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Abstract
Purpose  Low-grade myofibroblastic sarcoma (LGMS) is a rare entity with a predilection for the head and neck. There are 
still no optimal treatment strategies for patients with LGMS. We retrospectively investigated the efficacies of chemotherapy 
and radiation treatment for patients with LGMS.
Methods/patients  We obtained data from the Surveillance, Epidemiology, and End Result (SEER) database for 96 patients 
diagnosed with LGMS between 2001 and 2015. We used Kaplan–Meier curves and log-rank tests to estimate overall survival 
(OS) and Cox proportional hazard regression to identify prognostic factors.
Results  The median age of the patients was 55.0 years. Twenty-two of the patients had LGMS in the head and neck region. 
Of the 96 patients, 86 (89.6%) received surgical treatment, 28 (29.2%) received radiation treatment, and 20 (10.4%) received 
chemotherapy. The mean OS was 125.2 [95% confidence interval (CI) 106.3–144.2] months. The 1, 3, 5, and 10-year OS 
rates were 88%, 77%, 70%, and 59%, respectively. Age greater than 60 years, positive nodal status, and no surgical treat-
ment were independent prognostic factors for patients with LGMS, whereas chemotherapy and radiation treatment were not.
Conclusions  Surgical resection is the most effective therapy for LGMS. Chemotherapy and radiation had limited effects on 
survival improvement for patients with LGMS. Therefore, chemotherapy and/or radiation therapy should not be routinely 
performed in LGMS, especially for those with negative margins after surgery.
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Background

Low-grade myofibroblastic sarcoma (LGMS), first reported 
by Mentzel in 1998 [1], is an extremely rare entity originated 
from the mesenchyme with a predilection for the head and 

neck [2]. LGMS is characterized by myofibroblastic pro-
liferation with fibromatosis-like features [3]. Recent liter-
ature describes LGMS at various sites including the skin 
[4], larynx [5], tongue [6], orbit [7], breast [3], femur [2], 
and posterior chest wall [8]. Local recurrence of LGMS is 
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much more common than distant metastases [9]. When dis-
tant metastasis occurs in LGMS, the heart or lungs may be 
involved [10].

Owing to the rarity of LGMS, the optimal treatment 
is still unclear. Like other soft-tissue sarcomas, LGMS is 
primarily treated with surgical excision [11]. For patients 
without clear tumor margins, radiotherapy is an option [6]. 
A previous population-based cohort study that included 49 
patients with LGMS from the Surveillance, Epidemiology, 
and End Results (SEER) database described the demo-
graphic and clinical characteristics of LGMS and investi-
gated prognostic factors [12]. That study was hardly able 
to investigate the efficacies of adjuvant treatments, because 
information on chemotherapy was not available, and none 
of the patients had radiation as a single treatment modality. 
In two other cohort studies that included 18 and 15 patients 
with LGMS, only 4 and 3 patients, respectively, received 
chemotherapy or radiation [1, 13]. Therefore, the roles of 
radiation and chemotherapy in LGMS are still controver-
sial. The purpose of the present study was to investigate 
the roles of chemotherapy and radiotherapy in the treatment 
of patients with LGMS using updated data from the SEER 
database.

Methods

Data source and patient population

We included patients with LGMS from the SEER database 
release of April 2019, named as Incidence—SEER 18 Regs 
Custom Data (with additional treatment fields), Nov 2018 
Sub (1975–2016 varying), which included information 
about radiotherapy and chemotherapy. The patients were 
selected according to the third-edition ICD-O (ICD-O-3) 
histological code 8825/3: Myofibroblastoma, malignant, 
which represents LGMS. Patients diagnosed from 2001 
to 2015 were included. Patients who were diagnosed at 
autopsy or via death certificate were excluded from our 
study.

The following data were retrieved for each patient: age 
at diagnosis (< 60 years or ≥ 60 years), gender (male or 
female), marital status (married, unmarried, or unknown), 
race (white or nonwhite), insurance status (insured, unin-
sured, or unknown), tumor grade (grade I–II, grade III–IV, 
or unknown), tumor size (< 4 cm, ≥ 4 cm, or unknown), 
nodal status (negative, positive, or unknown), SEER his-
toric stage (localized, regional, distant, or unknown), surgi-
cal treatment (surgery or no surgery), and treatment with 
radiation and chemotherapy (yes, no, or unknown for each). 
The primary tumor site was classified as “head and neck” 
or “non-head and neck” according to Site Recode ICD-O-3/
WHO 2008.

