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Purpose: Soft tissue sarcomas (STSs) constitute a group of rare, heterogeneous tumors representing approximately 1% of all
cancers. Owing to the rarity and pathological diversity of the disease, unplanned excision (UE) has often been performed for STS,
resulting in an unfavorable prognosis. This study aimed to clarify clinical outcomes and prognostic factors in STS patients who
underwent UE.

Patients and Methods: In a retrospective review of the medical records of patients with STS who underwent surgery at our
institution between 1999 and 2015, patients were enrolled to either a UE group or a planned excision (PE) group. An analysis was then
conducted to identify factors associated with prognosis after UE.

Results: Of 134 patients undergoing surgery for STS, 110 were enrolled to the PE group and 24 to the UE group. The median size of
the primary tumor was significantly smaller, and more lesions were located in the superficial layer in the UE group than in the PE
group. In addition, plastic reconstruction after additional radical resection was required significantly more often in the UE group than
in the PE group. No significant difference in overall survival, local recurrence-free survival, or disease-free survival (DFS) between the
UE and PE groups was observed; however, metastasis-free survival was significantly better in the UE group. In the UE group, poorer
DFS was associated with older age (=61 years) and a larger primary tumor (>2.9 cm).

Conclusion: A prognosis similar to that in patients undergoing PE could be achieved by appropriate additional surgeries in patients
initially undergoing UE. However, UE for STS should be avoided, especially in older patients and those with a larger primary tumor.
Keywords: unplanned excision, soft tissue sarcoma, survival, prognostic factor

Introduction

Soft tissue sarcomas (STSs) are rare malignant tumors, representing approximately 1% of cancers in the adult
population.” A soft tissue lesion larger than 5 c¢m in size or located in the deep layer can be suspected to be an STS,
while a superficial lesion smaller than 3 cm is typically considered a benign tumor. Unplanned excision (UE), defined as
tumor resection without appropriate preoperative diagnostic evaluation, has often been performed for smaller STS,
especially those located in the superficial layer. The proportion of patients undergoing UE has slowly declined since the
start of the 2000s; however, such patients still account for approximately 10% of all STS cases.” Because UE for STS
often results in inadequate margins of excision, the presence of residual tumor cells after UE has been reported to be as
high as 83%" and has been associated with poor prognosis.>® Moreover, achieving curative resection after UE could
require much more extensive surgery, including amputation or plastic reconstruction such as skin grafting and muscu-
locutaneous flaps for soft tissue coverage, because determining safe surgical margins can often be more complicated after

a UE than after a planned excision (PE) by trained orthopedic oncologists.>’~® Nevertheless, several studies reported that
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the prognosis achieved in patients who undergo appropriate additional treatments after UE can be similar to that achieved
in PE patients.>*"'® However, factors affecting prognosis after UE have not been identified.

Herein, we aimed to clarify clinical outcomes and prognostic factors by comparing STS patients who underwent
additional surgeries after UE with those who underwent PE.

Patients and Methods

Ethics Considerations

This retrospective review was approved by the Ethics Committee of Kobe University Hospital (no. B210126). Informed
consent was obtained using an opt-out system. Patients who chose not to participate were excluded. All the processes of
research were performed and secured in accordance with the relevant guidelines and regulations of Declaration of
Helsinki.

Patients

We retrospectively reviewed the clinical records of 134 patients with STS who underwent surgery at our institution
between January 1999 and December 2015. Patients with inadequate clinical records and/or who received any neo-
adjuvant treatments were excluded from the study. All patients underwent definitive resection, with no distant metastasis
detected before surgery and were followed for at least 5 years or until death, if that occurred within 5 years after their
surgery at our institution.

Study Design

For the analysis, the patients were enrolled to either the PE or the UE group. The 110 patients in the PE group visited or
were referred before any surgical treatment and underwent primary surgery after appropriate preoperative evaluations at
our institution. The 24 patients in the UE group were referred after undergoing a UE for STS; they subsequently
underwent a definitive resection. The UEs were performed by general surgeons, plastic surgeons, orthopedic surgeons, or
dermatologists at a previous institution. All patients in the UE group underwent an additional resection to obtain negative
surgical margins around the lesion. All lesions were diagnosed by pathology examination, and in the UE group, the
specimen excised at the previous institution was reviewed and confirmed by pathologists at our institution.

