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The diagnosis and management of uterine smooth muscle tumors with uncertain malignant potential (STUMP)

is often challenging, and genomic data on these lesions as well as on uterine smooth muscle lesions are

limited. We tested the hypothesis that genomic profile determination by array-CGH could split STUMP into a

benign group with scarce chromosomal alterations akin to leiomyoma and a malignant group with high

chromosomal instability akin to leiomyosarcoma. Array-CGH genomic profile analysis was conducted for a

series of 29 cases of uterine STUMP. A group of ten uterine leiomyomas and ten uterine leiomyosarcomas

served as controls. The mean age was 50 years (range, 24–85) and the follow-up ranged from 12 to 156 months

(average 70 months). Since STUMP is a heterogenous group of tumors with genomic profiles that can harbor

few to many chromosomal alterations, we compared genomic indices in leiomyomas and leiomyosarcomas and

set a genomic index¼ 10 threshold. Tumors with a genomic indexo10 were classified as nonrecurring STUMPs

and those with a genomic index 410 represented STUMPs with recurrences and unfavorable outcomes. Hence,

the genomic index threshold splits the STUMP category into two groups of tumors with different outcomes: a

group comparable to leiomyomas and another similar to leiomyosarcomas, but more indolent. In our STUMP

series, genomic analysis by array-CGH is an innovative diagnostic tool for problematic smooth muscle uterine

lesions, complementary to the morphological evaluation approach. We provide an improved classification

method for distinguishing truly malignant tumors from benign lesions within the category of STUMP, especially

those with equivocal morphological features.
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Smooth muscle uterine tumors include benign
tumors—termed leiomyoma—that represent the
most common tumor in women, and malignant
tumors—such as leiomyosarcoma—that represent
1–2% of all uterine cancers and 40% of uterine
sarcomas.1 These two entities are differentiated
based on the ‘three features’ (cytological atypia,
mitotic count, and tumor cell necrosis) morphologic
approach, first proposed by investigators from
Stanford in 1994.2 Although these guidelines allow
to successfully classify the most conventional
leiomyomas and leiomyosarcomas, some proble-
matic lesions do not completely fulfill the criteria
for malignant tumors (eg, diffuse moderate atypia
but o10 mitotic figures/10 HPF, or equivocal
necrosis with o10 mitotic figures/10 HPF and
without atypia, or a borderline mitotic count 8–10
mitotic figures/10 HPF associated with diffuse
atypia without necrosis) and are difficult to classify.
A uterine smooth muscle tumor that cannot be
unequivocally diagnosed as benign or malignant
should be termed smooth muscle tumor with
uncertain malignant potential (smooth muscle tu-
mors with uncertain malignant potential (STUMP)),
and only the outcome will confirm its benign or
malignant nature.3

To complement the morphological analysis in
difficult cases, a variety of ancillary laboratory
techniques (p53, p16, bcl2, and ki67) have been
implemented but without any significant improve-
ment in the diagnosis.4–9

By trying to avoid the diagnosis of STUMP, the
pathologist could risk under- or over diagnosing a
difficult lesion with the inherent risk of under or
overtreatment, which could have dramatic conse-
quences for the patient, especially in her reproduc-
tive age (hysterectomy precluding fertility).

To our knowledge, only a few reports have been
published on STUMP,10–12 and similarly, studies on
the genomic profile of leiomyomas, leiomyosar-
comas are relatively scarce and cover a very-
limited number of cases.13–15 Recently, a signature
associated with instability and chromosomal
complexity predictive of metastatic relapse in soft
tissue sarcoma was published by our team.16 We
demonstrated that this signature, based on expres-
sion profiles (CINSARC) was closely linked to the
level of rearrangement of the tumoral genome in
gastrointestinal stromal tumor, and created a way to
identify a genomic signature combining the number
and the type of tumoral genomic alterations eva-
luated by array-CGH. The genomic signature
(genomic index) is a powerful predictor of meta-
static relapse, as is the CINSARC signature.17

Further, this array-CGH technique is adapted to
formalin-fixed paraffin-embedded tumor material
and its efficacy has been demonstrated on tumor
samples that have been archived for over 15 years.