Statistical analysis

Quantitative data were described as the mean ± standard 
deviation (SD). Categorical data were presented as the 
number and percentage (N, %). Overall survival (OS) was 
defined as the time from LGMS diagnosis to death due to 
any cause or last known follow-up. Disease-specific sur-
vival (DSS) was defined as the time from LGMS diagnosis 
to cancer-related death or last known event (death or last 
follow-up). The variable of ‘SEER cause-specific death clas-
sification’ in the SEER database was used to identify cases 
died due to LGMS. Survival curves were generated using 
the Kaplan–Meier method. Log-rank test was used to deter-
mine the significance of differences between survival curves. 
To investigate the effect of treatments on survival, surgery, 
chemotherapy, radiotherapy, and other factors with P < 0.05 
in the log-rank test were further analyzed in a multivariate 
Cox proportional hazard regression model. All statistical 
analyses were performed using SPSS 22.0 (IBM Corpora-
tion, Armonk, NY). All survival charts were prepared using 
MedCalc 18.11.3. Two-sided P < 0.05 was considered sta-
tistically significant.

Ethics statement

The SEER database is an open database. Data released from 
the SEER database do not require informed patient consent, 
because cancer is a reportable disease in every state of the 
United States. The present study complied with the 1964 
Helsinki Declaration and its later amendments or compara-
ble ethical standards.

Results

Characteristics of the patients

A total of 96 patients were included in the analysis. The 
patient characteristics are shown in Table 1. Overall, there 
was a slight preponderance of females in the study sample 
(53.1% vs. 46.9%). The median age was 55.0 (interquar-
tile range: 36.5–66.8) years. The majority of the patients 
were married (52.1%), white (79.2%), and medically insured 
(71.9%). Seventy-four patients had primary tumors located 
in regions other than the head and neck, including the 
extremities, abdomen, pelvis, and thoracic region. The other 
22 patients had primary tumors in the head and neck region. 
The tumor grade was I–II and III–IV in 52.1% and 22.9% 
of the patients, respectively. Most of the tumors were larger 
than 4 cm (52.1%) and with negative nodal status (84.4%) 
at the time of first diagnosis. According to the SEER stage, 
49 (51.0%) of the tumors were localized, 24 (25.0%) were 
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Table 1   Characteristics of 
the low-grade myofibroblastic 
sarcoma patients in the SEER 
database and the results of 
log-rank test for the Kaplan–
Meier method in subject 
characteristics

Characteristics No. (%) OS DSS

Mean survival 
(mon)

P (Log-rank) Mean survival 
(mon)

P (Log-rank)

Age
  < 60 57 (59.4) 147.2 0.002 167.1 0.025

  ≥ 60 39 (40.6) 74.9 92.5
Gender
 Male 45 (46.9) 106.8 0.616 124.4 0.523
 Female 51 (53.1) 119.3 147.7

Marital status
 Married 50 (52.1) 116.0 0.577 136.6 0.143
 Unmarried 41 (42.7) 120.0 157.0
 Unknown 5 (5.2) 90.2 90.2

Race
 White 76 (79.2) 130.0 0.548 152.4 0.878
 Nonwhite 20 (20.8) 97.1 119.9

Insurance
 Insured 69 (71.9) 79.3 0.440 89.6 0.660
 Uninsured 2 (2.1) – –
 Unknown 25 (26.0) 133.7 156.4

Primary site
 Head and neck 22 (22.9) 116.6 0.134 121.6 0.421
 Non–head and neck 74 (77.1) 117.5 149.2

Laterality
 Unilateral 54 (56.3) 119.1 0.151 135.0 0.423
 Not a paired site 42 (43.8) 114.7 146.9

Grade
 Grade I-II 50 (52.1) 130.2 0.028 150.7 0.016
 Grade III-IV 22 (22.9) 87.6 115.5
 Unknown 24 (25.0) 115.5 133.3

Tumor size
 < 4 cm 20 (20.8) 132.9 0.088 – 0.014
 ≥ 4 cm 50 (52.1) 86.7 98.3
 Unknown 26 (27.1) 128.7 142.9

