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Leiomyosarcoma (LMS) is one of the most common soft
tissue sarcoma (STS) subtypes, accounting for up to 20%
of STS diagnoses.! LMS are tumours of smooth muscle
origin, most often developing in the extremities, retroperi-
toneum and uterus. The 5-year recurrence rate of LMS
varies from 10% to 43% dependent on anatomical site,
and long-term patient follow-up shows that late recur-
rences (>10 years) can occur in extremity, abdominal and
retroperitoneal patients.? In addition, only a subset of LMS
patients respond to conventional chemotherapy and radio-
therapy. Due to advancements in gene expression profiling
technologies, our understanding of the molecular basis of
LMS has improved over the past decade and supports the
concept of LMS molecular subtypes to explain some of the
extensive clinical heterogeneity observed across patients.
In 2009, molecular subtypes of LMS were first docu-
mented by Beck et al., through gene expression microarray
profiling in a cohort of 51 samples.® Following on from
this pivotal report, several additional studies utilising
transcriptomics have consistently identified 3 different
molecular subtypes.*® The different features of the molec-
ular subtypes reported in each of these studies are sum-
marised in Table 1. Whilst the relationship between the

molecular subtypes identified in different studies has not
been formally assessed, these studies are broadly consid-
ered to have identified highly similar subtypes. Across
the studies, some common molecular subtype-specific
features have been reported, such as anatomical site distri-
bution, expression of myogenic markers, immune activity
and association with clinical outcomes.

1 | ANATOMICAL SITE DISTRIBUTION

LMS molecular subtypes are reported to show differential
anatomical site distribution. This includes the consistent
identification of a uterine LMS (uLMS)-enriched sub-
type (Beck group III, Guo subtype III, Chudasama SG1,
Hemming uLMS, Anderson subtype 3).>*%% However,
the level of uterine representation varies greatly between
these studies, with uLMS accounting for between 34% and
92% of all samples within the putative uLMS-enriched
subtype. Moreover, uLMS are found to also be present in
other molecular subtypes, comprising between 19% and
59% of samples in the other non-uLMS enriched groups.
In support of anatomically driven subtyping, Hemming
et al. reported preserved expression of uterine-specific
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transcripts in the uLMS-enriched subtype (Hemming
uLMS) and absent or minimal expression of these tran-
scripts in other molecular subtypes.® In a separate study,
Anderson et al., illustrated that most samples of the
putative uLMS subtype (Anderson subtype 3) co-localised
with normal gynaecological smooth muscle tissue in
unsupervised clustering of the transcriptomic data.*

Anderson et al. also showed that a putative non-uLMS
subtype (Anderson subtype 2) could be further strati-
fied into two clusters, which appear to be driven by
anatomical site.* Anderson subtype 2a comprised mostly
abdominal lesions, and clustered with normal digestive
smooth muscle, whereas Anderson subtype 2b comprised
a mix of abdominal and extremity lesions, and clustered
with normal vascular smooth muscle. Retroperitoneal and
extremity LMS frequently arise in association with the
vasculature, and therefore the stratification between 2a
and 2b may illustrate distinct LMS tissue lineages. Collec-
tively, the evidence suggests that there is some association
between molecular subtypes and anatomical site but these
are not definitive. Rather, it appears that anatomical site
may contribute to disease heterogeneity but it does not
fully explain the molecular differences observed across
LMS.

2 | MYOGENIC MARKERS AND
IMMUNE ACTIVITY

LMS is derived from a smooth muscle lineage and diagno-
sis entails immunohistochemical assessment of a number
of smooth muscle markers. Notably, differential myogenic
gene expression levels have been observed across the three
LMS molecular subtypes. In particular, a ‘high-myogenic’
subtype has been reported (Beck group I, Guo subtype
I, TCGA soft tissue LMS (stLMS) C1, Chudasama SG2,
Hemming cLMS, Anderson subtype 2).>® This subtype
is characterised by overexpression of several muscle-
specific genes and is thought to be a molecular subtype of
low/intermediate grade and majority non-uterine tumours
of mostly conventional histology. Genomically, the ‘high-
myogenic’ group has been characterised by hypermethyla-
tion, lower genomic stability compared to other LMS, and
myocardin (MYOCD) amplifications (Table 1).

