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Abstract. Background: Low-grade fibromyxoid sarcoma
(LGFMS) is a rare sarcoma subtype with a generally
indolent pattern of clinical behaviour, but treatments for
advanced disease are limited. Patients and Methods: A
retrospective search of a prospectively maintained
institutional database identified 102 patients treated from
December 1994 to August 2018. We evaluated the outcome
of patients and the efficacy and safety of non-surgical
therapies in LGFMS. Results: Ninety-four out of 102 (92.2%)
underwent primary resection, seven (6.9%) were treated with
systemic therapy and one (1.0%) is currently being treated
with pre-operative radiotherapy. The RECIST 1.1 response
rate to first-line chemotherapy was 0%, and median
progression-free survival was 1.84 months (95% confidence
interval=0.10-3.6 months). Conclusion: Conventional
systemic therapy has limited efficacy in advanced LGFMS.

Low-grade fibromyxoid sarcoma (LGFMS) is a rare sarcoma
subtype predominantly affecting younger adults, with equal
predilection for males and females. Sarcomas account for 1%
of adult cancer and LGFMS are estimated to represent fewer
than 5% of soft-tissue sarcomas (1, 2). LGFMS typically
present in the extremities and trunk. Histologically they are
described as bland spindle cell tumours with angulated
nuclei, scant cytoplasm arranged in a whorled pattern with
cells that are frequently immunoreactive for mucin 4 (1).
Despite their relatively low-grade histology, patients with
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LGFMS may present with an unusual distribution of
metastatic disease, which can be several years after primary
surgery. Therefore, it is essential that the diagnosis is
confirmed by an expert soft-tissue pathologist and these
patients are managed at specialist centres with experience in
treating this rare tumour (1-3).

Whilst chromosomal translocations are found in
approximately 20-25% of all sarcomas (4), they are found in
nearly all patients with LGFMS. The t(7;16)(q32-34; pl1)
chromosomal translocation and the resulting fusion of FUS
RNA binding protein (FUS)-cAMP responsive element
binding protein 3-like 2 (CREB3L2) is the most frequently
seen (75-95% of patients with LGFMS), whilst the FUS—
CREB3LI fusion gene is present in approximately 5% of
cases of LGFMS (2, 3). Both the CREB3L2 and CREB3LI1
genes encode transcription factors (5). A single-centre
retrospective review of 14 patients with LGFMS found no
association between the presence of the FUS-CREB3L2
fusion gene and local recurrence or metastatic disease (2).

Complete cytoreductive surgery with clear margins is the
standard of care for localised disease with or without
radiotherapy. In advanced, recurrent or metastatic disease
there are currently no data to support the use of any systemic
or locoregional treatments. However, re-excision of local
recurrence or excision of oligo-metastatic disease may be
considered in selected cases (2). In a case series of 36
patients with LGFMS treated with surgical resection with
curative intent, 5- and 15-year local control rates were 83%
and 79%, respectively (3).

Due to its indolent clinical behaviour, LGFMS it is not
considered to be particularly radiosensitive (2). Radiotherapy
with concomitant chemotherapy can be used as treatment for
locally advanced inoperable tumours. With often infiltrative
growth pattern, pre- or post-operative radiotherapy can, as in
other soft-tissue sarcomas, be considered in order to improve
local control, especially for tumours of the extremities.
Isolated limb perfusion (ILP) is used by some centres in
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order to enable limb-conserving surgery or avoid
radiotherapy in selected patients (6, 7). Other localised
treatments such as radiofrequency ablation (RFA) and
cryoablation have been attempted to treat oligo-metastatic
sarcomas (8, 9). However, as far as we are aware, there are
no published data reporting the use of these locoregional
treatments in LGFMS.

Due to its indolent behaviour and anecdotal experience,
the current consensus is that systemic therapy is inactive in
LGFMS (2). The best response seen in one study was
stabilisation of previously progressive disease (PD) in one
patient treated with trabectedin (2). There are published
reports of patients being treated with anti-oestrogenic
treatment, but there are no published pre-clinical or clinical
evidence to support their use (2). There are currently very
few published data on outcomes of patients with LGFMS, as
well as the efficacy and safety of systemic or locoregional
therapies. The aim of this study was to evaluate the outcome
of all patients with LGFMS treated at a single specialist
centre, as well as the efficacy and safety of systemic and
locoregional therapies for advanced/metastatic disease.