Nodal status
 Negative 81 (84.4) 109.8 0.036 122.9 0.012
 Positive 3 (3.1) 15.3 15.3
 Unknown 12 (12.5) 104.3 155.9

SEER stage
 Localized 49 (51) 132.6 0.004 156.5 0.017
 Regional 24 (25) 123.5 128.8
 Distant 8 (8.3) 58.3 90.2
 Unknown 15 (15.6) 68.3 79.6

Surgery
 Yes 86 (89.6) 131.2 0.011 153.3 0.450
 No 10 (10.4) 71.1 119.1

Radiation
 Yes 28 (29.2) 105.9 0.326 121.9 0.163
 No/unknown 68 (70.8) 129.8 159.6

Chemotherapy
 Yes 10 (10.4) 80.7 0.021 112.6 0.016
 No/unknown 86 (89.6) 119.5 140.8

SEER Surveillance, Epidemiology, and End Result; OS overall survival, DSS disease-specific survival
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regional, and only 8 (8.3%) were distant. Eighty-six (89.6%) 
of the patients received surgical treatment, 28 (29.2%) 
received radiation treatment, and 20 (10.4%) received 
chemotherapy.

Survival estimates and prognostic factors

The mean OS stratified by each variable is listed in 
Table 1. For the total cohort, the mean OS was 125.2 
(95% CI 106.3–144.2) months. The 1, 3, 5, and 10-year 
OS rates were 88%, 77%, 70%, and 59%, respectively 
(Fig. 1a). OS curves for patients that received surgery, 
chemotherapy, and radiotherapy are shown in Fig. 1b–d. 
In the log-rank test, age, tumor grade, nodal status, SEER 
stage, surgery, and chemotherapy had significant effects 
on survival; however, radiotherapy did not. In the multi-
variate Cox regression analysis, age greater than 60 years 
[hazard ratio (HR) = 4.34; 95% CI 1.67–11.31], positive 
nodal status (HR = 16.31; 95% CI 2.15–123.76), and no 

surgical treatment (HR = 4.84; 95% CI 1.15–20.33) were 
independent prognostic factors for patients with LGMS. 
Treatment with chemotherapy or radiation had no inde-
pendent effects on OS in the multivariate analysis. The 
results of multivariate Cox regression analysis are shown 
in Table 2. 

Overall ,  the mean DSS was 152.4 (95% CI 
135.9–169.0) months. The 1, 3, 5, and 10-year DSS rates 
were 93%, 85%, 79% and 76%, respectively (Fig. 2a). 
The mean DSS stratified by each variable is listed in 
Table 1. The log-rank test showed that age, tumor grade, 
tumor size, nodal status, SEER stage, and chemotherapy 
had significant effects on DSS. DSS curves for patients 
that received surgery, chemotherapy, and radiation are 
shown in Fig.2b–d, respectively. Except for unknown 
SEER stage, positive nodal status was the only inde-
pendent prognostic factor for DSS (HR = 24.90; 95% CI 
2.24–276.87). Neither surgery, nor chemotherapy, nor 
radiation was an independent prognostic factor for DSS. 

Fig. 1   Overall survival for the total cohort (a) and survival curves for patients with and without surgery (b), chemotherapy (c) and radiation (d)
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The results of the multivariate Cox regression analysis for 
DSS are shown in Table 2.

The role of chemotherapy and radiation in patients 
treated with surgery

Of the ten patients that did not receive surgery, three 
received radiotherapy, and two underwent chemotherapy. 
Of the other 86 patients, 54 received surgical treatment 
alone. The mean OS among those patients was 114.8 (95% 
CI 99.2–130.4) months. Seven patients received both sur-
gery and chemotherapy. The mean OS among those patients 
was 88.6 (95% CI 22.8–154.3) months. Four of the patients 
that received surgery and chemotherapy were deceased by 
the time of last follow-up, three because of tumor-related 
causes. Twenty-four patients received both surgery and 
radiotherapy. The mean OS among those patients was 115.9 
(95% CI 82.9–148.9) months. One patient received surgery, 

chemotherapy, and radiotherapy and was still alive at the last 
follow-up with 39 months of survival. The distribution of 
patient survival outcomes is shown according to the different 
treatment strategies in Fig. 3. Survival curves for patients 
that received the different treatments are shown in Fig. 4.

