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ABSTRACT

Background. The role of neoadjuvant chemotherapy

(NCT) for high-risk soft tissue sarcoma (STS) is ques-

tioned. This study aimed to define which patients may

experience a survival advantage with NCT.

Methods. All the patients from the U.S. Sarcoma Col-

laborative database (2000–2016) who underwent curative-

intent resection of high-grade, primary truncal/extremity

STS size 5 cm or larger were included in this study. The

primary end points were recurrence-free survival (RFS)

and overall survival (OS).

Results. Of the 4153 patients, 770 were included in the

study. The median tumor size was 10 cm, and 669 of the

patients (87%) had extremity tumors. The most common

histology was undifferentiated pleomorphic sarcoma

(UPS), found in 42% of the patients. Of the 770 patients,

216 (28%) received NCT. The patients who received NCT

had deeper, larger tumors (p\ 0.001). Of the patients with

tumors 5 cm or larger and 8 cm or larger, NCT was not

associated with improved RFS or OS. However for the

patients with tumors 10 cm or larger, NCT was associated

with improved 5-year RFS (51% vs 40%; p = 0.053) and

5-year OS (58% vs 47%; p = 0.043). By location, the

patients with extremity tumors 10 cm or larger but not

truncal tumors had improved 5-yearr RFS (54% vs 42%;

p = 0.042) and 5-year OS (61% vs 47%; p = 0.015) with

NCT. According to histology, no subtype had improved

RFS or OS with NCT, although the patients with UPS had a

trend toward improved 5-year RFS (56% vs 42%;

p = 0.092) and 5-year OS (66% vs 52%; p = 0.103) with

NCT.

Conclusion. For the patients with high-grade STS, NCT

was associated with improved RFS and OS when tumors

were 10 cm or larger and located in the extremity. How-

ever, no histiotype-specific advantage was identified.

Future studies assessing the efficacy of NCT may consider

focusing on these patients, with added focus on histology-

specific strategies.

Soft tissue sarcoma (STS) of the trunk and extremity are

conventionally considered high-risk for distant recurrence

if they are larger than 5 cm with intermediate- or high-

grade histology.1 Although standard treatment with surgery

and radiation provides local control, high-risk STS has a

high propensity for distant spread, which leads to death

from metastatic disease in up to 50% of patients.2,3
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Perioperative chemotherapeutic strategies are used to

reduce the risk of recurrent disease and to treat micro-

metastases, increase the chances of limb salvage, and serve

as a biologic test of chemo-responsiveness. The majority of

clinical trials testing the efficacy of these regimens, how-

ever, are in the adjuvant setting and demonstrate only

marginal survival benefit.4–7 Even in the preoperative set-

ting, few data exist to justify the use of neoadjuvant

chemotherapy (NCT) for patients with high-risk STS,

resulting in uncertainty as to which patients would most

likely benefit.8,9

The rarity and heterogeneity of the biologic behavior

among STS subtypes poses the largest obstacle in design-

ing a study to demonstrate the efficacy of NCT in truncal

and extremity STS. Previous studies have attempted to use

strict tumor size cutoff values, specific sarcoma locations,

and select histologic subtypes to select patients for ran-

domized control trials, but these selection criteria often are

disparate even among studies.10–16

In this era of personalized medicine, in which individ-

ually tailored treatment strategies are key, a recent study

from Gronchi et al.11 attempted to demonstrate the benefit

of neoadjuvant histiotype-tailored chemotherapy regimens

over standard regimens, but this study was unable to

demonstrate a survival benefit with a histiotype-specific

approach. Other groups have used nomograms and retro-

spective review of clinical data to identify clinical and

pathologic factors associated with improved outcomes with

NCT, but to date no consensus has been formed.17–21

Collectively, these previous studies underscore the critical

importance of selecting a uniform group of patients with

STS when investigating the efficacy of chemotherapeutic

treatment strategies.

Given the heterogeneous selection criteria in previous

clinical trials, the current study aimed to define clinico-

pathologic factors related to improved survival with the use

of NCT for patients who undergo curative-intent resection

of high-risk truncal and extremity STS. We sought to

identify specifically what tumor size, tumor location, and

histologic subtype of STS would be related to improved

outcomes with the use of NCT.

METHODS

Patients were identified from the United States Sarcoma

Collaborative (USSC) database, a collaboration of seven

U.S.-based academic tertiary referral centers (Emory

University, The Ohio State University, Stanford Univer-

sity, University of Chicago, Medical College of Wisconsin,

Wake Forest University and Washington University in St.