Based on these findings we set up to test on a
series of problematic uterine smooth muscle lesions
the hypothesis that genomic profile analysis by

array-CGH could split the group of borderline cases
(STUMP) into two main groups consisting of1 benign
tumors (leiomyomas) with a low number of chromo-
somal alterations and2 malignant ones (leiomyo-
sarcomas) with a high chromosomal instability.

Materials and methods

Tumor Samples

Formalin-fixed paraffin-embedded tumor tissues
from 29 uterine smooth muscle lesions diagnosed
as STUMP were obtained from the pathology
archives of 12 centers in France, Belgium, and
Czech Republic (Institut Bergonié of Bordeaux,
Université libre de Bruxelles, Katholieke Universi-
teit of Leuven, University of Prague, Hôpital La
Croix Rousse of Lyon, Centre Jean Perrin of Clermont
Ferrand, Centre JF Leclerc of Dijon, Centre AVautrin
of Nancy, Centre Paul Papin of Angers, Centre Oscar
Lambret of Lille, Institut Gustave Roussy of Villejuif,
and University Hospital of Montpellier) from 1999
to 2013. All cases were centrally reviewed by two
gyneco-pathologists (SC and GMG). The presence of
atypia, the mitotic count and the presence of tumor
cell necrosis were assessed according to the Stan-
ford criteria.2

The samples issued by the tumor archives of each
department participating in the study were centra-
lized in the Biological Resources Center of Institut
Bergonié, which received the agreement from the
French authorities to deliver samples for scientific
research (AC-2008-812).

The control group used as a reference for the
assessment of genomic index consisted of ten
formalin-fixed paraffin-embedded conventional
leiomyomas and 10 conventional leiomyosarcomas
with unquestionable features of benignity (for
leiomyomas) and malignity (for leiomyosarcomas)
that were collected from three of the participating
institutions (Bruxelles, Bordeaux and Dijon).

Array-Comparative Genomic Hybridization Analysis

DNA was hybridized to 8� 60K whole-genome
Agilent arrays (G4450A; Agilent Technologies, Santa
Clara, CA, USA) according to the manufacturer’s
protocol. The ADM-2 algorithm of the CGH Analy-
tics v4.0.76 software (Agilent Technologies) was
used to identify DNA copy number anomalies at the
probe level. A low-level copy number gain was
defined as a log 2 ratio 40.25 and a copy number
loss was defined as a log 2 ratio o0.25. A high-level
gain or amplification was defined as a log 2
ratio41.5 and a homozygous deletion was sus-
pected when the ratio was o� 1.

The genomic index was calculated for each profile
as follows: genomic index¼A2/C, where A is
the total number of alterations (segmental gains
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and losses) and C is the number of involved
chromosomes.

Statistical Analysis

Metastasis-free survival was calculated by the
Kaplan–Meier method from the date of initial
diagnosis to the date of first metastasis or last
follow-up. Overall survival using the Kaplan–
Meier method was calculated from the date of
diagnosis to death or last follow-up. Survival curves
were compared with the log-rank test. All survival
analyses were performed by using the R software
version 2.14.1 and the ‘survival’ package (Terry
Therneau 2-02). A Package for Survival Analysis in
S. R package version 2.36–14. Multivariate analysis
was done by using Cox regression with Firth’s
correction (R by Meinhard Ploner and Fortran by
Georg Heinze 2011). coxphf: Cox regression with
Firth’s penalized likelihood. R package version 1.08.
http://CRAN.R-project.org/package=coxphf ).

