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Background: Primary chest wall sarcoma is a rare disease with limited reports of surgical resection. Methods:
This retrospective review included 41 patients with primary chest wall sarcoma who underwent chest wall
resection and reconstruction from 2001 to 2015. The clinical, histologic, and surgical variables were collected
and analyzed by univariate and multivariate Cox regression analyses for overall survival (0OS) and re-
currence-free survival (RFS). Results: The OS rates at 5 and 10 years were 73% and 61%, respectively. The
RFS rate at 10 years was 57.1%. Multivariate Cox regression analysis revealed old age (hazard ratio [HR],
5.16; 95% confidence interval [CI], 1.71-15.48) as a significant risk factor for death. A surgical resection
margin distance of less than 1.5 cm (HR, 15.759; 95% CI, 1.78-139.46) and histologic grade IIl (HR, 28.36;
95% CI, 2.76-290.87) were independent risk factors for recurrence. Conclusion: Long-term OS and RFS after
the surgical resection of primary chest wall sarcoma were clinically acceptable.
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Introduction

Primary chest wall sarcoma is a rare disease for
which surgical resection is the treatment of choice.
The 5-year overall survival (OS) rates reported by
previous reviews are acceptable [1-9], ranging from
59% to 68%. Many risk factors are known to affect
0S, including tumor histology, sex, resection margin
status, and histologic grade [1-9]. However, only a
few reports are available on cases of primary chest
wall sarcoma followed up for >10 years.

In Korea, there are limited reports of surgical re-
section for primary chest wall sarcoma [10-16].
Because relatively few patients have primary chest
wall sarcoma, survival analyses and risk factor analy-
ses have been rarely conducted.

This study aimed to report the long-term outcomes
of surgical resection for primary chest wall sarcoma
and to analyze the prognostic factors for long-term
OS and recurrence-free survival (RFS).
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Methods

1) Participants

We reviewed the cases of 42 patients who under-
went surgical resection of primary chest wall sarco-
mas from January 2001 to December 2015. All pa-
tients were followed up until September 2018.

All patients included in this study had histologi-
cally confirmed primary chest wall sarcomas other
than metastatic chest wall sarcomas or benign chest
wall tumors. Because only cases of sarcoma treated
by curative resection were included for analysis in
this study, we excluded 1 patient who underwent
palliative resection for primary chest wall sarcoma
with pleural seeding.

This study was approved by the Institutional
Ethics Committee/Review Board of Samsung Medical
Center, which waived the requirement for informed
patient consent due to its retrospective nature (IRB
approval no., SMC 2018-12-032-001).

2) Variables

We reviewed the following clinical, histological,
and surgical variables that were analyzed and sug-
gested as prognostic values in previous studies [1-9]:
age, sex, symptoms at presentation, tumor maximal
diameter, tumor histologic grade following the
Fédération Nationale des Centres de Lutte Contre le
Cancer (FNCLCC) grade, specific anatomic structures
resected, materials used for the chest wall re-
construction, neoadjuvant or adjuvant treatment, and
resection margin status.

Two different methods can be used to describe the
resection margin status, as reported in other reviews
[1,2,5,6,8]: residual tumor (R) classification and
measurement of the nearest distance of the resected
specimen margin to the tumor. However, our data on
the distance between the resection margin and the
tumor were based on pathologic data, not surgical
records, because some data about resection margin
distance in the surgical records were missing or
incorrect.

3) Surgical technique

Surgical resection of chest wall sarcoma included
resection of the affected rib with at least a 4-cm
margin, unaffected ribs above and below the tumor,
adjacent muscles, and underlying pleura, and any
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other tissues adherent to the tumor. Pathologically
negative margins were identified in all 4 directions
from the tumor via frozen biopsy. When vital struc-
tures such as the spinal cord or vascular structures
were present near the tumor, a 2-cm margin was
permitted for surgical resection.