The information collected from each patient’s medical records included age at the time of primary tumor diagnosis,
sex, primary tumor size, primary tumor location and depth, histologic type of the primary tumor, follow-up period,
detailed treatment information, local recurrence, distant metastasis, and status at last follow-up. Before the primary or
additional resection, the tumor size was determined from magnetic resonance imaging (MRI) by measuring the largest
diameter of the lesion on any axis. Tumor depth was classified as “superficial” when the lesion was located between the
skin and the fascia, and “deep” when it was located deeper than the fascia. The indications for adjuvant chemotherapy
and/or radiotherapy were determined during an institutional multidisciplinary discussion for each patient. In the UE
group, contrast-enhanced MRI was performed before the additional surgery to evaluate any residual tumor, hematoma,
and/or edema remaining from the UE. Local recurrence-free survival (LRFS) was defined as the period from the date of
surgery at our institution to the date of any recurrence at or near the primary tumor location. Metastasis-free survival
(MFS) was defined as the period from the date of surgery at our institution to the date of distant metastasis at any site.
Disease-free survival (DFS) was defined as the period from the date of surgery at our institution to the date of local
recurrence or distant metastasis at any site.

Statistical Analysis

Differences between the groups were evaluated using the Mann—Whitney U-test and the chi-squared test. OS, LRFS,
MES, and DFS were estimated using the Kaplan—-Meier method, and the Log rank test was used to assess differences in
survival."! Validation of the optimal cut-off value was calculated by a receiver operating characteristic curve analysis.
Differences and correlations were considered statistically significant at P < 0.05. All statistical analyses were performed
using EZR (version 1.53: Saitama Medical Center, Jichi Medical University, Saitama, Japan), a graphical user interface
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for R (The R Foundation for Statistical Computing, Vienna, Austria).'> More precisely, EZR is a modified version of
R Commander, designed to add statistical functions that are frequently used in biostatistics.

Results

Clinical Characteristics of the Patients and Primary Tumors

Table 1 shows the patient characteristics of the PE (52 men, 58 women) and UE (17 men, seven women) groups. Median
age at the time of primary tumor diagnosis was 58 years (range: 0.1-91 years) in the PE group and 61 years (range: 30—
88 years) in the UE group. Median follow-up was 89.5 months (range: 1-258 months) in the PE group and 95.5 months
(range: 10-258 months) in the UE group. No significant difference in either age at the time of primary tumor diagnosis (P
= 0.183) or follow-up duration (P = 0.405) was observed.

Table | Clinical Characteristics of the PE and the UE Patients

PE Group UE Group P value
Median age (range, years) 58 (0.1-91) 61 (30-88) 0.183
Median tumor size (range, cm) 7.50 (1.5-35.2) 3.55 (0.5-18) *< 0.0l
Median F/U period (range, month) 89.5 (1-258) 95.5 (10-258) 0.405
Sex *0.044
Men 52 17
Women 58
Depth *< 0.0l
Superficial 24 17
Deep 86
Surgical procedures 0.195
Wide resection 93 23
Amputation 17 |
Plastic reconstruction *< 0.0l
Yes 18 12
No 92 12
Adjuvant chemotherapy 0.164
Yes Il 5
No 99 19
Adjuvant radiotherapy |
Yes 10 2
No 100 22
Margins of resected specimen |
Positive 13
Negative 97 21
Local recurrence 0.775
Yes 20
No 90 19
Distant metastasis *0.020
Yes 48 4
No 62 20

Note: Asterisk (*) indicates P value smaller than 0.05.
Abbreviations: F/U, follow-up; PE, planned excision; UE, unplanned excision.
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Median primary tumor size was significantly smaller in the UE group than in the PE group (3.55 cm vs 7.50 cm, P <
0.01). The lesions were located in the superficial layer more often in the UE group than in the PE group (70.8% vs
21.8%, P < 0.01).

Regarding surgery, the proportion of amputations was comparable in both groups (UE, 4.2% vs PE, 15.5%; P =
0.195); however, plastic reconstruction was required in significantly more cases in the UE group than in the PE group
(50.0% vs 16.4%, P < 0.01). No significant difference between the groups in the requirement for adjuvant chemotherapy
and radiotherapy was observed.

