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ABSTRACT

Objective Leiomyoma with bizarre nuclei (LBN) is a variant of

uterine leiomyoma, which has replaced the previous category

of “atypical leiomyoma” and must be distinguished from

smooth muscle tumors of uncertain malignant potential

(STUMP). However, previously published series of “atypical

leiomyoma” might have included both LBN and STUMP, due

to the lack of strict diagnostic criteria. Based on such hypoth-

esis, we aimed to define the risk of recurrence in LBN.
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Study Design A systematic review and meta-analysis was

performed by searching 4 electronic databases for all studies

assessing the outcome of patients with “atypical leiomyoma”

or LBN. The pooled absolute risk of recurrence was calculated.

The included studies were subdivided into two subgroups

based on the criteria used: “LBN + STUMP” or “LBN-only”.

Results Twelve studies with 433 patients were included. The

pooled risk of recurrence was 5.5% overall. The funnel plot

showed two cluster of studies which superimposed to the

two subgroups. In the LBN + STUMP cluster/subgroup, the

pooled risk of recurrence was 7.7%. In the LBN-only cluster/

subgroup, the pooled risk of recurrence was 1.9%. Statistical

heterogeneity was null in all analyses.

Conclusion Our results show a risk of recurrence of 1.9% for

LBN; higher recurrence rates in older studies are likely due to

the inclusion of STUMPs.

ZUSAMMENFASSUNG

Zielsetzung Leiomyom mit bizarrem Zellkern (LBN) ist eine

Variante von uterinen Leiomyomen, welche die frühere Kate-

gorie „atypisches Leiomyom“ ersetzt; sie sollte von glattmus-

kulären Tumoren mit unsicheremmalignen Potenzial (STUMP)

unterschieden werden. Weil aber strenge diagnostischen Kri-

tierien bei früheren Studien fehlten, kann es sein, dass früher

veröffentlichte Serien von atypischen Leiomyomen sowohl

LBN als auch STUMP umfassen. Basierend auf dieser Hypothe-

se war das Ziel unserer Studie, die Gefahr eines Rezidivs bei

LBN zu definieren.

Studiendesign Eine systematische Überprüfung und eine

Metaanalyse wurden durchgeführt. Hierzu wurden 4 elektro-

nische Datenbanken nach Studien durchsucht, die das Out-

come von Patientinnen mit atypischen Leiomyomen bzw.

LBN evaluierten. Das gepoolte absolute Risiko eines Rezidivs

wurde berechnet. Die eingeschlossenen Studien wurden in

2 Untergruppen unterteilt: eine LBN + STUMP-Gruppe und

eine Nur-LBN-Gruppe.

Ergebnisse Zwölf Studien mit insgesamt 433 Patientinnen

wurden gefunden und evaluiert. Das gepoolte Risiko eines Re-

zidivs betrug insgesamt 5,5%. Der Funnel Plot zeigte 2 Cluster

von Studien, die sich mit den 2 Untergruppen überlagerten. In

der LBN + STUMP-Cluster/Untergruppe betrug das gepoolte

Risiko für ein Rezidiv 7,7%. In der Nur-LBN-Cluster/Untergrup-

pe betrug das gepoolte Risiko eines Rezidivs dagegen 1,9%.

Die statistische Heterogenität betrug bei allen Analysen null.

Schlussfolgerung Unsere Ergebnisse zeigen, dass die Gefahr

eines Rezidivs bei LBN 1,9% beträgt; die höheren Rezidivraten

in älteren Studien beruhen wahrscheinlich auf dem Einschluss

von STUMP.

