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Abstract

Background.—The optimal management of patients with stage IV soft tissue sarcoma of
the extremity (STSE) with distant metastases at diagnosis is unclear due to limited evidence
and heterogeneity of current practice patterns. National guidelines have recommended surgical
management of the primary site (SP) with or without radiotherapy (R), chemotherapy (C), and
metastasectomy (M).

Methods.—In the National Cancer Database (NCDB), patients with initially metastatic STSE
who received definitive SP from 2004 to 2014 were identified. Survival distributions were
estimated and compared using the Kaplan—Meier method and log-rank tests, and covariates were
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compared using Chi-square tests or analysis of variance (ANOVA). Propensity score analysis
using inverse probability of treatment weighting was used.

Results.—Overall, 1124 patients were included, with a median age of 55 years (range 18-90).
Utilization of SP+M increased over time from 18.8% in 2004-2006, to 33.3% in 2007-2009,

to 47.9% in 2010-2014 (p = 0.024). The addition of M to SP was associated with superior

5-year overall survival (OS) at 30.8% (SP+M+/-C+/-R) compared with 18.2% for those treated
with non-surgical adjuvant therapies (SP+/-C+/-R) and 12.6% for SP alone (p<0.0001). Positive
surgical margins were noted in 24.1% of patients and was associated with worse OS (hazard ratio
1.44, p<0.001) on multivariable analysis.

Conclusions.—This is the first known study utilizing a large database to explore practice
patterns and outcomes for patients with metastatic STSE receiving definitive SP. Utilization of
metastasectomy increased in the study period and was associated with longer survival compared
with SP alone. These hypothesis-generating data warrant additional study.

Soft tissue sarcomas (STS) are a heterogeneous group of uncommon malignancies

that constitute about 1% of adult malignancies, with more than 50 different histologic
subtypes.1:2 For resectable stage Il and 111 STS of the extremity (STSE), the standard of
care is surgery with pre- or postoperative radiation therapy.? The role of radiation has

been established for STSE34 and several database studies illustrate a survival benefit with
radiation therapy, particularly for high-grade tumors.>-7 There is no consensus regarding the
role of chemotherapy.8-10

The National Comprehensive Cancer Network (NCCN) guidelines for STSE recommend
definitive local therapy in patients with limited metastatic disease with or without
metastasectomy (M). Adjuvant therapies including chemotherapy or other metastases-
directed therapies, such as stereotactic body radiation therapy (SBRT), cryotherapy, or
embolization, are options. Local therapy is not recommended for those with disseminated
metastases.? The specificity of these recommendations is limited by the strength of data
supporting each approach and the NCCN states that “no data [are] available to support the
optimal management of patients presenting with metastatic disease.”

Optimal management for patients with limited stage IV STSE remains unclear. Distant
metastases occur in 20-50% of patients with STS and the most common site of spread

is the lungs.211-13 The role of pulmonary metastasectomy is well-established and has

been extensively studied on sarcomas in the metastatic setting.13-16 Studies have shown
that metastasectomy has the potential to lead to long-term survival in patients with
sarcoma pulmonary metastases.11:1314.16.17 There is a growing body of literature showing
definitive local and metastases-directed therapy may improve survival in patients presenting
with oligometastatic disease.18-20 Despite the benefit of metastasectomy or metastases-
directed therapy, there are limited data regarding the utilization and survival impact of
metastasectomy combined with aggressive local therapy to the primary sarcoma in the
upfront setting for stage 1V patients presenting with distant metastatic disease. Due to the
rarity of STS and the absence of randomized studies, large-scale retrospective data may be
informative. We sought to determine the benefit and utilization of therapies in addition to
surgical management of the primary site (SP), specifically metastasectomy, and patterns of
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care for patients with stage IV STSE presenting with distant metastatic disease, using a large
database approach.

METHODS AND MATERIALS

The National Cancer Database (NCDB) is a joint program of the Commission on Cancer

of the American College of Surgeons and the American Cancer Society that captures
approximately 70% of newly diagnosed malignancies in the US. The NCDB was queried for
patients with STSE diagnosed from 2004 to 2014.