The histologic diagnoses of the primary tumors were similar in both groups (Table 2). The most common subtype in
the UE group was myxofibrosarcoma (six patients, 25.0%), followed by undifferentiated pleomorphic sarcoma/malignant
fibrous histiocytoma (five patients, 20.8%), leiomyosarcoma (four patients, 16.7%), and myxoid liposarcoma (four
patients, 16.7%). The primary tumor sites in the PE and UE groups are listed in Table 3. The most common primary

Table 2 Histological Subtypes of the Primary Tumor in the PE and the UE

Groups
Histological Subtypes PE Group (%) UE Group (%)
UPS/MFH 20 (18.2) 5(20.8)
Myxofibrosarcoma 15 (13.6) 6 (25.0)
Leiomyosarcoma 14 (12.7) 4 (16.7)
Myxoid liposarcoma 13 (11.8) 4 (16.7)
Synovial sarcoma 8 (7.3) 2 (8.3)
Dedifferentiated liposarcoma 8 (7.3) -
MPNST 7 (6.4) 2 (8.3)
Pleomorphic liposarcoma 3(2.7) -
Clear cell sarcoma 3(2.7) -
Rhabdomyosarcoma 3(2.7) -
EMC 3(27) -
Others 13 (11.8) 1 (42)
Total 110 (100) 24 (100)

Abbreviations: PE, planned excision; UE, unplanned excision; UPS/MFH, undifferentiated
pleomorphic sarcoma/malignant fibrous histiocytoma; MPNST, malignant peripheral nerve

sheath tumor; EMC, extraskeletal myxoid chondrosarcoma.

Table 3 Primary Tumor Site in the PE and the UE

Groups
Sites PE Group (%) UE Group (%)
Thigh 38 (34.5) 8(33.3)
Lower leg 15 (13.6) 6 (25.0)
Trunk 14 (12.7) 5(20.8)
Buttock 9 (82) 2 (8.3)
Forearm 8(7.3) 3 (12.5)
Upper arm 5 (4.5) -
Knee 5 (4.5) -
Foot 5 (4.5) -
Shoulder 4 (3.6) -
Ankle 327 -
Hand 2 (1.8) -
Others 5 (4.5 -
Total 110 (100) 24 (100)

Abbreviations: PE, planned excision; UE, unplanned excision.
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tumor site in the UE group was the thigh (eight patients, 33.3%), followed by the lower leg (six patients, 25.0%) and the
trunk (five patients, 20.8%).

Prognosis in the PE and UE Groups

The OS, LRFS, MFS, and DFS are shown in Figure 1. Five-year OS (Figure 1A), LRFS (Figure 1B), and DFS
(Figure 1D) were, respectively, 77.9%, 81.2%, and 57.3% in the PE group and 83.3%, 78.1%, and 74.2% in the UE
group. No significant differences in OS (P = 0.385), LRFS (P = 0.953), and DFS (P = 0.155) between the groups were
observed. The 5-year MFS rates were 63.3% and 83.3% in the PE and UE groups, respectively, a significant difference
favoring the UE group (P = 0.021, Figure 1C).
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T T T T T T T T T T T T
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Figure | Survival in patients with soft tissue sarcoma undergoing planned (PE) and unplanned (UE) excision. (A) Overall survival (P = 0.385). (B) Local recurrence-free
survival (P = 0.953). (C) Metastasis-free survival (P = 0.021). (D) Disease-free survival (P = 0.155).
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Local recurrence was experienced by 20 patients (18.2%) in the PE group at a median duration of 33.5 months
from the date of surgery at our institution (range: 2—246 months) and by five patients (20.8%) in the UE group at
a median duration of 24.0 months (range: 9-59 months; Table 1). Neither the rate of local recurrence (P = 0.775) or
nor the duration to local recurrence (P = 0.513) was significantly different between the two groups. Distant
metastasis occurred in 48 patients (43.6%) in the PE group and in four patients (16.7%) in the UE group at median
durations of 24.5 months (range: 1-179 months) and 9.5 months (range: 1-32 months) respectively. Distant
metastasis occurred in significantly more patients in the PE group than in the UE group (P = 0.020, Table 1), but
with no significant difference in the duration from the date of diagnosis to the date of distant metastasis (P = 0.220).
After surgery at our institution, 33 patients (30.0%) in the PE group and five (20.8%) in the UE group died of their
disease at medians of 30.0 months (range: 2—161 months) and 23.0 months (range: 10-91 months) respectively.
Neither the number of deaths (P = 0.459) nor the time to death from the date of surgery at our institution (P =
0.800) was significantly different between the groups. Analyses of cases involving tumors located in the superficial
layer showed no significant differences between the groups in OS (P = 0.750), LRFS (P = 0.613), MFS (P = 0.484),
and DFS (P = 0.324). Thus, when an appropriate additional surgery follows a UE, the patient’s prognosis could be