GebFra Science | Review
Introduction
Smooth-muscle tumors are the most common gynecologic neo-
plasms [1–3]. They are categorized as leiomyoma, leiomyosarco-
ma or smooth muscle tumors of uncertain malignant potential
(STUMP) [4–6]. The malignant potential of gynecologic smooth
muscle tumors is currently assessed based on histomorphological
features, out of which the most important are cytologic atypia,
mitotic index and coagulative tumor cell necrosis (CTCN) [7]. Ac-
cording to the Stanford criteria, the presence of at least two
among significant (i.e. at least moderate) cytologic atypia, mitotic
index ≥ 10/10 HPF and CTCN is sufficient to qualify the tumor as
leiomyosarcoma [4,7]. If the mitotic index is ≥ 10/10 HPF in the
absence of the other two criteria, the tumor is categorized as a
benign leiomyoma variant (i.e. mitotically active leiomyoma) [5].
If there is CTCN in the absence of the other two criteria, the tumor
is labeled as STUMP [5]. Instead, the classification may be more
difficult for tumors showing significant atypia but no mitotic in-
dex ≥ 10/10 HPF or CTCN. According to the current WHO classifi-
cations of gynecological neoplasms, these tumors would fall into
two different categories: “STUMP” and “leiomyoma with bizarre
nuclei” (LBN). LBN has replaced the former category of “atypical
leiomyoma” and had also been termed as “symplastic” or pleo-
morphic“ leiomyoma, due to the frequent occurrence of large
cells with bizarrely shaped, multiple or multilobulated nuclei and
intranuclear cytoplasmic pseudoinclusions [5,8]. However, pre-
vious studies assessing so-called ”atypical leiomyoma“ did not
adopt the diagnostic criteria of LBN. As a result, many published
series might have lumped LBN and STUMP together under the
definition of ”atypical leiomyoma”. This might be the cause for
1218 Travaglino A et al
the high heterogeneity in the recurrence rates reported in the lit-
erature [7–31]. The consequence is that the risk of recurrence of
LBN remains poorly defined. The aim of this systematic review and
meta-analysis was to improve the definition of the risk of recur-
rence in LBN.
Materials and Methods

Study protocol

This systematic review were designed a priori based on previous
studies [32,33]. Each stage (electronic search, study selection,
data extraction, risk of bias assessment and data analysis) was per-
formed independently by three authors. Disagreements, if any,
were resolved by consensus. This review was reported following
the PRISMA statement [34].

Search strategy and study selection

Web of Sciences, PubMed, Scopus, and Google Scholar were
searched from 1994 (year of publication of the Stanford criteria
[7]) to April 2020 for all studies assessing case series of “atypical
leiomyoma” and LBN. The following combination of text words
was used: (atypical OR pleomorphic OR symplastic OR bizarre)
AND leiomyoma. Relevant references were also retrieved from eli-
gible studies.

Inclusion criteria were: significant atypia and a mitotic index
< 10/10 HPF.

Exclusion criteria were: sample size < 5; outcome data not re-
ported; reviews.
. Risk of Recurrence… Geburtsh Frauenheilk 2021; 81: 1217–1223 | © 2021. The author(s).



▶ Table 1 Characteristics of the included studies.

Study Country Period of
enrollment

Sample
size

Definition Selection criteria

Bell 1994 USA 1970–1991 49 “Atypical leiomyoma” < 10mitoses/10 HPF + significant atypia (any type)

Downes 1997 USA 1971–1995 24 “Bizarre leiomyoma” < 10mitoses/10 HPF + bizarre nuclei

Sung 2009 Korea 1994–2007 15 “Atypical leiomyoma” < 10mitoses/10 HPF + significant atypia (any type)

Ly 2013 USA 1992–2003 51 “Atypical leiomyoma” < 10mitoses/10 HPF + significant atypia (any type)

Croce 2014 USA 2000–2011 59 Leiomyoma with bizarre nuclei < 10mitoses/10 HPF + bizarre nuclei

Liang 2015 China 1997–2009 25 “Atypical leiomyoma” < 10mitoses/10 HPF + significant atypia (any type)

Kalogiannidis
2016

Greece 2002–2012  5 “Atypical leiomyoma” < 10mitoses/10 HPF + significant atypia (any type)

Ubago 2016 USA, China 1993–2015 43 “Atypical leiomyoma” < 10mitoses/10 HPF + significant atypia (any type)

Chow 2017 Hong Kong unclear 18 Leiomyoma with bizarre nuclei < 10mitoses/10 HPF + bizarre nuclei

Bennett 2017 USA 1990–2014 26 Leiomyoma with bizarre nuclei < 10mitoses/10 HPF + bizarre nuclei