Anderson et al. also reported a ‘low myogenic’ or ‘ded-
ifferentiated’ molecular subgroup (Anderson subtype 1).*
Clustering analysis with other STS histologies showed that
the majority of Anderson subtype 1 LMS tumours tend
to co-cluster with non-LMS tumours, including undiffer-
entiated pleomorphic sarcomas. Histologically observed
dedifferentiation within LMS tumours has previously
been reported.”!” These reports describe tumours with
regions of classical LMS tissue, co-occurring alongside

de-differentiated non-myogenic components. Dedifferen-
tiation is a well-studied phenomenon across oncology and
often confers a higher grade and more aggressive tumour
type,! which may identify a high-risk patient population.

The different myogenic subtypes also differ in their
immune composition. In particular, the ‘low-myogenic’
or ‘dedifferentiated’ subtype (TCGA stLMS C2, Chu-
dasama SG1, Hemming iLMS, Anderson subtype 1) has
been shown to possess higher immune cell infiltrates.* %%
Through in silico deconvolution estimation of transcrip-
tomic data, these studies have reported enrichment of dif-
ferent immune cell types including high M2 macrophage,
NK cells, CD8+ T cells, or mast cells infiltration in the ‘low
myogenic’ molecular subtype (Table 1).

3 | CLINICAL SIGNIFICANCE

Some studies report improved outcomes in the ‘high-
myogenic’ subtype compared to the ‘low-myogenic’ sub-
type (Table 1). Although these findings are not consistent
across the different studies. Beck et al. and Guo et al.
utilised immunohistochemical analysis of selected protein
markers representing the relevant molecular subtypes and
assessed their association with patient survival.>’ Both
studies indicated significantly improved disease specific
survival (DSS) in the ‘high-myogenic’ group. Hemming
et al., found improved DSS for the cLMS subtype (high-
myogenic) compared to the iLMS subtype (low-myogenic)
while Anderson et al. reported improved DSS for subtype
2 (high-myogenic) compared to the other two molecular
subtypes combined.*® However, neither subtype variables
remained independent prognosticators following adjust-
ment for key clinicopathological variables in multivariable
analyses. In contrast, the study by The Cancer Genome
Atlas (TCGA) consortium revealed a significantly poorer
relapsed free survival (RFS) and DSS in stLMS C1 (high-
myogenic) versus stLMS C2 (low-myogenic).” However,
significance was again lost in multivariable analyses. The
inconsistent survival observations made by TCGA com-
pared to other studies may be explained in part by the
semi-supervised approach TCGA took to LMS subtyping,
where uLMS and stLMS were separated prior to analysis.
In summary, given the lack of consistency between the
different studies and absence of independent prognostic
value, the clinical utility of LMS molecular subtypes for
prognostication remains to be determined.

4 | FUTURE PERSPECTIVES

Robust transcriptomic-based molecular subtyping has
been deployed in precision oncology applications in
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routine clinical management and clinical trials of other
cancer types such as breast and colorectal cancer.'>"* To
advance molecular subtyping in the clinical management
of LMS, there is a need to first establish a robust and con-
sistent molecular classification. Due to differences in gene
expression profiling platforms and patient cohorts, there
are inconsistencies between the different LMS molecular
subtype studies that have been reported thus far. In order
to resolve some of the discrepant results, we suggest the
need for a community-driven multi-national collaborative
effort to undertake a cross-comparison analysis develop
a robust consensus molecular classification system.
This will facilitate the clinical translation of molecular
subtyping for the benefit of patients affected by LMS.
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