similar to that in patients undergoing PE.

Clinical Outcomes and Prognostic Factors After UE

Among the 24 additionally resected specimens after UE at our institution, positive margins and residual tumor cells were
observed in three specimens (12.5%) and 15 specimens (62.5%), respectively. Local recurrence was observed in two of
the three patients with positive margins in the additionally resected specimen (66.7%) and in three of the 21 patients with
negative margins in the specimen (14.3%, P = 0.018).

The receiver operating characteristic curve analyses of the relationship between DFS and age at the time of primary
tumor diagnosis or primary tumor size (Figure 2) revealed that 61 years and 2.9 cm were optimal cut-off values for age at
the time of primary tumor diagnosis (n = 24; area under the curve: 0.703; sensitivity: 87.5%; specificity: 56.2%; 95%
confidence interval [CI] 0.468—0.92) and primary tumor size (n = 24; area under the curve: 0.874; sensitivity: 100%;
specificity: 43.8%; 95% CI: 0.731-1). In the UE group, patients 61 years and older at the primary tumor diagnosis and/or

107 107 [2.900 (0.438, 1.000)
61.000 (0.562, 0.875)
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Figure 2 Receiver operating characteristic curve analyses in patients with soft tissue sarcoma undergoing unplanned excision. (A) Relationship between age at primary
tumor diagnosis and disease-free survival (DFS). (B) Relationship between primary tumor size and DFS.
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Figure 3 Kaplan—Meier survival curves for disease-free survival in patients with soft tissue sarcoma undergoing unplanned excision. (A) By age at primary tumor diagnosis (P

= 0.048). (B) By primary tumor size (P = 0.039).

with a primary tumor 2.9 cm or greater in size had a significantly poorer DFS (Figure 3). Univariate analyses revealed

that the factors prognostic for DFS in the UE group were age at primary tumor diagnosis, primary tumor size, and

surgical procedure (Table 4).

Table 4 Univariate Analyses for DFS in the UE Group

n 5-Year Survival Rate (%) | Median Survival (Month) P value
Sex 0.77
Men 17 64.7 77.0
Women 7 714 69.0
Depth 0.595
Superficial 17 70.6 69.0
Deep 7 57.1 97.0
Residual tumor cells 0.875
Yes 15 66.7 94.0
No 9 66.7 66.0
Surgical procedures *0.043
Wide resection 23 69.6 77.0
Amputation | 0 9.0
Plastic reconstruction 0.982
Yes 12 66.7 71.5
No 12 66.7 76.5
Adjuvant chemotherapy 0.278
Yes 5 40.0 45.0
No 19 737 77.0
(Continued)
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Table 4 (Continued).

n 5-Year Survival Rate (%) | Median Survival (Month) P value
Adjuvant radiotherapy 0.612
Yes 2 50.0 88.5
No 22 682 73.0
Age (years) *0.048
=6l 14 50.0 52.5
<6l 10 90.0 118.0
Tumor size (cm) *0.039
229 17 529 60.0
<29 7 100 124.0
Margins of additionally 0.478
resected specimen
Positive 3 66.7 98.0
Negative 21 66.7 69.0

Note: Asterisk (¥) indicates P value smaller than 0.05.
Abbreviations: DFS, disease-free survival; UE, unplanned excision.