Kefeli 2018 Turkey 2002–2016 26 Leiomyoma with bizarre nuclei < 10mitoses/10 HPF + bizarre nuclei

Gregova
2019

Czech
Republic

1998–2017 92 Leiomyoma with bizarre nuclei < 10mitoses/10 HPF + bizarre nuclei
Data extraction

Original data were not modified. The main data extracted were
the number of included patients, the criteria for defining atypia
and the number of cases which recurred. Further data extracted
were country, selection criteria, period of enrollment, pathology
review, type of intervention, follow-up information, characteris-
tics of recurrent cases. The studies were subdivided into two sub-
group based on the selection criteria:
▪ the first subgroup included studies that selected leiomyomas

based on the presence of any significant atypia under the defi-
nition of “atypical leiomyoma”; based on the assumption that
these studies included both LBN and STUMP, we will refer to
this subgroup as “LBN + STUMP”

▪ the second subgroup included studies that selected leiomyo-
mas based on the presence of bizarre nuclei (large cells with
bizarrely shaped, multiple or multilobulated nuclei and intra-
nuclear cytoplasmic pseudoinclusions); we will refer to this
subgroup as “LBN-only”.

Risk of bias within studies assessment

According to the QUADAS-2 [35], four domains were assessed in
each study:
1. Patient selection (i.e. if selection criteria and period of recruit-

ment were reported);
2. Index test (i.e. histological slides were reviewed);
3. Reference standard (i.e. if outcome data were clearly re-

ported);
4. Flow (i.e. if the flow of patients, including the number of eligi-

ble and excluded patients, with reasons, was reported).

For each domain, the judgement was categorized as “low”, “un-
clear” or “high risk of bias”, as previously described [32,33].
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Data analysis

The risk of recurrence was calculated as the number of recurrent
cases divided by the total number of patients, as previously de-
scribed [36]. The risk of recurrence, for each study and as pooled
estimate, was reported graphically on forest plots with 95% confi-
dence interval (CI). Both the Mantel-Haenszel fixed effect model
and the DerSimonian-Laird random effect model were used to
pool data. Statistical heterogeneity among studies was quantified
according to the inconsistency index (I2), as previously described
[32,33,36]. The risk of bias across studies (publication bias) was
assessed by using a funnel plot. Comprehensive Meta-Analysis
(Biostat,14 North Dean Street, Englewood, NJ 07631, USA) was
used for the analysis.
Results

Study selection and characteristics

Twelve studies with 433 patients were included [7–18]. The full
process of study selection is reported in Supplementary Fig. S1.
Six studies were included in the “LBN + STUMP” subgroup [7,9,
10,12–14], and 6 studies were included in the “LBN-only” sub-
group [8,11, 15–18]. Characteristics of the included studies are
shown in ▶ Table 1.

Risk of bias assessment

For the “Patient selection” domain, one study was considered at
unclear risk of bias, because the period of enrollment was not re-
ported [18], while the other studies were considered at low risk of
bias. For the “Index test” and “reference standard” domains, all
studies were considered at low risk of bias. For the “Flow” domain,
one study was considered at unclear risk of bias, since the number
of eligible patients excluded in the selection process was not re-
ported [10]. The other studies were considered at low risk of bias
(Supplementary Fig. S2).
1219he author(s).



Model Study name
Statistics for each study

Bell 0.082 0.031 0.198

Downes 0.020 0.001 0.251

Sung 0.067 0.009 0.352

Ly 0.078 0.030 0.191

Croce 0.008 0.001 0.120

Liang 0.080 0.020 0.269

Chow 0.026 0.002 0.310

Kalogiannidis 0.083 0.005 0.622

Ubago 0.070 0.023 0.195

Bennett 0.019 0.001 0.236

Kefeli 0.019 0.001 0.236

Gregova 0.022 0.005 0.083

Fixed 0.055 0.035 0.085

Random 0.055 0.035 0.085

1.00.50

Event rate Lower limit Upper limit
Event rate and 95% CI

▶ Fig. 1 Forest plot reporting the rate or recurrence of published series of so-called “atypical leiomyoma” and leiomyoma with bizarre nuclei,
lumped together.
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Risk of recurrence