4) Statistical analysis

The descriptive statistics for categorical variables
are reported as frequency and percentage, whereas
continuous variables are reported as mean#standard
deviation or median (range). Categorical variables
were compared between the groups using the
chi-square test or the Fisher exact test, while con-
tinuous variables were compared using the 2-sample
t-test or the Wilcoxon rank-sum test. All statistical
tests were 2-sided, with an alpha level of 0.05. OS
and RFS curves were constructed using Kaplan-Meier
estimates and compared using the log-rank test. The
relationship between maximal diameter of the tumor
and resection margin distance was studied by calcu-
lating the Pearson correlation coefficient (r). Statistical
significance was inferred for p-values <0.05. The op-
timal resection margin distance cutoff was evaluated
using the Youden index; receiver operating character-
istic (ROC) curve analyses for OS and RFS were per-
formed, and the area under the curve (AUC) for each
analysis was calculated. Using this criterion, a test
with no better accuracy than chance has an AUC of
0.5, whereas a test with perfect accuracy has an AUC
of 1. Cox proportional hazard regression was used to
identify predictors of OS and RFS. Variables with
p-values <0.1 in the univariate analysis were consid-
ered for the multivariate analysis. The backward
elimination method was used for model selection in
the multivariate analysis. The results are reported as
hazard ratio (HRs) and 95% confidence interval
(CIs). The statistical analysis was performed using
IBM SPSS ver. 25.0 (IBM Corp. Armonk, NY, USA).

Results

The baseline characteristics of the patients are list-
ed in Table 1. Their mean age was 47.5 years, and
23 patients (56%) were male. Eighteen patients
(44%) presented with a palpable mass. Twelve pa-
tients (29%) had a previous history of breast or thy-
roid cancer. The mean maximal diameter of the tu-
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Table 1. Clinical, histological, and surgical characteristics of all

patients (N=41)

Characteristic Value
Age (yr) 47.51+£19
Male sex 23 (56)
Previous cancer history 12 (29)
Symptom at presentation
Mass 18 (44)
Pain 11 (27)
None 11 (27)
Tumor maximal diameter (cm) 6.19+3.5
Tumor histology
Chondrosarcoma 8 (20)
Undifferentiated pleomorphic sarcoma 7 (17)
Liposarcoma 6 (15)
Fibrosarcoma 5(12)
Ewing’s sarcoma 5(12)
Osteosarcoma 3(7)
Leiomyosarcoma 2 (5)
Others 5(12)
Histologic grade (FNCLCC)
Grade | 8 (20)
Grade Il 15 (37)
Grade Il 9 (22)
Resection
No. of resected ribs 3(1-3)
Sternum 3(7)
Vertebra 4 (10)
Reconstruction
Gore-Tex 11 (27)
Muscle flap 5(12)
Mesh 2 (5)
Neoadjuvant or adjuvant therapy 20 (49)

Values are presented as meanzstandard deviation, number (%),
or median (range).

FNCLCC, Fédération Nationale des Centres de Lutte Contre le
Cancer.

mor was 6.19 cm, with a standard deviation of 3.5
cm. Eight patients (20%) had the cellular type of
chondrosarcoma, and 7 (17%) had the cellular type
of undifferentiated pleomorphic sarcoma. Fifteen pa-
tients (37%) had FNCLCC histologic grade II tumors,
while 9 (22%) had FNCLCC histologic grade III
tumors. The median number of ribs resected per pa-
tient was 3; there were 3 cases of partial resection
of the sternum and 4 of partial resection of the
vertebrae. Gore-Tex was used for reconstructing the
chest wall in 11 patients (27%), and 20 patients
(49%) were treated using neoadjuvant or adjuvant
treatment with surgery.
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Fig. 1. Overall survival time of 41 patients who underwent surgi-
cal resection of primary chest wall sarcoma.
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Fig. 2. Recurrence-free survival time of 41 patients who under-
went surgical resection of primary chest wall sarcomas.

Fig. 1 shows the OS curve: 30 patients (73%) sur-
vived for >5 years after surgical resection of the
primary chest wall sarcoma, while 25 patients (61%)
survived for >10 years. Fig. 2 shows the RFS curve.
The 10-year RFS was 57.1%.

The AUC of the ROC curve for OS was 66.5% (Fig.
3A) and the AUC of the ROC curve for RFS was 74%
(Fig. 3B). The cutoff value in both ROC curves was a
resection margin distance of 1.5 cm, which corre-
sponded to the maximum Youden index (in the ROC
curve for OS, the cutoff value of 1.5 cm had a sensi-
tivity of 0.85 and a specificity of 0.53; in the ROC
curve for RFS, the cutoff value of 1.5 cm had a sensi-
tivity of 0.88 and a specificity of 0.56.