Results

Clinico-Pathological and Genomic Data

Clinico-pathological data of the 29 samples are
summarized in Table 1 for the STUMP series.
Morphologically, all cases were uterine smooth
muscle lesions of conventional (spindle cell) type,
without any epithelioid or myxoid component
(Figure 1). Regarding the diagnosis of STUMP, full
agreement was obtained in 7/29 cases and 22/29 had
discordant diagnoses. The cause of disagreement
was the appreciation of the nature of the necrosis
(tumoral versus ischemic necrosis) in 16/22 cases,
and the extension (focal or diffuse) and the degree of
the atypia (mild, moderate, or high) in the remaining
6/22 cases. Among the latter, 1/6 tumor (case 2)
presented marked nuclear atypia consisting of
multinucleated giant cells in a patchy distribution
with presence of interspersed normal cells and 6
mitotic figures/10 HPF, favoring a diagnosis of
bizarre nuclei-leiomyomas. For the remaining 5/6
cases the degree of atypia was estimated high by
the pathologist and low by the reviewers. For 3/8
patients with recurrent disease we could analyze the
second tumor, whose morphology led to a clear
categorization of the tumor as a leiomyosarcomas
(Figure 1b).

The average age was 50 years (range 24–85) and
the median tumor size 7.7 cm. Out of 29, 22 patients
underwent hysterectomy (for case 28 a curetting was
followed by hysterectomy), 6/29 patients had myo-
mectomy and for 1/29 patient (case 24) the surgical
procedure was not specified. All tumors were stage I
at presentation except one that was stage II (case 13)
and another one (case 21) for which the status was
unknown. For 27 tumors the quality of the surgery
was optimal (R0), for one case suboptimal (R1) and

for the remaining case the data was unknown. The
follow-up period ranged from 12 to 156 months
(overall average 70 months; 70 months in patients
with myomectomy and 39 months for patients with
hysterectomy) and details were obtained for all patients
but one (case 7). For the leiomyomas control group
follow-up details were obtained for 8/10 patients
and all were alive and free of the disease. Follow-up
was available for 8/10 patients of the leiomyosarcomas
control group (6/8 patients died because of the
disease and 2/8 were alive with disease).

Genomic Data and Clinical Correlation

The reference group of leiomyomas presented a flat
genomic profile with no or only very-few sporadic
alterations (Figure 2a). The group of leiomyosarco-
mas, on the other hand, showed a rearranged
chromosome profile with numerous intrachromoso-
mal breaks (Figure 2b). Deletions occurred more
often than gains, the most frequent ones being 22q
(70%), 13q13-14 (50%), 11p14-15 (50%), 6q12-16
(50%), and 3q25 (50%) and 1q21-22 (60%), respec-
tively.

The two groups of tumors were therefore clearly
distinct from each other as the genomic index
assessment showed that all the leiomyomas har-
bored a genomic index o10 (between 0 and 7) and
all leiomyosarcomas showed a genomic index 410
(between 19.6 and 80). The genomic study mirrored
perfectly the morphological analysis and stratified
the tumors in a benign group (leiomyomas) with a
genomic index o10, and in a malignant group
(leiomyosarcomas), involving a significant rate of
metastases and unfavorable outcome, and with a
genomic index 410.

Among the patients of the leiomyomas group, 7/10
were alive without evidence of the disease, one
patient was alive with breast cancer and 2/10 were
lost at follow-up. Among the patients with leiomyo-
sarcomas, 6/10 were dead of the disease, 2/10 alive
with disease and 2/10 lost at follow-up.

Upon establishing the threshold for malignancy at
genomic index¼ 10, the genomic analysis was
applied to STUMP tumors.

The STUMP analysis showed a more heteroge-
nous group of genomic profiles since we observed
tumors with an even profile (Figure 3a), as well as
those with a rearranged profile (Figure 3b). The
latter harbored mainly the same alterations as
leiomyosarcomas except for gains that were more
frequent in leiomyosarcomas than in STUMP, and
losses at 3q25, 6q12-16, and 22q that were less
frequent in rearranged STUMP.