Overall, the recurrence rate was 5.5% (95% CI 3.5–8.5%)
(▶ Fig. 1). The funnel plot revealed two different clusters of stud-
ies: the studies of the first clusters showed a risk of recurrence
above the pooled result [7, 9,10,12–14], while the studies of the
second cluster showed a risk of recurrence below the pooled re-
sult [8, 11,15–18] (▶ Fig. 2). The first cluster of studies over-
lapped with the “LBN + STUMP” subgroup. In this cluster/sub-
group, the pooled risk of recurrence was 7.7% (95% CI 4.6–
12.5%) (▶ Fig. 3); all recurrences in this group occurred locally,
after hysterectomy (37.5%) or after myomectomy (62.5%). The
second cluster of studies overlapped with the “LBN-only” sub-
group. In this cluster/subgroup, the pooled risk of recurrence
was 1.9% (95% CI 0.8–4.7%) (▶ Fig. 4); all recurrences occurred
locally and after myomectomy. Statistical heterogeneity was null
(I2 = 0%) in all analyses.
Comment

Main findings and interpretation

This study showed that, pooling all the published studies on
“atypical leiomyoma” or “LBN”, the overall risk of recurrence in
1220 Travaglino A et al
was 5.5%. However, the risk of recurrence was 7.7% in studies that
included generically “atypical leiomyoma” (which likely included
both LBN and STUMP), while it was 1.9% in the studies that only
included LBN.

The classification of leiomyomas exhibiting significant atypia in
the absence of increased mitotic index or CTCN have been subject
of debate. These tumors have variably been regarded as a stage in
the development of leiomyosarcoma, as benign lesions with de-
generative changes, as STUMPs [7–31]. In the study by Bell et
al., they have been termed as “atypical leiomyoma with lowmalig-
nant potential” [7]. In the subsequent studies, these tumors have
been either listed in STUMP series [18–31] or treated separately
in case series [7–17]. The current WHO classifications include the
category of “LBN” among the benign variant of leiomyomas [5]. In
many studies, LBN was considered as a synonym of atypical leio-
myoma [8,11,15–17]. However, the published studies on “atyp-
ical leiomyoma” did not use strict criteria for LBN, apparently in-
cluding all smooth muscle tumors with significant atypia but with
neither CTCN nor a mitotic index ≥ 10/10 HPF [7,9,10,12–14].
We assumed that these studies actually included both LBN and
STUMPs under the definition of “atypical leiomyoma”. As a result,
the risk of recurrence of LBN is currently not well defined.
. Risk of Recurrence… Geburtsh Frauenheilk 2021; 81: 1217–1223 | © 2021. The author(s).
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▶ Fig. 2 Funnel plot for the assessment of the risk of bias across studies. Two different clusters of studies are evident.
By pooling all the published studies on “atypical leiomyoma” or
“LBN”, this meta-analysis found an overall risk of recurrence of
5.5%. This result seems to contrast with the benign nature of
LBN, although not so much to warrant a STUMP diagnosis. Indeed,
the STUMP category is characterized by a higher overall risk of re-
currence [6]. Furthermore, STUMPs may have metastatic spread
and may recur as leiomyosarcoma [6]. In our series, only 3 cases
recurred outside the uterus, and none distant from the primary
site. Although the heterogeneity among studies was null, the fun-
nel plot showed two different clusters of studies with different risk
of recurrence. The first cluster was composed of studies that in-
cluded so-called “atypical leiomyoma”, independently of the type
of cytologic atypia [7,9, 10,12–14]; this subgroup showed a risk
of recurrence of 7.7%; all recurrences outside the uterus (i.e., after
hysterectomy) occurred in this subgroup. The second cluster was
composed of studies that only selected cases exhibiting bizarre
nuclei (i.e., with large cells with bizarrely shaped, multiple or mul-
tilobulated nuclei and intranuclear cytoplasmic pseudoinclusions)
[8, 11,15–18]; in this subgroup, the risk of recurrence was con-
siderably lower (1.9%), with all recurrences being local and after
myomectomy. Remarkably, none of the included studies, regard-
less of the subgroup, reported any recurrence outside the pelvis.