Louis). Institutional review board (IRB) approval was

obtained from each institution before data collection.

All patients who underwent curative-intent resection of

a high-grade, primary truncal or extremity STS larger than

5 cm were included in the study. Patients with multi-focal

or recurrent tumors and those who died within 30 days

after surgery were excluded. Patients who received only

adjuvant chemotherapy also were excluded.

Clinicopathologic and survival data were collected using

retrospective review of the electronic medical record.

Pathologic examination of tissue specimens was reviewed

by expert sarcoma pathologists at each institution. Staging

was based on the American Committee on Cancer (AJCC)

7th edition guidelines.22 High-grade tumors were defined

as French Federation Nationale des Centres de Lutte

Contra le Cancer (FNCLCC) grades 2 or 3 (G2 or G3) per

the AJCC tumor-node-metastasis (TNM) staging system.

Tumor depth was defined as superficial or deep relative to

the investing muscular fascia in the subcutaneous tissue

(tumors superficial to the investing muscular fascia but

with invasion into the fascia were classified as deep). Final

resection status was defined as R0 (complete gross tumor

clearance with negative microscopic margins), R1 (com-

plete gross tumor clearance with positive microscopic

margins), and R2 (incomplete gross tumor clearance).

The patients were analyzed at increasing tumor size

values of 5 cm or larger, 8 cm or larger, and 10 cm or

larger. The primary aim was to assess the association

between the receipt of NCT and survival outcomes for each

tumor size group. The primary end points were recurrence-

free survival (RFS), defined as the time from the date of

surgery to the date of first recurrence, and overall survival

(OS), defined as the time from the date of surgery to the

date of death. Disease recurrence was defined strictly as the

radiographic recurrence of disease.

Statistical analysis was performed using SPSS 22.0

software (IBM Inc., Armonk, NY, USA). Chi-square

analysis was used to compare categorical variables, and

Student’s t test was used for continuous variables. Uni- and

multivariable Cox regression analyses were used to deter-

mine the association of preoperative clinicopathologic

factors and survival. Kaplan–Meier survival plots for RFS

and OS were constructed to compare patients who did and

did not receive NCT. Statistical significance was defined by

a p value lower than 0.05.

RESULTS

Of the 4153 patients in the database, 770 had primary

high-grade tumors 5 cm or larger (C 8 cm: 529 patients;

C 10 cm: 411 patients). The clinical and pathologic factors

are listed in Table 1. The average tumor size for our entire

cohort was 12 ± 6 cm, and 87% (n = 669) of the patients

Neoadjuvant Chemotherapy in Sarcoma 3543



with tumors 5 cm or larger had STS located in the

extremity (89% of C 8-cm tumors were in the extremity;

90% of C 10-cm tumors were in the extremity).

The most common histologic type of tumor was undif-

ferentiated pleomorphic sarcoma (UPS), found in 321

(42%) of the patients, followed by synovial sarcoma, found

in 62 patients (8%), and myxofibrosarcoma, found in 69

patients (8%). Other histologic types represented were

leiomyosarcoma, found in 50 patients (7%); dedifferenti-

ated liposarcoma, found in 22 patients (3%); and myxoid

liposarcoma, found in 15 patients (2%). For 216 patients

(28%) with tumors 5 cm or larger, NCT was administered

(C 8 cm: 168 patients [32%]; C 10 cm: 138 patients

[34%]), the majority of which was doxorubicin-based

(C 5 cm: 163 patients [21%]; C 8 cm: 128 patients

[24%]; C 10 cm: 104 patients [25%]).

In the entire cohort, the patients who received NCT were

younger (age 51 vs 64 years; p\ 0.001) and more likely to

be male (62% vs 54%; p = 0.049) and functionally inde-

pendent (98% vs 94%; p = 0.043) with deeper (98% vs

91%; p = 0.002) and larger tumors (13 vs 11 cm;

p = 0.004) than the patients who did not receive

chemotherapy. The median follow-up period was

26 months.