In 16/29 cases, the genomic index was o10
(Table 1). For this group of tumors, the follow-up
was available in 15/16 cases and all patients were
alive without evidence of the disease after an
average time of 80 months (from 12 to 137 months).
Two cases showing some worrisome morphological
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Table 1 Clinico-pathological and genomic correlation of 29 STUMP

Diagnosis

Case Age GI

Tumor
cell
necrosis Mitoses Atypia

Before
centralized
review

After
centralized
review Location Size cm

Type and
quality of
surgery

Recurrence or
metastasis

Recurrence
(months)

Second
recurrence
(months)

Follow-
up

(months) Status

1 32 0 No 1 No STUMP LM Uterus 6.5 Myomectomy R0 No 101 NED
2 44 0 No 6 No STUMP BN-LM Uterus 4.5 Hysterectomy R0 No 102 NED
3 67 0 No 2 No STUMP LM Uterus 1.5 Hysterectomy R0 No 102 NED
4 68 0 No 1 No STUMP LM Uterus 1.2 Hysterectomy R0 No 102 NED
5 46 0 No 5 No STUMP LM Uterus 6 Hysterectomy R0 No 24 NED
6 35 0 No 3 No STUMP LM Uterus 9 Myomectomy R0 No 24 NED
7 42 0 No 2 No STUMP LM Uterus 8 Hysterectomy R0 No lost
8 40 1 No 2 No STUMP LM Uterus 4.5 Hysterectomy R0 No 98 NED
9 36 1 No 13 No STUMP MA-LM Uterus 15 Myomectomy R0 No 137 NED
10 44 1 No 4 No STUMP LM Uterus 4.5 Hysterectomy R0 No 137 NED
11 41 2 No 1 No STUMP LM Uterus 8 Myomectomy R0 No 24 NED
12 24 2 No 7 No STUMP cellular LM Uterus 10 Myomectomy R0 No 12 NED
13 80 3 No 10 No STUMP cellular LM Uterusþ

pelvis
15 Hysterectomy R1 No 59 NED

14 36 8.16 No 5 Yes STUMP STUMP Uterus 7 Hysterectomy R0 No 84 NED
15 34 8.3 No 6 No STUMP LM Uterus ND Myomectomy R0 No 101 NED
16 47 9.14 Yes 3 No STUMP STUMP Uterus 6 Hysterectomy R0 No 100 NED
17 46 11.6 No 20 Yes STUMP LMS Uterus 5 Hysterectomy

morcellation
Para-uterine, pre-cave LN 36 12.4 69 NED

18 48 12 No 8 Yes STUMP STUMP Uterus ND Hysterectomy R
not known

Soft tissues bone and pelvis 13 76 89 AWD

19 43 13.1 Yes 16 No STUMP LMS Uterus 8 Hysterectomy R0 No 43 NED
20 48 14.3 No 0 No STUMP LM Uterus 7 Hysterectomy R0 No 101 NED
21 48 16.3 No 20 Yes STUMP LMS Uterus 7 Hysterectomy R0 Pelvis lung omentum

paraaortic LN bladder
rectum

36 72 156 AWD

22 50 19.7 No 16 Yes STUMP STUMP Uterus ND Hysterectomy R0 Para vertebral (soft tissues) 58 60 AWD
23 66 21.3 Yes 14 Yes STUMP LMS Uterus 8 Hysterectomy R0 Vagina 56 64 DOD
24 66 29.5 No 0 No STUMP LM Uterus ND Resection Peritoneum and pelvis 8 30 DOD
25 43 45.6 No 7 Yes STUMP STUMP Uterus 20 Hysterectomy R0 Bones 10 16 DOD
26 77 48 No 19 Yes STUMP LMS Uterus 11 Hysterectomy R0 Ileum, vaginal top,

fossa iliaca
17 25 alive

NOS
27 85 60.2 No 0 Yes STUMP STUMP Uterus 11 Hysterectomy R0 No 74 NED
28 61 60.3 Yes 15 No STUMP LMS Uterus 2 Curettingþ hysterectomy

R0
No 34 NED

29 64 64.7 No 9 Yes STUMP STUMP Uterus 7 Hysterectomy R0 No 18 NED

Abbreviations: AWD, alive with disease; alive NOS, alive not otherwise specified; BN-LM, bizarre nuclei leiomyoma; DOD, dead of disease; lost, lost to follow-up; MA-LM, mitotically active
leiomyoma; NED, no evidence of disease; ND, not determined; STUMP, smooth muscle tumor with uncertain malignant potential.
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features such as diffuse atypia (case 14) and tumor
necrosis (case 16) displayed a relatively flat, ‘leio-
myoma-type’ benign profile in the genomic analysis.
In this group of tumors no recurrence was recorded.