These results support that the biological behavior of LBN is
consistent with a benign lesion, with no concerns of distant
spread and an overall low risk of local recurrence. Our findings also
support that the higher recurrence rates observed in older studies
are due to the inclusion of STUMP. In fact, smooth muscle tumors
with significant atypia in the absence of increased mitotic index or
CTCN represent the majority of cases labeled as STUMP in the lit-
erature; these STUMPs shave shown a considerable risk of recur-
rence (about 20%) [37]. The recurrence rate of 7.7% observed in
Travaglino A et al. Risk of Recurrence… Geburtsh Frauenheilk 2021; 81: 1217–1223 |© 2021. T
the series of so-called “atypical leiomyoma” appears therefore
consistent with an admixture of LBN and STUMP.

These findings support that two types of atypia exist in uterine
smooth muscle tumors: the atypia of LBN, characterized by ex-
tremely bizarre features (striking pleomorphism, multinucleation,
pseudoinclusions) but devoid of malignant potential, and the aty-
pia of STUMP, which may be less striking but reflects a more ag-
gressive behavior. In this regard, even the atypia of leiomyosarco-
ma may be less striking than that of LBN [5]. However, differenti-
ating between LBN and STUMP may not be obvious. Other fea-
tures, not included in the Stanford criteria, may justify a STUMP
diagnosis when present; these include atypical mitoses, infiltra-
tive margins and vascular intrusion [29]. In addition, the 2020
WHO classification established an objective criterion for such dif-
ferential diagnosis, indicating a mitotic index of 0–4/10 HPF for
LBN and 5–9/10 HPF for STUMP [5]. However, the studies included
in this meta-analysis were published before 2020 and did not
adopt such thresholds, despite showing a clear difference in the
recurrence rate. Further studies are warranted in this field.

Strengths and limitations

To the best of our knowledge, this is the first meta-analysis assess-
ing the risk of recurrence in LBN. We also separated the studies
based on the inclusion criteria, highlighting that studies assessing
so-called “atypical leiomyoma” likely included both LBN and
STUMP. The overall sample size (N = 433) may be considered ade-
quate, given the rarity of these tumors. The main limitation to our
results is the impossibility to review the morphological features of
the individual cases, precluding to assess the different types of
atypia and other relevant morphological features. However, we
hope that our result may encourage further research in this field.
1221he author(s).



Model Study name
Statistics for each study

Bell 0.082 0.031 0.198

Sung 0.067 0.009 0.352

Ly 0.078 0.030 0.191

Liang 0.080 0.020 0.269

Kalogiannidis 0.083 0.005 0.622

Ubago 0.070 0.023 0.195

Fixed 0.077 0.046 0.125

Random 0.077 0.046 0.125

1.00.50

Event rate Lower limit Upper limit
Event rate and 95% CI

▶ Fig. 3 Forest plot reporting the rate or recurrence in published series of so-called “atypical leiomyoma”.

Model Study name
Statistics for each study

Downes 0.020 0.001 0.251

Croce 0.008 0.001 0.120

Chow 0.026 0.002 0.310

Bennett 0.019 0.001 0.236

Kefeli 0.019 0.001 0.236

Gregova 0.022 0.005 0.083

Fixed 0.019 0.008 0.047

Random 0.019 0.008 0.047

1.00.50

Event rate Lower limit Upper limit
Event rate and 95% CI

▶ Fig. 4 Forest plot reporting the rate or recurrence in published series of leiomyoma with bizarre nuclei.
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Conclusion
LBN shows a biological behavior consistent with a benign lesions,
with a risk of local recurrence < 2% and no evident risk of recur-
rence outside uterus. The higher recurrence rates reported in pre-
vious series of so-called “atypical leiomyomas” are likely due to
the inclusion of both LBN and STUMP. Discriminating between
LBN and STUMP is therefore highly relevant in terms of prognosis
and patient management. Further studies are encouraged to im-
prove the prognostic stratification and differential diagnosis of
uterine smooth muscle tumors.
1222 Travaglino A et al
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