Patients and Methods

A retrospective review of the prospectively maintained Royal
Marsden Sarcoma Unit database was performed to identify patients
with LGFMS treated from December 1994 to September 2018.
Institutional approval was obtained prior to commencing the study
(approval number: SE885) and data collection cut-off was April
2019. Patient baseline characteristics and treatment history were
recorded. Since the Royal Marsden Hospital is a tertiary referral
centre for sarcoma, some patients had received part of their treatment
for LGFMS at other institutions. These patients were not excluded
from this study unless records of their treatment history were
unavailable. The diagnosis was confirmed in all cases by an expert
soft-tissue pathologist. Response Evaluation Criteria in Solid
Tumours (RECIST) 1.1 (10) was used to assess response to systemic
therapy and Common Terminology Criteria for Adverse Events
version 4.0 (11) was used to describe the severity of adverse events.
Re-staging was performed after every 2-3 cycles of systemic therapy.

All patients were staged pre-operatively using either a computed
tomography (CT) or magnetic resonance imaging of the primary site
and either a CT or plain radiograph of the chest. Patients with
disease that was considered operable were considered for either pre-
or post-operative radiotherapy. Re-staging was performed
approximately 6-8 weeks following surgery with restaging every 3-
6 months initially. Patients were considered for palliative
radiotherapy with or without systemic chemotherapy in cases of
inoperable or metastatic disease.

Pre-operative radiotherapy was given to a total dose of 50-50.4
Gy delivered in 2 Gy fractions. Post-operative radiotherapy was
given to a total dose of 50.4-66 Gy delivered in 2 Gy fractions,
whereas palliative radiotherapy was given to a total dose of 30-45
Gy in 2-3 Gy fractions. One patient received chemoradiotherapy to
a total dose of 54 Gy in 1.8 Gy fractions with four cycles of
concomitant cisplatin. Standard doses of systemic therapy were used
in all patients and local guidelines were followed with regard to

240

Table 1. Clinical characteristics of the 102 patients with low-grade
fibromyxoid sarcoma.

Characteristic Value

Age at presentation, years
Median (IQR)
Gender, n (%)

41.1 (30.5-55.3)

Female 50 (49.0)

Male 52 (51.0)
Primary site, n (%)

Extremity 46 (45.1)

Pelvis 19 (18.6)

Thorax 14 (13.7)

Retroperitoneum 9 (8.8)

Abdomen 8 (7.8)

Head/neck 6(5.9)
Tumour size, cm

Median (IQR) 6.5 (4.0-11.0)
Status, n (%)

Localised 86

Locally advanced 4

Metastatic 12
Radiation, n (%)

Pre-operative 6(5.9)

Post-operative 13 (12.7)

Palliative 4 (3.9)

dose interruption and reduction. Patients discontinued systemic
therapy on disease progression or intolerable toxicity (10).
Descriptive statistics were employed as well Mann—Whitney U-test
and the Kaplan—Meier method.

Results

Patient demographics. We identified 102 patients with
LGFMS treated at the Royal Marsden Hospital between 1994
and 2018. Patient characteristics are shown in Table I. The
median age at presentation was 41.1 years [interquartile
range (IQR)=30.5-55.3 years]. Fifty patients were female
(49.0%) and 52 were male (51.0%).

Tumour characteristics. Nine patients presented with metastatic
disease and the most common site of metastasis at presentation
was the lung (n=7, 6.9%). Four patients developed recurrent
metastatic disease, with a time from presentation to first
diagnosis of metastatic disease of 6.2, 33.7, 46.7 and 554
months, respectively. Most tumours originated in the extremities
(n=46, 45.1%) or in the pelvis (n=19, 18.6%). Tumour size was
known in 97.1% patients (99/102) and median tumour size at
presentation was 6.5 cm (IQR=4.0-11.0 cm).