For the group of 13/29 tumors with genomic
index410, 3/13 patients were dead of the disease at
16, 30, and 64 months after the diagnosis and the
recurrences appeared at 8, 10, and 56 months from
the first diagnosis. Three out of thirteen patients
were alive with disease with a follow-up of 60, 89,
and 156 months. For 2/3, the recurrences were
multiple in time and location (Table 1). One patient
was alive, not otherwise specified (with 25 months
of follow-up) and 6/13 patients were alive without
evidence of the disease with an average time of 60
months (from 16 to 156 months). Of note, in the
group of patients alive without evidence of the
disease with genomic index410, one patient (case
17) suffered two recurrences: one at 36 months
from diagnosis and the second 12.4 months after the
first recurrence. The alive not otherwise specified

patient also had a recurrence 17 months after the
first diagnosis.

The stratification according to the genomic
index¼ 10 threshold splits the STUMP category of
tumors into two groups with different outcomes and
a P-value not significant for overall survival and
significant (P¼ 0.00029, HR [95% IC] 3.2.10e9
[0-inf]) for metastasis-free survival (Table 2,
Figure 4a). When comparing leiomyoma, leiomyo-
sarcomas, and STUMP groups we observed that,
although the STUMP with genomic indexo10
showed the same clinical outcome as leiomyomas,
those with genomic index 410 behaved like
leiomyosarcomas (Figure 4b and c).

We tested the prognostic value of atypia and
found that it was statistically significant for
metastasis-free survival (P¼ 0.00060, HR[IC 95%]
15.82[1.93–129.74]) but not for overall survival. The
presence of mitosis (cutoff of 10) and necrosis were
not significant for either overall survival or metas-
tasis-free survival (Table 2).

Figure 1 Morphological features of some challenging uterine smooth muscle tumors. (a) Case 17: cellular smooth muscle tumor with
mild atypia and 20 mitotic figures (arrow). (b) This patient developed a pelvic and para-aortic recurrences 36 and 48 months later. The
atypia is more prominent and mitotic count is higher. (c) Case 21: highly cellular smooth muscle tumor composed of monotonous
atypical spindle cells with brisk mitotic activity. The patient is alive with disease at 156 months after two recurrences. (d) Case 25:
cellular spindle cell tumor with diffuse mild to moderate atypia and seven mitotic figures. The patient developed bone metastases 10
months after the diagnosis and died of the disease 16 months later.
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By multivariate analysis, genomic index was the
only independent prognosis factor for metastasis-
free survival (P¼ 0.036, HR [IC 95%] 17.4 [1.17–
2509]) (Table 2).

Discussion

The histological distinction between benign and
malignant uterine smooth muscle lesions based on
the ‘three features’ histological approach derived
from the Stanford study2 and approved in 2014 by
the WHO3 is generally straightforward. Nevertheless,
in certain cases, a degree of subjectivity in the
interpretation of these criteria, and the interposition

of external factors such as prior treatments
(hormonal therapy or embolization before surgery),
or a nonoptimal fixation of the specimen, may pose
challenges that could lead to an equivocal diagnosis.
Some lesions with mild atypia and a benign
appearance could, for instance, surprise with an
unexpected recurrence or metastasis.18 Some
leiomyosarcomas cases with confirmed histological
malignancy, on the other hand, could end up having
a prolonged survival even if the overall prognosis
for leiomyosarcomas is poor.19,20 The pathologist’s
interpretation can also be particularly difficult
and subjective, especially for patients who have
ischemic, myxoid, or epithelioid modifications in
leiomyoma caused by previously received endocrine

Figure 2 Penetrance plots corresponding to the genomic profiles of the 10 leiomyomas (a) and 10 leiomyosarcomas (b). Chromosomes
are presented from 1 to Y on the X axis and alteration frequencies on Y axis. Green and red areas represent losses and gains,
respectively.

