutoff points identified by ROC analysis (tumor size
cutoff of 10 cm, mitotic activity cutoff of 3 mitoses/5 mm2).

Fig. 3 Receiver operator characteristic (ROC) curve of tumor size to
distinguish between progressive and non-progressive gastrointestinal
smooth muscle tumors.
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The Kaplan–Meier method was used to plot progression-free
survival for each subgroup (Fig. 5). These plots revealed
three progression-based tiers. The highest tier showed no
disease progression, and included all esophageal smooth
muscle tumors as well as tumors from all sites measuring
≤10 cm with <3 mitoses/5 mm2. The three colorectal tumors
that were >10 cm but had <3 mitoses/5 mm2 also fell into
this top tier. The middle tier had early progression in a
subset of cases (<50%), with no progression seen in the
remaining cases. This tier included large (>10 cm) gastric
and small bowel tumors with <3 mitoses/5 mm2 and small
and medium (≤10 cm) gastric and small bowel tumors with
≥3 mitoses/5 mm2. The lowest tier showed progressive dis-
ease in >50% of cases, with a steady increase in the number
of progressive cases over time. This prognostically poor tier
was composed of colorectal tumors of any size with a
mitotic count of ≥3 mitoses/5 mm2, as well as large (>10 cm)
gastric and small bowel tumors with ≥3 mitoses/5 mm2. The
results of this analysis were also used to create a risk
assessment table showing the risk of progressive disease for
each subgroup, similar to that used for GISTs (Table 2).

Notably, none of the 92 smooth muscle tumors mea-
suring ≤2 cm demonstrated disease progression, including 4
cases with ≥3 mitoses/5 mm2. The three smallest tumors to
show progression were all located in the colorectum, with
sizes of 2.2, 2.5, and 2.9 cm. The smallest small bowel
smooth muscle tumor to progress measured 3.0 cm, and the
smallest gastric smooth muscle tumor with progression
measured 4.0 cm.

Discussion

This study of 407 intramural GI smooth muscle tumors, the
largest to date, examines the natural history of these

neoplasms and identifies clinicopathologic features asso-
ciated with their risk of progression. Previous studies of
these tumors have been limited by small size and thus a lack
of ability to generate meaningful prognostic data. By col-
lecting cases from 31 institutions, we amassed a large
cohort of GI smooth muscle tumors, allowing for more
robust statistical analysis.

Based on our cohort, GI smooth muscle tumors appear to
occur over a wide age range, though these tumors are most
commonly encountered in middle-aged patients. While
prior studies have suggested that smooth muscle tumors,
particularly those located in the esophagus, are more com-
mon in males [6, 11, 12], our series revealed a slight female
predominance across all sites. Similarly, the stomach was
the most common location of tumors in our study, which
was surprising given that esophageal smooth muscle tumors
are widely considered most common and prior reports have
indicated that gastric smooth muscle tumors are quite rare
[9, 11, 13]. The reason for this discrepancy is not entirely
clear, but it is possible that the exclusion of tumors mea-
suring less than 0.5 cm contributed to the small number of
esophageal tumors in our study, as prior studies have
indicated that minute tumors are quite common at this site
[15]. In addition, the requirement for immunohistochemical
confirmation of smooth muscle differentiation may have
resulted in inclusion of fewer esophageal tumors in our
study, as immunohistochemical stains are less likely to have
been performed in tumors from this site. Based on our
findings, however, intramural smooth muscle tumors of the
stomach do not appear to be as uncommon as previously
thought; immunohistochemical confirmation of tumor cell
differentiation in tumors with high-risk features is therefore
important, as the therapeutic agents used to treat malignant
smooth muscle tumors and GISTs differ greatly. Of note in
this regard, desmin has been shown to be a more specific
marker for smooth muscle tumors than smooth muscle
actin, as GISTs can occasionally demonstrate smooth
muscle actin positivity [11, 16]. In addition, smooth muscle
tumors of the GI tract can be colonized by interstitial
cells of Cajal, resulting in scattered cells with KIT
staining, which should not be misinterpreted as diagnostic
of a GIST [13].