Patients with stage IV STSE who received definitive resection of the primary

site (SP) were included. The database was then queried for additional adjuvant

therapies such as fractionated radiotherapy to the primary tumor (R), chemotherapy

(C), and metastasectomy (M), which was defined as surgery to a non-primary site
(RX_SUMM_SURG_OTH_REGDIS = 1-5). Radiation treatment volume was limited to
soft tissue and dose was limited to > 45 Gy, as that is the lowest definitive dose specified

by the NCCN, to capture only definitive doses to the primary.2 For both radiation and
chemotherapy, pre- and postoperative dosing was captured, as long as the patient received
definitive SP. Patients with previous malignancies, incomplete treatment records, or survival
data were excluded (Fig. 1).

Due to limited patient numbers, patients were grouped into those receiving SP alone, SP
with metastasectomy (SP+M+/-C+/-R) [referred to as the metastasectomy group], and SP
with other non-surgical adjuvant therapies (SP+/-C+/-R) [referred to as the non-surgical
adjuvant therapies group]. Disease covariates examined included grade, histologic group,
lymphovascular invasion (LVI), tumor size (0-5 cm, > 5-10 cm, > 10-15 cm, > 15 cm),
regional lymph nodes (LNs) examined (0, = 1), LN positivity (= 1 LN positive of LNs
examined), T/N/M clinical/pathologic stage, surgical margin status, treatment facility type,
treatment facility location, distance to treatment facility, and year of diagnosis (2004-2006,
2007-2009, or 2010-2013). Patient characteristics examined included, age, age group (> 55
vs. < 55 years), sex, race (White, Black, other), comorbidities based on the Charlson-Deyo
comorbidity score (0 vs. = 1), insurance status (private, uninsured, government), median
income, area of residence, and education.

Statistical Analyses

Patient demographics, disease, and treatment characteristics with descriptive statistics were
compiled (Table 1). Overall survival (OS) was the primary endpoint and was defined as

the time from diagnosis date to date of death or last follow-up. Survival distributions

for the treatment comparison were estimated using the Kaplan—Meier method and were
compared using log-rank tests. Covariates were compared across treatment groups using
Chi-square tests or analysis of variance (ANOVA), where appropriate. Univariate Cox
proportional hazards models for OS were fit as a function of each covariate. A multivariable
Cox proportional hazards model for OS was fit as a function of treatment group, disease
covariates and patient characteristics as listed above, and year of diagnosis.
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To balance for known confounders, we used a two-part analysis. Covariates included

for balance were insurance (private, uninsured, government), sex (male, female), race
(White, Black, other), Charlson—-Deyo comorbidity score (0, = 1), grade, year of diagnosis
(2004-2006, 2007-2009, 2010-2013), age at diagnosis (< 55, > 55 years), and regional
nodes examined (0, = 1). To balance across three treatment cohorts, propensity score
matching (PSM) was implemented via estimation by multinomial logistic regression

using the covariates above as predictors. Matching was determined using a caliper
approach.21-23 Standardized differences < 0.1 indicated adequate covariate balance.
Alternatively, propensity scores from the PSM were estimated and converted into adjusted
inverse probability treated weighted (IPTW) values. Propensity scores were stabilized via
multiplication by the marginal probability of receiving the treatment observed.24 Finally,
the weights were normalized to the original sample size. Thus, cases were then reweighted
based on those IPTW values for the final analysis. Histology was not included as a covariate
due to eight subtypes, significant proportion unknown histology, and challenges with PSM,
where only 177 patients per arm were included. All cases with non-missing covariates were
included and were reweighted based on a standardized propensity score. Further details

on IPTW analysis are reported in electronic supplementary Table 5. The analysis was
performed using SAS 9.4 (SAS Institute, Inc., Cary, NC, USA). Significance was assessed at
the 0.05 level.