TABLE 1 Clinicopathologic

characteristics of the study

cohort categorized by increasing

tumor size cutoff values

Baseline variable C5-cm STS

(n = 770)

n (%)

C8-cm STS

(n = 529)

n (%)

C10-cm STS

(n = 411)

n (%)

Mean age (years) 60.5 ± 17.3 60.4 ± 17.1 60.5 ± 16.7

Male 434 (56.4) 309 (58.4) 246 (59.9)

Mean BMI (kg/m2) 28.8 ± 7.0 28.6 ± 7.1 28.5 ± 7.1

Race

White 546 (70.9) 371 (70.1) 281 (68.4)

Black 121 (15.7) 91 (17.2) 78 (19.0)

Latino 39 (5.1) 28 (5.3) 23 (5.6)

Functional status

Independent 723 (93.9) 495 (93.6) 383 (93.2)

Partially dependent 7 (0.9) 5 (0.9) 4 (1.0)

Totally dependent 28 (3.6) 21 (4.0) 18 (4.4)

Tumor location

Trunk 101 (13.1) 60 (11.3) 41 (10.0)

Extremity 669 (86.9) 469 (88.7) 370 (90.0)

Tumor depth

Superficial 54 (7.0) 27 (5.1) 22 (5.4)

Deep 715 (92.9) 501 (94.7) 388 (94.4)

Mean tumor size (cm) 11.8 ± 6.3 14.3 ± 6.0 15.9 ± 5.9

Final resection status

R0 640 (83.1) 439 (83.0) 338 (82.2)

R1 116 (15.1) 79 (14.9) 63 (15.3)

R2 13 (1.7) 10 (1.9) 9 (2.2)

Histopathologic subtype

UPS 321 (41.7) 222 (42.0) 181 (44.0)

Synovial sarcoma 62 (8.1) 40 (7.6) 25 (6.1)

Myxofibrosarcoma 59 (7.7) 36 (6.8) 26 (6.3)

Necrosis 551 (71.6) 411 (77.7) 333 (81.0)

Neoadjuvant chemotherapy 216 (28.1) 168 (31.8) 138 (33.6)

Doxorubicin 163 (21.2) 128 (24.2) 104 (25.3)

Ifosfamide 119 (15.5) 93 (17.6) 75 (18.2)

Gemcitabine 7 (0.9) 5 (0.9) 5 (1.2)

Adjuvant chemotherapy 92 (11.9) 72 (13.6) 59 (14.4)

Any radiation 448 (58.2) 300 (56.7) 236 (57.4)

STS soft tissue sarcoma, BMI body mass index, UPS undifferentiated pleomorphic sarcoma
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Tumor Size and Survival

In the analysis of survival outcomes by tumor size for all

tumor sites and histologies, the patients in our entire

cohorts with tumors 5 cm or larger showed no association

between NCT and improved RFS (5-year RFS: 52% vs

47%; p = 0.230) or OS (5-year OS: 62% vs 58%;

p = 0.356) compared with no NCT (Fig. 1a, b). Similarly,

for the patients with tumors 8 cm or larger, NCT was not

associated with improved RFS (5-year RFS: 50% vs 42%;

p = 0.148) or improved OS (5-year OS: 57% vs 52%;

p = 0.205) compared with no NCT (Fig. 1c, d). However

for the patients with tumors 10 cm or larger, the receipt of

NCT was associated with improved RFS (5-year RFS: 51%

vs 40%; p = 0.053) and improved OS (5-year OS: 58% vs

47%; p = 0.043) compared with no NCT (Fig. 1e, f).

Tumor Location and Survival

When tumors were stratified by location (trunk vs

extremity), the patients with tumors 5 cm or larger and

8 cm or larger did not show an association of NCT with

RFS or OS. Furthermore, among the patients with tumors

10 cm or larger in the trunk, NCT was not associated with

improved RFS (5-year RFS: 24% vs 28%; p = 0.551) or

improved OS (5-year OS: 30% vs 49%; p = 0.337) com-

pared with no NCT (Fig. 2a, b). However for the patients

with tumors 10 cm or larger in the extremity, NCT was

associated with improved RFS (5-year RFS: 54% vs 42%;

p = 0.042) and improved OS (5-year OS: 51% vs 47%;

p = 0.015) compared with no NCT (Fig. 2c, d).

Tumor Histology and Survival

In the histology-specific analysis, no subtype (UPS,

synovial sarcoma, or myxofibrosarcoma), regardless of

tumor size or tumor location, was associated with RFS or

OS. However, among the patients who had tumors 10 cm

or larger with UPS histology, NCT showed a trend toward

improved RFS (5-year RFS: 56% vs 42%; p = 0.092) and

improved OS (5-year OS: 66% vs 52%; p = 0.103) com-

pared with no NCT, although this difference was not

statistically significant (Fig. 3a, b).