The presence of multifocal GI tract smooth muscle
tumors was uncommon in our study, and multifocality was
not seen in any patients with known genetic tumor-
predisposing conditions. Three patients with unifocal
tumors had MEN1, which is known to be associated with
the development of smooth muscle tumors in multiple
organs, including the esophagus [13, 17]; interestingly, two
of the MEN1 patients in our study had small bowel smooth
muscle tumors, which is not a site of involvement pre-
viously reported in the literature. Three other patients in the
study had Lynch syndrome, which is not known to be

Fig. 4 Receiver operator characteristic (ROC) curve of mitoses/5 mm2

to distinguish between progressive and non-progressive gastro-
intestinal smooth muscle tumors.
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associated with the development of smooth muscle tumors.
However, given the frequency of GI screening and surgery
in patients with this syndrome, asymptomatic smooth
muscle tumors may be detected at a higher rate in patients
with Lynch syndrome than in the general population.

Despite these differences, our study does support the
impressions from prior smaller studies and anecdotal data
that the majority of intramural smooth muscle tumors of the
GI tract are biologically benign, though aggressively
behaving tumors do occur, and the risk of such behavior is
largely site-dependent. Progression of esophageal smooth
muscle tumors is extremely rare, with none of the 97 eso-
phageal tumors in this study, which ranged in size from 0.5
to 15 cm and mostly (93/97) had <3 mitoses/5 mm2,
demonstrating disease progression. However, aggressive
esophageal smooth muscle tumors, most of which were
large and mitotically active, have been described in the
literature, so these lesions cannot be deemed universally
benign [6]. Colorectal smooth muscle tumors, in contrast,

showed a much higher proclivity for aggressive behavior,
with disease progression seen in 43% of cases in this study;
these tumors ranged in size from 2.2 to 29 cm, and all
had ≥3 mitoses/5 mm2. Small bowel and gastric tumors
demonstrated intermediate rates of progression.

Several histologic features were strongly associated with
aggressive behavior in GI smooth muscle tumors, including
moderate-to-severe atypia, high cellularity, abnormal dif-
ferentiation or lack of differentiation, tumor necrosis,
mucosal ulceration, lamina propria involvement, and serosal
involvement. Notably, moderate-to-severe atypia, high cel-
lularity, and abnormal differentiation/lack of differentiation
were each present in more than 90% of cases with disease
progression, and only one tumor exhibiting mild atypia, low
cellularity, and normal differentiation demonstrated disease
progression; this colorectal tumor measured 20 cm, had
6 mitoses/5 mm2, and recurred locally. It is therefore safe to
assume that small GI smooth muscle tumors without sig-
nificant atypia, hypercellularity, abnormal differentiation, or

Table 2 Risk assessment of
gastrointestinal smooth
muscle tumors.

Tumor parameters Risk of progressive disease

Mitotic rate Size Esophagus Stomach Small bowel Colorectum

<3 per 5 mm2 ≤5 cm 0% (0/62) 0% (0/117) 0% (0/24) 0% (0/13)

>5 and ≤10 cm 0% (0/26) 0% (0/29) 0% (0/7) 0% (0/2)

>10 cm 0% (0/5) 25% (1/4) 33% (1/3) 0% (0/3)

≥3 per 5 mm2 ≤5 cm 0% (0/3) 22% (2/9) 23% (3/13) 39% (7/18)

>5 and ≤10 cm No cases 38% (3/8) 25% (3/12) 86% (6/7)

>10 cm 0% (0/1) 67% (8/12) 75% (9/12) 92% (11/12)

Fig. 5 Kaplan–Meier plot of progression-free survival for subgroups of gastrointestinal smooth muscle tumors

1416 L. Alpert et al.



an elevated mitotic rate will not behave aggressively. While
tumor necrosis, mucosal ulceration, lamina propria invol-
vement, and serosal involvement were also significantly
associated with disease progression, these features were
seen in smaller percentages of progressive cases and appear
to be less sensitive markers of aggressive behavior.
In addition, although the association between margin status
and disease progression did not reach statistical significance
(P= 0.07), the small number of cases with a positive
margin (41/335) may have limited our ability to detect a
statistically significant difference between groups. While
histologic assessment of margin status is often difficult in
these cases, it is reasonable to assume that patients with a
truly positive margin have an increased risk of local
recurrence, especially in cases with other high-risk features.