Surgery. Ninety-four patients (92.2%) underwent surgical
resection as primary management. Re-excision was
performed in 13.8% patients (13/94) after incomplete
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Figure 1. Magnetic resonance imaging of patient treated with concomitant chemoradiotherapy for a locally advanced inoperable pelvic low-grade

fibromyxoid sarcoma.

resection of the primary tumour at first attempt. One patient
(1.0%) had a local recurrence following resection of a
primary tumour resected at our Institution. This patient went
on to have two further resections of the primary tumour, 6
years following the primary excision. A total of 77.7% of
patients (73/94) were treated with surgery alone and the
median time from presentation to death or last follow up was
59.1 months (IQR=24.9-82.4 months) for this cohort.

Of the eight patients (7.8%) who did not undergo primary
resection, one had metastatic disease at presentation, one
declined surgery, one is currently being treated with pre-
operative radiotherapy, and five had inoperable disease. One
patient with inoperable disease received definitive
radiotherapy with concomitant chemotherapy as their primary
treatment. For patients treated without surgery, local or
systemic treatments (n=5), the median time from presentation
to death was 37.7 months (IQR=32.7-76.6 months).

Radiotherapy. Pre- or post-operative radiotherapy was
employed in 20 patients. Six patients received pre-operative
radiotherapy prior to resection of their primary tumour and
five out of six patients treated with pre-operative radiotherapy
were alive at the time of analysis; the median time from
presentation to death or last follow-up was 32.2 months
(IQR=16.4-41.8 months). In 13 patients, radiotherapy was
given post-operatively, for 10 of those after resection of the
primary tumour, and for two after resection of local
recurrence. Seven out of 13 patients were alive at the time of
analysis, four had died, and the status of two patients was
unknown (154%). One patient had post-operative

radiotherapy after resection of an isolated chest wall
metastasis. In those who had post-operative radiotherapy to
the primary tumour, the median time from presentation to
death or last follow-up was 51.1 months (IQR=41.2-85.0
months). Of the 15 patients treated with pre- or post-operative
radiotherapy, the median time from presentation to death or
last follow-up was 50.8 months (IQR=30.3-57.7 months).
Three patients received palliative radiotherapy: One for pelvic
metastatic disease, another to a primary tumour in the
mandibular area, and one to the primary tumour.

One patient was treated with concomitant chemo-
radiotherapy for a locally advanced inoperable primary
tumour. This patient presented with pelvic pain and faecal
incontinence. Imaging demonstrated a large pelvic mass
(Figure 1) and biopsies confirmed LGFMS. The tumour was
deemed inoperable due to the high likelihood of an R2
resection and potential surgical morbidity and mortality. The
patient was therefore offered definitive radiotherapy with
concomitant weekly cisplatin chemotherapy with 54 Gy in 2
Gy fractions as their primary treatment. Prior to radiotherapy,
a de-functioning colostomy was offered to palliate symptoms.
Pain significantly improved following treatment and the post
treatment scans demonstrated stable disease (SD). However,
at 56 months after initial presentation, a surveillance CT scan
demonstrated a new 27 mm segment 6 liver lesion, whilst the
pelvic lesion remained stable in size and appearance (Figure
2). A magnetic resonance imaging scan was performed to
further characterise the new liver lesion which appeared to be
consistent with a metastatic deposit of LGFMS. A positron-
emission tomography-CT confirmed further sites of metastatic
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spread in the pelvis. The patient underwent resection of the
solitary deposit in the liver with a plan for further palliative
radiotherapy to the bone metastasis in the near future.

Systemic therapy. In this cohort, seven patients (6.9%) were
treated with systemic therapy. The indication for systemic
therapy was palliation of metastatic or recurrent disease. The
overall RECIST 1.1 (10) response rate was 0%. See Table II for
treatment details. For patients treated with surgery and systemic
therapy (n=6), the median time from presentation to death or
last follow-up was 35.0 months (IQR=40.1-150.1 months).