Discussion

LGMS is classified as a distinct type of soft-tissue tumor 
by the World Health Organization [6]. The purpose of our 
study was to estimate the survival of patients with LGMS in 
the United States and to investigate the efficacies of chemo-
therapy and radiotherapy in the treatment of those patients. 
Our analysis revealed a series of prognostic factors. Nodal 
status was an independent prognostic factor for OS and DSS 
in the present study. Its clinical value should not be overes-
timated based on current statistical evidence, because only 

Table 2   Multivariable Cox 
regression for analyzing the 
prognosis factors for low-
grade myofibroblastic sarcoma 
patients in the SEER database

SEER Surveillance, Epidemiology, and End Result, OS overall survival, DSS disease-specific survival

Subject characteristics OS DSS

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

Age
  < 60 1.0 1 1.0 1

  ≥ 60 0.003 4.34 (1.67–11.31) 0.089 2.98 (0.85–10.52)
Grade
 Grade I-II 1.0 1 1.0 1
 Grade III-IV 0.083 2.30 (0.90–5.89) 0.070 3.86 (0.90–16.60)
 Unknown 0.484 0.66 (0.20–2.13) 0.852 1.16 (0.25–5.42)

Tumor size
  < 4 cm 1.0 1 1.0 1
  ≥ 4 cm – – 0.932 NA
 Unknown – – 0.936 NA

Nodal status
 Negative 1.0 1 1.0 1
 Positive 0.007 16.31 (2.15–123.76) 0.009 24.90 (2.24–276.87)
 Unknown 0.596 1.38 (0.42–4.52) 0.961 1.06 (0.11–9.89)

SEER stage
 Localized 1.0 1 1.0 1
 Regional 0.362 1.62 (0.58–4.56) 0.094 3.44 (0.81–14.61)
 Distant 0.136 2.95 (0.71–12.24) 0.989 0.98 (0.07–13.93)
 Unknown 0.086 2.66 (0.87–8.12) 0.020 7.70 (1.38–42.96)

Surgery
 Yes 1.0 1 1.0 1
 No 0.031 4.84 (1.15–20.33) 0.344 2.80 (0.33–23.55)

Radiation
 Yes 1.0 1 1.0 1
 No/unknown 0.053 0.39 (0.15–1.01) 0.140 0.34 (0.08–1.43)

Chemotherapy
 Yes 1.0 1 1.0 1
 No/unknown 0.805 0.85 (0.22–3.21) 0.832 0.83 (0.14–4.92)
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three of the patients in the analysis had positive nodal status 
(3.1%). In a previous SEER cohort of patients with LGMS, 
there was only one case of lymph metastasis, so nodal sta-
tus was not significantly associated with patient survival 
[12]; however, age greater than 60 years was associated 
with worse OS and DSS (OS: HR = 11.3, P = 0.01; DSS: 
HR = 15.5, P = 0.02) [12]. In accordance with those results, 
age at diagnosis was an independent prognostic factor for 
OS in our cohort. Because of the rarity of LGMS, more 
prognostic factors for patients with LGMS are likely to be 
found as more data become available.

Surgical resection with a negative margin is the primary 
means to prevent local recurrence in soft-tissue tumors 
[14]. Keller et al. emphasized the importance of surgery in 
the long-term survival of two children that were diagnosed 
with stage I myofibrosarcoma [11]. Due to low incidence of 
LGMS and the missing data, up to now, no large population-
based studies investigated the correlation between surgical 

margin and survival of LGMS [1, 12, 13]. Several case 
reports concluded that LGMS patients with negative margins 
were free of disease in follow-up [5, 15]. On the other hand, 
it was reported that three patients with positive margins dead 
of currencies despite of receiving radiation treatment after 
surgery [16]. In our cohort, patients that received surgical 
treatment had longer OS than those that did not receive sur-
gical treatment. Absence of surgical treatment was a poor 
prognostic factor for OS, although it was not an independent 
prognostic factor for DSS. Surgical margins and operation 
methods were not available in the present database and their 
effect on survival should be investigated in further studies.