Figure 3 Penetrance plots corresponding to genomic profiles of the 16 STUMPwith genomic indexo10 (a) and 13 STUMPwith genomic
index 410 (b). Chromosomes are presented from 1 to Y on the X axis and alteration frequencies on Y axis. Green and red areas represent
losses and gains, respectively.
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therapy. Furthermore, an important interobserver
variability in the interpretation of tumor cell
necrosis in smooth mesenchymal uterine lesions
was recently reported, with complete disagreement
being reported in 18% of the cases.21 According to
the 2014 WHO classification3 ‘a smooth muscle
tumor with features that preclude an unequivocal
diagnosis of leiomyosarcoma, but that do not fulfill
the criteria for leiomyoma, or its variants, and raise
concern that the neoplasm may behave in a
malignant fashion should be termed ‘smooth muscle
tumor of uncertain malignant potential’. Further-
more, STUMP represents a ‘managerial’ category
rather than a biological and clinical entity, and for
this reason the use of this diagnostic term should be
limited whenever possible. This borderline category
for which malignancy cannot be confirmed and the
prognosis cannot be determined, represents a major
diagnostic challenge that could have important
clinical consequences for the treatment, as well as
a profound human and social effect for the patient.

Our hypothesis is that the clinical behavior of
smooth muscle uterine tumors is strongly associated
with specific genomic profiles. In this study, we
analyzed by array-CGH the genomic profile of a
series of 29 problematic uterine smooth muscle
lesions for which the assessment of the mitotic
count, or of the presence and the degree of atypia, or
of the nature of the necrosis were not conclusive and
for which there was a poor interobserver agreement.

To test the pertinence of the genomic profile
analysis, we first proceeded to the study of benign
(leiomyoma) and malignant lesions (leiomyosarco-
mas) for which there was a complete diagnostic
agreement. We observed a perfect concordance
between morphology, clinical behavior, and geno-
mic index. Genomic index was then applied to split
the series of problematic smooth muscle uterine
tumors into two groups: the first one (genomic index
o10) without recurrence or metastasis and similar
behavior to that of leiomyoma; and the second group
(genomic index 410) consisting of tumors with a
significant recurrence because of the disease that
encompasses a spectrum of smooth muscle lesions

approaching the recurrence risk level of leiomyo-
sarcomas but a more indolent, less aggressive course
compared with leiomyosarcomas (Figure 4). These
data make the genomic index an independent
prognostic marker in uterine mesenchymal lesions
in terms of metastasis-free survival. The nonsignifi-
cant results in term of overall survival could be
explained by the fact that there are more metastatic
recurrence events in the cohort than deaths. A
longer period of follow-up and a larger series could
improve the prognostic power of genomic index for
overall survival. Furthermore, it is judicious to
stress that, given the limited period of follow-up
for some tumors in our study, a potentially late,
indolent recurrence might have gone undetected.
Among the morphological parameters of Stanford
criteria, the atypia is closest to GI as prognostic
prediction. However, the presence of atypia alone
does not allow the diagnosis of leiomyosarcomas.2

Also, mitotic activity is not a good single diagnostic
parameter since it could reflect a reactive process.
Furthermore, the mitotic count could be difficult to
assess, especially in the ischemic areas where
smudged nuclei in cellular degeneration or apop-
tosis may be confused with true mitotic figures
causing an important interobserver variability. It is
important to emphasize that we limited this
exploratory study to conventional (spindle cell)
uterine smooth muscle lesions, excluding those
with any epithelioid or myxoid or bizarre nuclei
component.