The NCDB sarcoma database contained 82,987 cases. After relevant inclusion and exclusion
criteria were applied, 1124 cases were included in this analysis. Overall, 1032 patients

who did not have SP with stage IV STSE were excluded. The median age at diagnosis

was 55 years (range 18-90). Most patients were Caucasian (79.7%), male (58.1%), and

with a Charlson—-Deyo comorbidity score of 0 (80.8%); 58% of patients received care at

an academic center and 45.6% had private insurance. Full descriptive statistics are shown

in Table 1. Notably 331 (29.4%) patients received SP alone, 186 (16.5%) were included

in the metastasectomy cohort (SP+M+/-C+/-R), and 607 (54.0%) were included in the
non-surgical adjuvant therapies cohort (SP+/-C+/-R), with the majority of patients having
uncertain, undifferentiated, or unclassified sarcoma (7 =575, 51.1%). Most tumors (65.2%)
were poorly differentiated/undifferentiated. T stage in the NCDB did not correspond to
current size definitions and tumors were grouped based on the American Joint Committee on
Cancer (AJCC) 8th edition criteria. The preponderance of tumors were large, with 26.4% >
10-15 cm (T3) and 33.4% > 15 cm (T4). There were 125 patients (11.1%) with clinically
positive LN disease and 87 (7.7%) with pathologically positive LN disease.

Treatment Comparisons

After treatment subgrouping, 607 patients (54%) were treated with non-surgical adjuvant
therapies, 186 (16.5%) were treated with metastasectomy, and 331 (29.5%) were treated
with SP alone. Patients who underwent SP alone were significantly older (69.2% were > 55
years, median 68 years) compared with the metastasectomy (33.3% were > 55 years, median
49 years) and non-surgical adjuvant therapy (43.8% were > 55 years, median 53 years)
groups (p<0.001). More patients had a Charlson-Deyo Score of 1+ in the SP-alone cohort
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(26.9%) compared with the metastasectomy (17.7%) and non-surgical adjuvant therapy
(15.5%) groups (p < 0.001). The utilization of SP+M increased over time, increasing
from 18.8% in 2004-20086, to 33.3% in 2007-2009, to 47.9% in 2010-2014 (p = 0.024).
The utilization of SP alone in those same time periods was 30.2%, 30.8%, and 39.0%,
respectively. Full treatment comparisons are shown in Table 2.

Survival Analysis

Patients treated with SP+M+R had the best 5-year OS and median OS of 56.1% and 5.2
years, respectively. Patients who received the most aggressive therapy with SP+M+C+R had
the next best 5-year OS at 36.5%, however the median OS (2 years) for SP+M+C+R was
less than the median OS (3 years) for those treated with SP+C+R. Patients treated with

SP alone had the worst 5-year OS and median OS, at 12.6% and 0.8 years, respectively,
followed closely by those who received SP+C, at 14% and 1.6 years, respectively. Kaplan—
Meier curves are shown in Fig. 2a and full survival details for individual treatment groups
are shown in electronic supplementary Table 1. Due to limited patient numbers, patients
were further grouped as described previously. Median OS and 5-year OS were 0.8 years and
12.6%, respectively, following SP alone, compared with 1.9 years and 30.8% for patients
treated with metastasectomy, and 1.8 years and 20.7% for those treated with other non-
surgical adjuvant therapies (p<0.0001). Kaplan—Meier curves are shown in Fig. 2b and full
survival data are available in electronic supplementary Table 2. The likelihood of additional
events for patients who have survived 7 years after metastasectomy is very limited.

Patients with adipocytic tumors had the best 5-year OS and median OS, at 28.7% and 2.3
years, respectively (p<0.001), while patients with vascular tumors had the worst 5-year OS
and median OS, at 12.1% and 0.8 years, respectively (p<0.0001). Kaplan—Meier curves are
shown in Fig. 3 and full survival data are available in electronic supplementary Table 3.

Multivariable Analysis

On multivariable analysis (MVA), patients treated in the metastasectomy group had the
best OS [hazard ratio (HR) 0.45, p<0.001], followed by non-surgical adjuvant therapies
(HR 0.53, p<0.001) compared with SP alone. Adipocytic tumors portended the best OS
(HR 0.43, p<0.001). Patients treated at an academic center had superior OS compared

with those treated at community cancer programs (HR 0.78, p = 0.032). Positive surgical
margins (+SM) were associated with worse OS (HR 1.44, p<0.001), and tumors>10-15

cm (HR 1.41, p=0.032) and > 15 cm (HR 1.84, p<0.001) were predictive for worse OS
compared with tumors <5 cm. Higher Charlson—Deyo score and having poorly differentiated
or undifferentiated tumors trended with inferior OS (Table 3), while LN sampling trended
with having improved OS (HR 0.74, p=0.07). Age, sex, race, and year of diagnosis had no
impact on survival on MVA. Univariate analysis was performed (electronic supplementary
Table 4).