There is currently no guideline recommending chemo-
therapy for patients with LGMS, and the role of adjuvant 
chemotherapy remains unclear [12]. Previous reports have 
suggested a limited role for chemotherapy in the treatment of 
LGMS [11, 15]. There are some case reports of patients with 
LGMS that received chemotherapy [5, 8, 17]. The authors 

Fig. 2   Disease-specific survival for the total cohort (a) and survival curves for patients with and without surgery (b), chemotherapy (c) and 
radiation (d)
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of those reports recommended adjuvant chemotherapy as 
a potential treatment strategy, particularly when complete 
excision of the tumor is difficult. Chemotherapy might also 
be considered if the tumor shows evidence of invasion into 
adjacent tissues or if there is evidence of lymphatic and/
or hematological metastasis [16]. One patient had substan-
tial clinical improvement after chemotherapy [8]; however, 
because of the scarcity of clinical evidence on the efficacy 
and side effects, chemotherapy was not generally recom-
mended [7]. An 8-year-old girl that was diagnosed with 

LGMS presented a 0.5 cm increase in tumor diameter after 
receiving three courses of neoadjuvant chemotherapy. That 
patient subsequently underwent surgical treatment, and there 
was no imaging evidence of recurrence 6 years after sur-
gery [11]. In our study, patients that did not receive chemo-
therapy or whose chemotherapy status was unknown had 
longer survival than patients that received chemotherapy. 
Chemotherapy was not an independent prognostic factor for 
patients with LGMS, however. The relatively longer sur-
vival of patients that did not receive chemotherapy might be 
explained by the small sample size of patients that received 
chemotherapy or by treatment bias on the part of the oncolo-
gists. Furthermore, as a type of rare sarcoma, LGMS may 
be pathological misdiagnosis, which leaded to overtreatment 
or undertreatment.

A previous case report suggested that radiation might 
be a curative treatment for intermediate-grade myofibro-
blastic sarcoma [6]; however, LGMS is generally thought 
to be poorly responsive to radiation therapy [18]. The role 
of radiation could not be assessed in a previous analysis of 
patients with LGMS in the SEER database, because none of 
the patients had radiation as a single-modality therapy [12]. 
In our cohort, 28 patients received radiation treatment, but 
only 2 of those had radiation as the single mode of treatment. 
Radiotherapy was not an independent prognostic factor for 
LGMS in our cohort.

This work had some limitations. First, some variables 
were not available in the SEER database, including the 
extent of surgical resection, lymph node dissection, and 

Fig. 3   The distribution of 
patient’s survival outcome 
according to different treatment 
strategies

Fig. 4   Survival curves for different treatments in 86 patients treated 
with surgery
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margin status. Each of those variables has been associated 
with the survival of patients with soft-tissue sarcomas [19, 
20]. Second, although previous studies reported that the 
oral cavity is the most common site of primary LGMS [7, 
15], the oral cavity was the primary tumor site in only four 
patients in our cohort. That difference might be attributed 
to inaccurate coding within the SEER database [12]. Third, 
the specific regimen of the adjuvant chemotherapy was not 
available in the SEER database. Therefore, we could not ana-
lyze the effects of certain chemotherapy regimens on LGMS. 
Besides, there was more than 25% missing data for the fac-
tors of tumor grade and tumor size. During the analysis, 
we coded these cases with missing data as “unknown” and 
incorporated them into the multivariable regression model. 
Although the statistical power of the results was guaranteed, 
the results may be partly affected and the results should be 
explained with caution. Last but not least, detailed treatment 
performance information was not available in SEER data-
base. Thus, the present study cannot give further analyses on 
different effects led by the order of treatment performance.

Conclusions

LGMS is an extremely rare sarcoma. The mean OS among 
96 patients with LGMS was 125.2 months. Nodal status 
was an independent prognostic factor for OS and DSS. Age 
greater than 60 years and no surgical treatment were poor 
independent prognostic factors for OS. Surgical resection is 
the primary treatment modality for LGMS. Chemotherapy 
and radiotherapy showed limited effects on patient survival. 
Adjuvant application of chemotherapy and/or radiotherapy 
in patients with LGMS was not correlated with improved 
survival. Therefore, chemotherapy and/or radiotherapy 
should not be routinely performed to treat LGMS patients 
with negative margins. For patients with positive margins or 
recurrent disease, chemotherapy and/or radiation cloud be 
an alternative treatment.
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