The relationship between the maximal diameter of
the tumor and the resection margin distance was
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Fig. 3. ROC curve and cutoff analysis with the Youden index for determination of the optimal resection margin distance. (A) ROC curve
and cutoff analysis for overall survival. (B) ROC curve and cutoff analysis for recurrence-free survival. ROC, receiver operating character-

istic; AUC, area under the curve.

Table 2. Clinical, histological, and surgical characteristics by recurrence

Variable No recurrence (n=23) Recurred (n=18) p-value
Age (yr) 37.20+3.75 57.33+3.52 <0.001
Male sex 15 (65) 8 (44) 0.219
Tumor histology 0.067
Soft tissue sarcoma 12 (52) 6 (33)
Bone-originating sarcoma 10 (44) 6 (33)
Undifferentiated pleomorphic sarcoma 1(4) 6 (33)
Histologic grade (FNCLCC) 0.002
Grade | 7 (30) 1(5)
Grade Il 10 (43) 5 (27)
Grade Il 1(4) 8 (44)
Resection margin distance (cm) 0.011
>1.5 10 (44) 1(6)
<1.5 13 (56) 17 (94)
Resection margin classification 0.136
RO resection 18 (86) 10 (63)
R1 resection 3 (14) 6 (37)
Previous cancer history 4 (17) 8 (44) 0.087
Neoadjuvant or adjuvant therapy 11 (48) 9 (50) 1.000

Values are presented as meansstandard deviation or number (%).
FNCLCC, Fédération Nationale des Centres de Lutte Contre le Cancer.

studied using Pearson correlation coefficients owing tients in group 2 were older and had higher rates of

to a tendency for the resection margin distance to be
shorter in patients with large tumors in clinical
practice. The Pearson correlation coefficient was —
0.371 (p=0.107).

Table 2 compares the baseline characteristics of
the patients without recurrence (group 1, n=23) and
those showing recurrence (group 2, n=18). The pa-

histologic grade III tumors and undifferentiated pleo-
morphic sarcomas. More patients in group 2 than
those in group 1 had a resection margin distance
<1.5 cm and R1 resection. However, the proportion
of patients receiving adjuvant or neoadjuvant treat-
ment did not significantly differ between the groups.

In the univariate analysis for OS (Table 3), male
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Table 3. Univariate and multivariate analysis of overall survival

Univariate analysis

Multivariate analysis

Variable
HR (95% Cl) p-value HR (95% Cl) p-value

Male sex 2.68 (0.87-8.23) 0.085
Age >65yr 5.49 (1.84-16.42) 0.002 5.16 (1.72-15.48) 0.003
Previous cancer history 1.83 (0.59-5.62) 0.289
Tumor maximal diameter 1.13 (0.97-1.32) 0.113
Tumor histology

Soft tissue sarcoma 1

Bone-originating sarcoma 1.56 (0.41-5.81) 0.508

Undifferentiated pleomorphic sarcoma 3.33 (0.82-13.37) 0.091
Histologic grade (FNCLCC)

Grade | 1

Grade Il 5.025 (0.61-44.96) 0.130

Grade I 16.85 (1.85-153.19) 0.012
Resection margin classification

RO resection 1

R1 resection 2.99 (0.99-9.03) 0.051
Resection margin distance 0.55 (0.27-1.17) 0.073
Resection margin distance classification

Resection margin distance >1.5 cm 1

Resection margin distance <1.5 cm 4.43 (0.57-34.33) 0.118
Neoadjuvant or adjuvant therapy 1.00 (0.33-3.02) 0.988

HR, hazard ratio; Cl, confidence interval; FNCLCC, Fédération Nationale des Centres de Lutte Contre le Cancer.

sex, old age, tumor histology with undifferentiated
pleomorphic sarcoma, histologic grade III, R1 re-
section, and resection margin distance had p-values
<0.1 and were included in the multivariate analysis.
In the multivariate analysis (Table 3), old age was
the only independent risk factor for death.

In the univariate analysis for RFS (Table 4), old
age, previous history of cancer, maximal diameter of
the tumor, tumor histology with undifferentiated
pleomorphic sarcoma, histologic grade III, resection
margin distance, and a resection margin distance
<1.5 cm had p-values <0.1. In the multivariate anal-
ysis (Table 4), histologic grade Il and a resection
margin distance <1.5 cm were risk factors for
recurrence.