Discussion

UE for STS is defined as tumor resection without appropriate preoperative evaluation, including radiographic and/or
histologic examinations. Soft tissue tumors are rare tumors with a wide variety of histologic subtypes, and most are
benign lesions.! Generally, soft tissue tumors that are larger than 5 cm, rapidly increasing in size, located in the deep
layer, or painful, should be considered to be STS. Moreover, if STS is suspected, the patient should be referred to
a specialized facility for further evaluation and appropriate treatment. However, because of the rarity and histologic
diversity of the disease, UEs are often performed in STS patients at non-specialized facilities, especially when the
patient’s lesion is small and/or superficially located.””'®'* Currently, UE in STS patients occurs in 10-53% of
cases. !41°

The approach to the treatment of STS after UE is not well established. The effectiveness of radiotherapy, which is
often used after UE, is unclear because radiotherapy alone for STS has been reported to be associated with a high
recurrence rate.*!” Re-resection with appropriately wide margins should therefore be recommended. Determining safe
surgical margins after UE by computed tomography and/or MRI can be difficult because of postoperative reactive
changes or hemorrhage,” and even contrast-enhanced MRI has been reported to have only 78% accuracy for evaluating
residual disease.'* The main objective of extensive re-resection is the achievement of negative margins in additionally
resected specimens, because positive margins have been associated with a high rate of local recurrence.'®'® In the present
study, a significantly higher rate of local recurrence was observed in two of the three additionally resected specimens
with positive margins (66.7%), but in just three of the 21 specimens with negative margins (14.3%).

Amputation or plastic reconstruction has been reported at a higher rate after UE than after PE for primary
STSs.>781%18 1y our study, although the rate of amputation did not significantly differ between the PE and UE groups,
plastic reconstruction was required proportionally more often in the UE group than in the PE group, in line with previous
reports.3’7’8’] 8

Various publications have reported on the prognosis of patients undergoing UE or PE.**7'%2% Smolle et al reported
that, compared with PE, re-resection after UE was associated with improved OS and decreased distant metastasis,
although the risk for local recurrence was similar.” Other authors reported that OS, LRFS, and MFS were not
significantly different in patients who underwent either UE or PE for high-grade sarcoma.’?' Conversely, Saeed et al
reported decreased LRFS and DFS for UE compared with PE in STS patients.”” In the present study, OS, LRFS, and DFS
were not significantly different between the UE and PE groups. MFS was significantly better in the UE group than in the
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PE group; however, in the analysis of lesions arising in the superficial layer, no significant difference between the groups
was observed. Based on the latter finding, the poorer MFS in the PE group might be attributable more lesions in the PE
group being located in the deep layer. As in most previous reports, prognosis in the UE and PE groups was similar when
additional resection after UE resulted in negative margins; the higher number of small and superficial lesions in the UE
group may be related to that group’s relatively good prognosis.>’-'°

Residual tumor cells in the additionally resected specimens were reported at a rate of 58%— 83%,>'*!®!% and have
frequently been described as a poor prognostic factor in patients who underwent UE.*® In the present study, residual
tumor cells in the additionally resected specimens were observed in 15 patients (62.5%), but did not affect their
prognoses. Garnet et al reported that a primary tumor size larger than 5 cm was associated with a higher rate of
metastasis in patients who underwent UE,'” and other authors reported that routine postoperative radiotherapy after UE
could achieve better local control.**? In our study, univariate analysis revealed that an age of 61 years or greater at
primary tumor diagnosis and a primary tumor size of 2.9 cm or greater were poor prognostic factors in the UE group;
however, no factor was prognostic in the multivariate analysis.

Our study had several limitations. First, owing to the retrospective design, we cannot exclude the possibility of
selection bias. Second, the UE group included all patients who underwent additional resection, but not those who
received other therapies such as chemotherapy and radiotherapy. Third, because STS is a rare cancer, the sample size was
small. Furthermore, there should be a bias of patients’ background between two groups due to the wide variety of
histologic subtypes. Multicenter studies with larger samples, meta-analyses, and systematic reviews will therefore be
helpful in elucidating prognostic factors in STS patients who undergo UE.

Conclusion

In the present study, when an appropriate additional resection for STS patients who had undergone UE was achieved, their
prognoses were similar to that in patients who had undergone PE. Nevertheless, UE should be avoided, especially in older
patients and in those with larger STS. We confirmed that STS patients after UE can benefit from appropriate additional
surgeries by specialized orthopaedic oncologists. Therefore, if STS is suspected, the patients should be referred to
a specialized sarcoma facility.
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