Endocrine therapy. Endocrine agents used included tamoxifen
in a patient erroneously given the diagnosis of a desmoid
tumour prior to pathology review at the Royal Marsden
Hospital. Since the patient had derived clinical benefit from
tamoxifen and had RECIST SD for 12 months, it was deemed
that the tumour was hormone-sensitive. Following disease
progression on tamoxifen, exemestane was commenced but
disease progression was documented following 8 months of
this treatment. The patient was then commenced on Caelyx.

Chemotherapy. Seven patients (7/102) were treated with
chemotherapy. Agents used in the first-line setting were
doxorubicin in four, Caelyx in one and combination ifosfamide
and doxorubicin in one. Two patients received ifosfamide as a
second-line treatment and Caelyx was used in the third-line for
two patients. Trabectedin was used as a third-line and fourth-
line treatment in two patients, respectively. Median overall
survival from the start of first-line chemotherapy was 120.4
months (95% confidence interval=56.3-184.5 months). Median
progression-free survival from the start of first-line
chemotherapy to first progression was 1.84 months (95%
confidence interval=0.10-3.6). One patient had maintained
disease stability (as per RECIST 1.1) on trabectedin given in
the third-line for 17.5 months (discontinued due to PD) and on
pazopanib given in the fourth-line for 87 months at time of
study. Of the seven patients treated with chemotherapy, FUS—
CREB3L2/FUS-CREB3LI translocations were seen in four
patients (negative in two patients and unknown in one patient).

Three  patients developed complications from
chemotherapy. One developed grade 3 cardiac failure and non-
neutropaenic sepsis after 1 cycle of Caelyx, requiring
admission to hospital and referral to a cardiology unit for the
management of cardiotoxicity. The patient eventually resumed
Caelyx after a 10-week delay and at a 40% dose reduction.
Despite these measures, the patient experienced grade 3
cardiac and haematological toxicities as well as PD, and the
treatment was discontinued. Another patient experienced grade
4 nausea after the first cycle of doxorubicin and required a
subcutaneous syringe pump with anti-emetics in subsequent
cycles. The same patient developed grade 3 neutropaenic
sepsis after cycle 5 of doxorubicin with cellulitis as the
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Figure 2. Computed tomographic scan of patient treated with
concomitant chemoradiotherapy, demonstrating development of new
liver metastasis after 56 months.

confirmed source. The third patient required a dose reduction
of ifosfamide due to frank haematuria. A Kaplan—Meier curve
for survival probability for patients treated with first-line
systemic chemotherapy is shown in Figure 3.

Targeted systemic therapy. One patient has been treated in
the fourth-line setting with pazopanib, an oral tyrosine kinase
inhibitor (TKI) targeting angiogenesis and has since
continued this treatment for the past 8 years with SD as best
response. Two patients were treated within phase II clinical
trials of the oral TKIs axitinib and brivanib.

Locoregional therapy. One patient was treated with RFA to
an isolated lung metastasis at another institution; however,
this was ineffective in achieving local control, with
progression of the treated lung metastasis and other distant
sites of disease following RFA treatment. No patients were
treated with RFA or ILP for LGFMS at our Institution.
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Figure 3. Kaplan—Meier curve for overall survival of patients following first-line systemic chemotherapy for low-grade fibromyxoid sarcoma.

Table II. Outcomes of patients with low-grade fibromyxoid sarcoma treated with systemic treatment for recurrent or metastatic disease.

Patient FUS- Systemic PFS from start Best Reason for Status OS from start of Toxicity
CREB3L2 treatment of treatment to  response* treatment first treatment
fusion first PD (months) discontinuation (months)
1 Positive Caelyx 1.84 PD PD Alive with 16.5 Caelyx: Grade
disease 3 heart failure
2 Positive Doxorubicin 1.51 PD PD Died of 140 Nil
Ifosfamide 3.72 SD Completed disease
treatment
3 Positive Doxorubicin 4.11 SD PD Alive with 106.1 Doxorubicin:
Phase II trial 9.44 SD PD disease Grade 3 nausea,
Caelyx 4.77 SD Completed grade 3 febrile
treatment neutropoenia
Trabectedin 8.75 SD PD
4 Unknown Tamoxifen 6.51 SD PD Died of 59.3 Nil
(insufficient sample =~ Exemestane 7.79 SD PD disease
for testing) Caelyx 2.76 SD PD
5 Negative Doxorubicin 1.32 PD PD Died of 7.0 Ifosfamide: Grade
Ifosfamide 1.58 PD PD disease 1 haematuria
6 Positive Doxorubicin 1.18 PD PD Died of 22.6 Nil
disease
7 Negative Ifosfamide + 3.02 SD PD Alive with 166.1 Phase II trial agent:
Doxorubicin disease Mucositis, thyroid
Phase II trial 8.29 SD PD dysfunction, rash
Trabectedin 17.49 SD PD and fatigue
Pazopanib 87.02 SD N/A