Cox Regression Analysis and Preoperative Factors

For the previously identified subset of patients with

tumors 10 cm or larger located in the extremity, preoper-

ative factors associated with RFS and OS were considered.

In the univariate analysis, increasing body mass index

(BMI) was associated with decreased RFS (hazard ratio

[HR] 1.03; 95% confidence interval [CI] 1.0–1.1;

p = 0.018) and the receipt of NCT was associated with

increased RFS (HR 0.70; 95% CI 0.50–0.99; p = 0.043). In

the multivariable analysis, only increasing BMI was asso-

ciated with RFS (HR 1.03; 95% CI 1.0–1.1; p = 0.015;

Table 2). In the univariate analysis, decreased OS was

associated with increasing tumor size (HR 1.03; 95% CI
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FIG. 1 Kaplan–Meier survival curves demonstrating the association

of neoadjuvant chemotherapy with improved recurrence-free survival

and overall survival for patients with soft tissue sarcoma (STS) larger

than 10 cm (e, f), but not for patients with tumors larger than 5 cm (a,

b) or larger than 8 cm (c, d)
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FIG. 2 Kaplan–Meier survival curves demonstrating the association of neoadjuvant chemotherapy with improved recurrence-free survival and

overall survival for patients with soft tissue sarcoma (STS) larger than 10 cm located in the extremity (c, d) but not in the trunk (a, b)
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1.0–1.06; p = 0.038), whereas improved OS was associated

with receipt of neoadjuvant radiation (HR 0.64; 95% CI

0.45–0.93; p = 0.018) and receipt of NCT (HR 0.63; 95%

CI 0.43–0.92; p = 0.016). In the multivariable analysis,

tumor size was associated with worse OS (HR 1.03; 95%

CI 1.00–1.01; p = 0.033), and receipt of NCT was asso-

ciated with improved OS (HR 0.68; 95% CI 0.46–0.99;

p = 0.044).

DISCUSSION

In our multi-institutional cohort of patients, NCT was

associated with improved RFS and OS survival for patients

who underwent resection of a primary high-grade extrem-

ity STS larger than 10 cm, but not larger than 5 or 8 cm.

These findings were not seen in patients with truncal

tumors, although the subset analysis for patients with

truncal tumors likely was underpowered. Histology-speci-

fic advantages with NCT were not identified, although this

analysis likely was underpowered as well. Based on these

findings, future studies assessing the efficacy of NCT may

consider amending the selection criteria to focus on

patients with high-grade extremity STS larger than 10 cm,

with an added focus on histology-specific strategies.

Increasing tumor size is used as a prognostic marker in

the AJCC 8th edition, in which tumors 5–10 cm are T2

lesions, tumors 10–15 cm are T3 lesions, and tumors larger

than 15 cm are T4 lesions.23 Patients with high-grade T2

lesions are classified as having stage 3A disease, whereas

patients with high-grade T3 or T4 tumors are classified as

having stage 3b disease. Our study mirrors this size dis-

crimination because we did not see a survival advantage

with NCT for patients with T2 lesions, but only for those

with lesions classified as T3 or higher.

Previous studies investigating the usefulness of NCT

retrospectively have used a variety of size cutoffs including

5 and 8 cm.10,17–19,21,24 Similar to our study, Grobmyer

et al.18 found in their retrospective review of 356 patients

with high-grade STS larger than 5 cm that the survival

advantage seen with NCT likely was driven by those

tumors larger than 10 cm.

A variety of prospective studies that have investigated

the role of chemotherapy in the adjuvant and neoadjuvant

settings have used either no size cutoff or cutoffs of STS

larger than 5 cm or larger than 8 cm.10–13,15,16 Although

the study by Woll et al.7 using doxorubicin/ifosfamide and

lenograstim was in the adjuvant setting (European Organ-

isation for Research and Treatment of Cancer [EORTC]

62931), it showed that the patients most likely to benefit

from chemotherapy had larger, high-grade tumors. A more

recent analysis of the EORTC 62931 used the prognostic

nomogram Sarculator to stratify the study patients into

three categories using patient age, tumor size, tumor grade,

and tumor histology.25 This updated analysis found that the

cohort of patients predicted to have the lowest OS based on

the Sarculator was the only group to show an improved

survival with adjuvant chemotherapy (HR 0.46). These

findings again are concordant with the results in our study

demonstrating a survival advantage with NCT for patients

with large, high-risk tumors.