In the genomic era, few studies in the literature
have reported on leiomyoma, leiomyosarcomas, and
array-CGH, and only for a limited number of cases.
In 2005, Cho et al13 studied the genomic profile of
four leiomyoma and seven leiomyosarcomas by
array-CGH with 1440 human BACs. Although uterine
leiomyomas did not present genomic alterations, all
leiomyosarcomass showed gains of 7q and 12q and
several chromosome region losses. Although this
study highlights the genomic differences between
leiomyoma and leiomyosarcomas, supporting our
hypothesis, the authors did not carry out the genome
profiling as a practical tool to improve the

Table 2 Prognostic value of genomic index in STUMP

Univariate Multivariate

OS MFS MFS

P HR (95% CI) P HR (95% CI) P HR (95% CI)

Genomic index NS — 0.00029 NAa Genomic index 0.036 17.40 [1.17–2509]
Atypia NS — 0.00060 15.82 [1.93–129.74] Atypia NS —
Mitoses NS — NS —
Necrosis NS — NS —

Abbreviations: HR, hazard ratio; IC, confidence interval; LM, leiomyoma; LMS, leiomyosarcoma; MFS, metastasis free survival; NA,
nonapplicable; NS, nonsignificant; OS, overall survival; STUMP, smooth muscle tumors with uncertain malignant potential.
aWe found an HR value of 3.2.10e9 [0-INF] which is explained by the absence of events in the good prognosis group of patients (LM).
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morphological diagnosis. Meadows et al14 have
recently studied loss of heterozygosity and copy
number amplifications by high-density SNP plat-
form (Affymetrix 100K) in 37 leiomyomas. They
observed that genome-wide loss of heterozygosity
and copy number alterations are infrequent events
in leiomyomas that generally do not have a clinical
impact, confirming our hypothesis. They did not
compare the leiomyomas with the leiomyosarcomas
profile. Lastly, Raish et al15 described the main
genetic alterations in 15 leiomyosarcomas.

To our knowledge, this is the first report on the
use of genomic profile analysis by array-CGH as a
diagnostic tool and of a genomic index threshold
(o10 and 410) as a criterion for malignancy.

The comparison of different studies on the
clinical behavior of STUMP is difficult because of
differing and evolving diagnostic criteria and the
variable terminology, as often in literature ‘atypical
leiomyomas’ was employed as a synonym of
STUMP as well as bizarre nuclei leiomyomas,12 a
benign variant of leiomyomas.22 Elsewhere, the
investigators from Stanford did not use the term
‘STUMP’, but instead four categories of uterine
smooth muscle tumors that had a low or uncertain
malignant potential: atypical leiomyomas with
limited experience; smooth muscle tumor with low
malignant potential; atypical leiomyomas with low
risk of recurrence; and mitotically active leio-
myomas with a limited experience.2 A meta-
analysis performed on all published studies that
can be grouped into the similar diagnostic criteria,
with a sufficient follow-up and pathological details,
reveals a recurrence rate ranging from 10.4 to
26.7%.3 Regardless of the ‘virtual’ category of
STUMP, the genomic profile analysis is a pertinent
and useful tool assisting the diagnosis in
challenging smooth muscle uterine lesions.

In contrast to ‘high-grade’ leiomyosarcomas, re-
current STUMP are in general biologically low-grade
tumors, as the recurrence is often delayed and the
clinical course prolonged.12 These data support our
findings.

As described above, the genomic index divides
problematic uterine smooth muscle lesions into
leiomyomas and leiomyosarcomas. However, this
enlarges the range of leiomyosarcomas adding more
indolent cases to conventional leiomyosarcomas,
which have a more aggressive clinical course. In
conclusion, we have demonstrated in this series that
genomic index is a powerful tool that allow splitting
the problematic uterine smooth muscle lesions in
two categories according to the risk of recurrence: a
group of benign tumors, similar to leiomyomas, and
a group of malignant lesions, similar to leiomyosar-
comas. Therefore, the genomic analysis by array-CGH
is an innovative diagnostic tool for smooth muscle
uterine tumors, complementary to the morphologi-
cal approach, and it is suitable for differentiating
between benign (leiomyomas) and malignant tumors
(leiomyosarcomas) and for providing an improved

classification of the intermediate category with
uncertain malignancy (STUMP) in cases with
equivocal morphological features.
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