PD: Progressive disease; OS: overall survival; SD: stable disease. *As per RECIST 1.1 (10).

Discussion management in the advanced/metastatic setting. To our

knowledge, this single-centre retrospective study of LGFMS
Due to its rarity, there are limited published data regarding  is the largest published cohort to date (2, 12-20). Our data
the treatment and outcome of LGFMS. It can cause provide a benchmark for future studies of systemic therapy
significant morbidity with a paucity of evidence to guide in advanced LGFMS. An electronic search of
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ClinicalTrials.gov on 12th September 2019 using the term
“Low Grade Fibromyxoid Sarcoma” yielded one result (21).
However, other early phase clinical trials in solid tumours
may also include LGFMS as part of an ‘all comers’ cohort.

Most patients (92.2%) treated at our centre underwent
primary surgical resection with only a few (13.8%) requiring
re-excision for locally recurrent disease.

Several phase I and II studies of targeted agents have included
patients with LGFMS. In the multi-centre phase Il AXI-STS trial
(22) 71 patients with a range of soft-tissue sarcomas, including
one patient with LGFMS, were enrolled. Preliminary data
presented in 2014 demonstrated a 10% RECIST 1.1 (10)
response rate to the TKI axitinib and median progression-free
survival of 4.2 months across all sarcoma subtypes, however,
efficacy of axitinib in LGFMS is unknown (22). The ongoing
multi-centre PAZANTIS phase II/III trial randomises patients
with non-rhabdomyosarcoma soft tissue sarcomas to neo-
adjuvant chemoradiation or neo-adjuvant radiation with or
without the oral TKI pazopanib and results are awaited (21).
However, to our knowledge there are no published studies
demonstrating efficacy of targeted agents in treating LGFMS.

Despite only 6.9% of patients receiving systemic
treatments in this study, the RECIST 1.1 response rate to
first-line chemotherapy was 0%, with a median progression-
free survival of 1.84 months. These data indicate that
currently available conventional systemic therapies have
limited efficacy in LGFMS. In addition, there was no
significant difference in median time from presentation to
death compared to those treated without systemic treatments
for recurrent or advanced disease (47.3 vs. 50.7 months,
p=0.837), suggesting that conventional chemotherapy is
inactive in this subtype. Patients should therefore be offered
the option of participation in clinical trials.

In our study, 21 patients received radiotherapy with either
curative or palliative intent. Our limited experience of the
two patients with metastatic LGFMS treated with
radiotherapy suggests limited activity in this setting. The
phase I-II TRASTS study, which is now closed to
recruitment, explores the use of combination trabectedin and
radiotherapy to treat a variety of soft-tissue sarcomas
including LGFMS and the results are awaited (23). The role
of pre-/post-operative radiation in extremity/trunk soft-tissue
sarcomas is well established through a number of well
conducted, randomized trials (24-26). To date, we have no
experience of using locoregional therapies such as RFA,
cryoablation and ILP to achieve disease control but these
modalities warrant further investigation.

There are currently no putative prognostic biomarkers for
LGFMS; however, the FUS-CREB3L2 and FUS-CREB3LI
fusion genes, as well as the pathways influenced by the
CREB3L2 and CREB3LI wild-type genes, may be helpful in
building a greater understanding of the pathogenesis of this rare
tumour type and in developing effective therapeutic agents.
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