As expected, tumor size and mitotic activity were also
significantly associated with disease progression of GI
smooth muscle tumors, and ROC analysis revealed a
rounded tumor size of 10 cm and a mitotic count of 3/5 mm2

to be optimal cutoffs for predicting aggressive behavior in
these tumors. Kaplan–Meier plots of subgroups based on
these cutoffs and tumor site roughly divided the tumors into
high-, intermediate-, and low-risk groups (Fig. 5).

Our analysis, therefore, highlights the presence of dis-
tinct subgroups of GI smooth muscle tumors, with indolent
and aggressive counterparts that can be identified based on
tumor site, size, and mitotic rate (Table 2). However, as is
the case for GISTs, there appears to be a spectrum to the
biologic behavior of these tumors, with an intermediate-risk
group for which the clinical course is more difficult to
predict. Firm categorization of cases as benign and malig-
nant is thus not always feasible, and instead assessment of
progression risk using the table provided is encouraged.
Based on our findings, it is certainly reasonable to label GI
tract smooth muscle tumors smaller than 10 cm with <3
mitoses/5 mm2 as “leiomyomas” and GI tract smooth
muscle tumors larger than 10 cm with ≥3 mitoses/5 mm2 as
“leiomyosarcomas.” However, application of this nomen-
clature requires use of a third term to describe tumors in the
intermediate-risk group—“atypical smooth muscle tumor”
has previously been proposed and may be most appropriate.
In the interest of consistency with the terminology used for
GISTs, some pathologists may prefer to use the term
“smooth muscle tumor” for all intramural smooth muscle
neoplasms of the GI tract. Regardless of the terminology
used, inclusion of a description of the histologic features of
the lesion (including size, mitotic rate, atypia, cellularity,
differentiation, necrosis, ulceration, lamina propria inva-
sion, and serosal invasion) in the pathology report is
recommended, since such features appear to play a role in
the graded biologic behavior of these tumors.

Further analysis of the subset of tumors with inter-
mediate risk of progression is also needed, and molecular

analysis may prove a particularly useful tool in helping to
predict the behavior of these tumors. Indeed, a recent study
of uterine smooth muscle tumors of uncertain malignant
potential found that grouping such tumors according to a
genomic index based on array comparative genomic
hybridization results correlated well with patient outcome
[18]. Next-generation sequencing of GI smooth muscle
tumors as a whole may also allow for identification of
specific alterations associated with aggressive behavior.

Several limitations of this study must be noted. There
was no central review of the cases, though electronic images
were distributed and a robust online discussion was held
prior to case review and data collection to minimize dis-
crepancies in evaluation of histologic features. In addition,
due to the infrequent use of immunohistochemical stains in
the diagnosis of esophageal smooth muscle tumors and the
frequency of minute tumors at this location, many intra-
mural esophageal smooth muscle tumors were probably
excluded from our study, and the proportion of these tumors
may therefore be artificially low. More importantly, while
the “intramural” smooth muscle tumors included in this
study were presumed to arise from the muscularis propria,
and cases that clearly arose from mesenteric vessels were
excluded, it is possible that some of the tumors arose from a
vessel wall within the muscle layer. Whether such tumors
should be considered “GI” smooth muscle tumors and
whether these tumors should be evaluated using the same
criteria as tumors arising from the muscle itself are both
debatable questions. In addition, while cases with fewer
than 12 months of clinical follow-up and no progression
were excluded from the study, given that the average time to
progression was 25.5 months and progression in 31/56
(55%) progressive cases occurred after 12 months, this
minimum follow-up time was likely insufficient to detect all
progressive cases. Finally, despite our efforts to amass a
large number of GI smooth muscle tumors, the number of
progressive cases collected was insufficient to perform
multivariate analysis.

Despite these limitations, the results of this analysis of
407 intramural GI smooth muscle tumors enhances our
understanding of the natural history of these neoplasms, and
also improves practicing pathologists’ ability to identify
tumors at risk of progression based on their histologic
features. From a clinicopathologic standpoint, our data
indicate that nonesophageal tumors measuring >10 cm and/
or showing ≥3 mitoses/5 mm2 may behave aggressively,
and therefore close follow-up can be recommended in these
cases. Colorectal smooth muscle tumors in general have the
highest risk of progression, followed by small bowel and
gastric tumors, while esophageal tumors are unlikely to
demonstrate aggressive behavior. Future studies, including
those involving molecular analysis, may allow for addi-
tional stratification of intermediate-risk tumors.
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