Propensity Score Analysis

On IPTW, patients in the metastasectomy group had the best OS (HR 0.56, 95% confidence
interval [CI] 0.45-0.70; p<0.001), followed by those in the non-surgical adjuvant therapies
group (HR 0.68, 95% CI 0.58-0.79; p<0.001) compared with those treated with SP
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alone. All treatment groups and variables demonstrated good balance, with standardized
differences < 0.1 (electronic supplementary Table 5). PSM was attempted and also showed
improved OS for those in the metastasectomy group (HR 0.57, 95% CI 0.44-0.73; p<0.001)
and the non-surgical adjuvant therapies group (HR 0.71, 95% CI 0.56-0.90; p= 0.005)
compared with those treated with SP alone; however, six of eight groups included in the
PSM model had imbalance, therefore these data were not included in the analysis.

DISCUSSION

For synchronous oligometastatic sarcoma, expert guidelines recommend aggressive
management of both the primary and limited metastatic sites; for disseminated metastases,
palliative therapy without surgical resection of the primary is recommended.28 There are
limited data to guide optimal management of oligometastatic sarcoma. This study utilized
the NCDB to evaluate the impact of local therapies in patients with M1 disease treated
with surgical resection of the primary sarcoma. Patients with definitive surgery to the
primary (SP) were chosen to help minimize selection bias from comparisons with patients
who have either diffuse metastases (number of metastases is not coded in the NCDB),
poor performance status, medical comorbidities, or other unmeasured confounders making
them not amenable to local surgery. Previous data for patients receiving definitive SP+M
demonstrated that those presenting initially with N1 MO disease had a 5-year OS of 59%,
while those with M1 disease had a 5-year OS of 8%.2° Patients receiving chemotherapy
alone were intentionally excluded from this study as it has been shown that receiving
chemotherapy alone in the metastatic setting has resulted in poor improvements in OS.26

While it would have been ideal to compare all eight of the different treatment groups
individually, the rarity of the disease limited comparisons of these subgroups. Notably,
MVA showed that the metastasectomy cohort had the best OS, with a median of 1.9 years
and 5-year OS of 30.8% (HR 0.45, p<0.001, compared with SP alone). While the NCDB
does not code for details of metastases, the literature is conflicted about the impact of size
and exact number. Some studies have shown that single,6 < 2,11.27 or < 425 pulmonary
metastases was associated with improved OS; however, other data have shown the number of
metastases did not impact survival, as long as a complete resection could be achieved.1328
Studies have shown trends towards improved OS with the diameter of the largest metastasis
< 2 cm,while others have shown worse OS for metastases > 3cm.2’ In some studies, the
presence of unilateral or bilateral lung metastases was not found to impact 0S,2°28 whereas
others found bilateral metastasectomy predicted for worse 0S.2” One of the main aspects
of this study that makes it unique is that it allows for the comparison of metastasectomy

to a control group that was able to receive surgery, was well-matched on IPTW, and was
well-matched across all treatment categories. These are hypothesis-generating data that
require further evaluation, along with study of patients with metachronous metastatic STSE.

The guidelines regarding metastasectomy remain controversial,12:17:28 with some claiming
there are no established guidelines and metastasectomy eligibility should be determined
on a case-by-case basis,29 while others have suggested feasibility of resection, number
and location of metastases, and performance status as variables to consider prior to
metastasectomy.2> The most commonly accepted criteria for metastasectomy candidacy
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are control of the primary tumor, surgical feasibility, lack of significant comorbidities,

and no extrapulmonary lesions.26:28 With the improvement in OS seen in this study with
SP+M, it is reassuring to note that there has been a statistically significant increase in

the utilization of SP+M over time, from 18.8% in 2004-2006 to 47.9% in 2010-2014
(Table 1). These data add to the growing body of literature showing definitive local and
metastases-directed therapy may improve survival in patients presenting with synchronous
metastatic disease.13:18-20.25,29,30