Fig. 4 shows the RFS curve of patients according
to the resection margin distance. The 10-year RFS of
patients with a resection margin distance =1.5 cm
was 90.9%, while that of patients with a resection
margin distance <1.5 cm was 43.6%. In the log-rank
test, the RFS rates differed significantly among the 3
groups (p=0.01).

Table 5 shows the recurrence patterns of both

groups. Only 1 patient with a resection margin dis-
tance =15 cm experienced recurrence (local re-
currence at the excision site). In contrast, 17 patients
(58.6%) with a resection margin distance <1.5 cm
experienced recurrence, of whom 11 (37.9%) showed
local recurrence at the resection site, while 6
(20.6%) experienced distant metastasis in the lungs,
bones, and lymph nodes. The median time of re-
currence was 3.67 years after surgery in patients
with a resection margin distance <1.5 cm.

Discussion

The aim of this study was to determine long-term
0S and RFS and to identify risk factors for death and
recurrence. The 5- and 10-year OS rates were 73%
and 61%, respectively, and the 10-year RFS rate was
57.1%; these rates are better than those in previous
studies [1-6,8,9].

Prior to the risk factor analysis, we performed an
analysis of the ROC curve and the cutoff for the opti-
mal resection margin distance. The AUC of the ROC
curve for OS was 0.66, and the AUC of the ROC
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Univariate analysis
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Multivariate analysis

Variable
HR (95% Cl) p-value HR (95% Cl) p-value

Male sex 0.48 (0.18-1.23) 0.121
Age >65yr 4.44 (1.61-12.21) 0.002
Previous cancer history 2.55 (1.05-6.48) 0.041
Tumor maximal diameter 1.15 (1.00-1.32) 0.040
Tumor histology

Soft tissue sarcoma 1

Bone-originating sarcoma 1.08 (0.41-2.83) 0.868

Undifferentiated pleomorphic sarcoma 3.75 (1.25-11.22) 0.018
Histologic grade (FNCLCC)

Grade | 1 1

Grade Il 3.13 (0.36-27.03) 0.298 2.48 (0.28-21.75) 0.410

Grade I 18.02 (2.16-149.92) 0.007 28.36 (2.76-290.87) 0.005
Resection margin classification

RO resection 1

R1 resection 1.99 (0.71-5.61) 0.181
Resection margin distance 0.47 (0.22-0.98) 0.022
Resection margin distance classification

Resection margin distance >1.5 cm 1 1

Resection margin distance <1.5 cm 8.85 (1.17-66.77) 0.011 15.759 (1.78-139.46) 0.013
Neoadjuvant or adjuvant therapy 1.42 (0.56-3.61) 0.452

HR, hazard ratio; Cl, confidence interval; FNCLCC, Fédération Nationale des Centres de Lutte Contre le Cancer.
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Fig. 4. Recurrence-free survival time according to resection mar-
gin distance.

curve for RFS was 0.74. The cutoff value with the
maximum Youden index was 1.5 cm. In many re-
views, a wide surgical resection margin has been
considered a prognostic factor for long-term survival
[6,8]. Authors have described specific methods of
achieving a wide resection margin for primary chest
wall sarcoma [1-8]. Although the optimal resection

Table 5. Recurrence pattern of all patients with known re-

section margin distance (N=40)

Resection margin distance

Variable >1.5cm <1.5cm P-value
(n=11) (n=29)

No recurrence 10 (90.9) 13 (44.8) 0.011
Total recurrence 1(9.1) 17 (58.6)

Local recurrence 1(9.1) 11 (37.9)

Distant metastasis 0 6 (20.6)

Lung 0 3(10.3)

Bone 0 2 (6.8)

Lymph node 0 1(3.4)
Time to recurrence (yr) 1.33 3.67

(0.16-11.18)

Values are presented as number (%) or median (range).

margin for good long-term survival was 4 cm accord-
ing to the previous results of a study by King et al.
[6], we identified a 1.5-cm resection margin distance
to be the cutoff point for an optimal resection mar-
gin in this study. There might be 2 reasons for this
difference. First, our data about the distance between
the resection margin and the tumor were based on

— 365 —



Ilkun Park, et al

pathologic data, not surgical records, because some
data about resection margin distance were missing
or incorrect in the surgical records. The resection
margin distance in the pathologic review can be
more accurate than that in surgical records. The sec-
ond issue relates to sample size. The number of all
patients with primary chest wall sarcoma and the
number of patients with a resection margin distance
>4 cm (n=3) might have been too small for de-
termining the optimal resection margin distance.
However, some previous reviews [1,2,6] also used a
2-cm resection margin as an indicator of better
survival.