When tumor location is considered, primary tumor site

is regarded as the chief tumor characteristic for STS in

guiding treatment decisions. For example, STS originating

in the retroperitoneum is staged and managed separately

from those originating in the trunk/extremity or head and

neck.22,23 Most staging systems and treatment strategies,

however, combine superficial truncal and extremity STS,

and little published literature separates these two entities.

The aforementioned randomized control trial from Woll

TABLE 2 Cox regression: preoperative factors, recurrence-free survival (RFS), and overall survival (OS) for patients with C 10-cm, high-

grade extremity soft tissue sarcoma (STS) (n = 341)

Variable Recurrence-free survival Overall survival

Univariate Multivariable Univariate Multivariable

HR 95% CI p value HR 95% CI p value HR 95% CI p value HR 95% CI p value

BMI 1.03 1.0–1.1 0.018 1.03 1.0–1.1 0.015

Tumor size (cm) 1.03 1.0–1.06 0.038 1.03 1.00–1.01 0.033

Neoadjuvant radiation 0.64 0.45–0.93 0.018 0.69 0.47–1.00 0.053

Neoadjuvant chemotherapy 0.70 0.50–0.99 0.043 0.769 0.51–1.2 0.208 0.63 0.43–0.92 0.016 0.68 0.46–0.99 0.044

Preoperative factors not associated with RFS were age, gender, race, American Society of Anesthesiology (ASA) class, albumin level, tumor

size, neoadjuvant radiation, and histologic subtype. Preoperative factors not associated with OS were age, gender, race, BMI, ASA class, albumin

level, and histologic subtype

HR hazard ratio, CI confidence interval, BMI body mass index
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et al.7 suggested that patients with large, grade 3 extremity

tumors were more likely to benefit from adjuvant

chemotherapy than patients with tumors located in the

trunk or head and neck, although this difference was not

statistically significant in the final analysis.7

The current study found that patients with extremity

tumors, but not truncal tumors, larger than 10 cm had a

survival advantage with NCT. The analysis of the truncal

cohort likely was underpowered because 41 patients had

truncal tumors larger than 10 cm, and 362 patients had

extremity tumors larger than 10 cm. Further study to

investigate the role of NCT for patients with high-grade

truncal STS is required.

Besides tumor site and grade, the histologic subtype of

STS primarily drives the biologic behavior for the majority

of tumors. Due to the rarity of STS, histology-specific

analysis has been difficult to achieve in both prospective

and retrospective studies. Even in the current study,

although the highest represented histologic subtype was

UPS, in 42% of the patients, the next most common sub-

types were synovial sarcoma, in only 8% of the patients,

and myxofibrosarcoma in 8% of the patients.

Given these limitations in the investigation of specific

histologic subtype responses to NCT, the randomized

phase 3 clinical trial of Gronchi et al.11 was especially

illuminating to our understanding of histology-tailored

treatment strategies. The study randomized 287 patients

with five specific histologic subtypes (UPS, myxoid

liposarcoma, synovial sarcoma, malignant peripheral nerve

sheath tumor, and leiomyosarcoma) to either a standard

chemotherapeutic regimen or a histology-tailored regimen.

Although no benefit was demonstrated by the histology-

tailored strategy, this study confirmed the ability to recruit

patients with STS to investigate histology-specific treat-

ment responses in a randomized setting. Given our

observations in the retrospective cohort of the current

study, in which patients with UPS had a trend toward

improved RFS survival and OS with NCT, we agree with

the Italian group that the search for histology-specific

treatment regimens in STS should continue.

Our study was limited by its retrospective design, which

posed several limitations in analysis. The number of cycles,

the administration, and the type of NCT administered

between institutions was not standardized during the study

period. Although the majority of patients who received

NCT underwent anthracycline-based chemotherapy, this

study had no standard protocol. Furthermore, the decision

to administer neoadjuvant radiotherapy also was not stan-

dardized between institutions, and although accounted for

in our multivariable model of patients with extremity

tumors larger than 10 cm, our study did not investigate the

role of radiation in these patients. Finally, surgical conduct

and pathologic examination was not standardized between

institutions, although all the institutions included in this

multi-center study are considered high-volume centers for

sarcoma expertise.

CONCLUSION

In our multi-institutional cohort, NCT was associated

with improved RFS and OS for patients with resection of

high-grade extremity STS 10 cm or larger but not STS

5 cm or larger or 8 cm or larger. Future studies assessing

the efficacy of NCT may consider amending the selection

criteria to focus on these patients, with added focus on

histology-specific strategies.
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