Of note, the role for radiotherapy in the treatment of metastatic STS is poorly defined. In our
study, SP+M+R had the best OS, with a median of 5.2 years, while those with SP+M+C+R
had worse OS. In the non-metastatic setting, several database studies have shown a survival
benefit with definitive radiation therapy of the primary,6.7 especially for high-grade tumors.>
Primary-directed radiotherapy can be utilized in a diverse array of clinical situations,
including prior to palliative debulking, attempts to improve the chances of margin-negative
resection, or even more definitive intent in a patient who is a borderline surgical candidate.
In this analysis, radiation was defined as = 45 Gy to exclude palliative intent treatment, but
specific goals of radiotherapy are not available in the NCDB. Metastasis-directed SBRT has
been shown to be efficacious, with limited toxicity and to potentially improve survival for
mixed cohorts of metachronous and synchronous metastatic STS.31:32 Allowing for radiation
to other sites, such as with SBRT to pulmonary metastases, could have confounded these
results but warrants future study.

There is not a consensus regarding the use of chemotherapy for sarcoma. Meta-analyses
have shown improved response rates with the addition of agents to doxorubicin for
metastatic or advanced STS, however they have not translated to a survival benefit.33:34

In the metastatic setting, multi-agent doxorubicin-based chemotherapy is often administered
to patients with good performance status, those with histologic groups more responsive to
chemotherapy, symptomatic patients, or patients being considered for surgery, especially if
it made an unresectable lesion resectable.26:2% Many other studies have found no survival
benefit in the addition of chemotherapy with metastasectomy,11:25.27.35 with some finding a
survival detriment.1” Chemotherapy targeted to histologic subtypes has not been shown to be
beneficial 36

This study highlighted the importance of RO resection even when treating metastatic STS.
On MVA, superior OS was associated with negative surgical margins and treatment at an
academic center (Table 3). The importance of negative surgical margins has been previously
shown,16:17.:30.31 and cannot be overstated, even in the metastatic setting. While there are
mixed data showing the prognostic importance of grade!3:31 or not,27:3 this study found

a non-significant trend towards worse OS associated with high-grade primary lesions. The
lack of survival detriment could be due to the fact that once patients develop pulmonary
metastatic disease, the grade of the primary may be less relevant. This study also found

that certain histologies were associated with better OS, including adipocytic, fibroblastic or
fibrohistiocytic, and smooth muscle tumors (Fig. 3, Table 3)
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Limitations

The limitations of this study included limited details about number, size, and location of
metastatic lesions, limited sample size, and heterogeneity of patients and tumors. The NCDB
does not code for distinction between M1 as non-regional lymphatic spread and visceral
metastases, which are associated with significantly different prognoses. Furthermore, as a
large, multi-institutional database, the studied patient population included 28.8% of tumors
with uncertain histology, which limits generaliz-ability as different histologies have different
predilections for local and distant spread. The use of patients who had surgical resection of
a primary tumor was an attempt to mitigate unmeasured confounding variables that cannot
be corrected by IPTW or PSM; however, inability to assess details of metastatic lesions is

a significant limitation to adequately balance patient characteristics. For example, otherwise
identical patients with 1 versus 15 metastatic lesions, metastasis in the carina versus
extremity, or bulky versus subcentimeter metastases have drastically different prognoses

and treatment options. Additionally, complete details of radiotherapy and type or dosing

of chemotherapy are not available in the NCDB. Restriction of radiotherapy to patients

with definitive dosing regimens was used to decrease confounding, with potentially widely
metastatic patients only receiving partial or palliative intent radiotherapy.

CONCLUSION

This study was a retrospective review using the NCDB to assess the association of treatment
modality with OS for patients with synchronous metastatic STSE who had at least SP.
These are hypothesis-generative data demonstrating that metastasectomy with resection of
the primary sarcoma is associated with long-term survival. Optimal management of the
primary, including adjuvant or neoadjuvant radiotherapy, appears to be important in this
patient population. Optimal primary and metastases-directed treatment strategies require
further study, including appropriate patient selection.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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