We studied the relationship between the maximal
diameter of the tumor and the resection margin dis-
tance, because in clinical practice, there might be a
tendency for a shorter resection margin distance, es-
pecially in patients with large tumors, because of
proximity to vital structures. Using the Pearson cor-
relation test (r=—0.371, p=0.107), we failed to prove
a correlation between the maximal diameter of the
tumor and the resection margin distance. However,
in our data, all patients with a maximal diameter of
the tumor more than 7.5 cm had a resection margin
distance less than 1 cm. Although we were unable to
prove the correlation due to the small number of pa-
tients, there might be an inverse relationship be-
tween the maximal diameter of the tumor and the
resection margin distance, especially in larger tumors.

In risk factor analysis, old age was the only in-
dependent risk factor for overall death. High histo-
logic grade and resection margin distance less than
1.5 cm were 2 independent risk factors for re-
currence, which is consistent with the results of pre-
vious reviews [2,4,5,9].

An adequate resection margin distance is a
well-known prognostic factor for recurrence after
chest wall sarcoma resection [6]. Many centers have
reported variable descriptions of wide resection of
chest wall sarcoma, accompanied by variation in OS.
King et al. [6], who published the first report on the
importance of a wide surgical resection margin for
primary chest wall sarcoma, defined wide resection
as a margin of 4 cm with several partial ribs above
and below for rib tumors and entire bone resection
for sternal or manubrial cancers [6]. However, they
concluded that a 2-cm margin would be safe for
low-grade sarcomas, such as chondrosarcoma. Walsh

et al. [2] and Athanassiadi et al. [8] reported similar
descriptions of wide resection; however, Athanassiadi
et al. [8] reported different methods for sternal tu-
mors depending on the location of the sarcoma.
Perry et al. [4] and Jonsson et al. [7] described at
least 1 uninvolved rib and intercostal space above
and below the surgical resection of a primary chest
wall sarcoma, and Wouters et al. [1] described a 1-
to 2-cm margin of normal tissue as their principle of
surgical resection for primary chest wall sarcoma.

In the present study, we analyzed long-term RFS
according to the surgical resection margin distance
based on pathology reports, not surgical records.
Many surgical records in our study with a planned
resection margin distance of 4 cm revealed an in-
adequate resection margin distance (<1.5 c¢cm) in the
gross pathological reports after surgery. This differ-
ence may imply that the resection margin distance
measured by the surgeon during the operation might
be incorrect or inadequate because the resection
margin distance may have been considered in only 1
of the 4 directions from the tumor. Because a suffi-
cient resection margin distance is important for fa-
vorable surgical outcomes, we suggest that the re-
section margin distance be measured in all directions
to ensure an adequate margin.

Surgeons may achieve insufficient resection mar-
gins during chest wall sarcoma resection owing to in-
sufficient adherence to surgical principles, low-grade
chest wall sarcomas, or a tumor location near vital
structures. If it is impossible to ensure a sufficient
resection margin due to a tumor location near vital
structures, a 1.5-cm resection margin distance could
be justified considering our findings. Fig. 3 shows a
90.9% 10-year RFS of patients with a resection mar-
gin distance =1.5 cm if the resection margin dis-
tance is evaluated correctly. However, if possible, ev-
ery effort should be made to ensure a resection mar-
gin distance of 4 cm to ensure a good long-term dis-
ease-free survival rate based on previous reviews
[2,5,6,8].

This study has some limitations. First, this was a
retrospective case-control study. For ethical reasons,
however, it is impossible to conduct a randomized
controlled study of differences in the surgical re-
section margin. Second, values were missing for
some variables. Nine patients (21.1%) had no data
on the histologic grade. This may have limited the
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interpretation of risk factor analysis because histo-
logic grade was an independent risk factor for RFS.
However, most of the data, including survival and re-
section margin, were completely collected for most
patients.

In conclusion, the long-term OS and RFS after the
surgical resection of primary chest wall sarcoma
were clinically acceptable. Old age was the only in-
dependent risk factor for death, while a resection
margin distance <1.5 cm and histologic grade III
were prognostic factors for recurrence. Surgeons
should aim to achieve an adequate resection margin
distance to ensure favorable long-term RFS.
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