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Simple Summary: Many classifications to assess margins status for soft tissue sarcomas are reported
in the literature. Most of the series are heterogeneous and variable in size, making it difficult to
compare results from study to study. Thus, which is the best way to assess margins in order to
predict the risk of local recurrence is still debated. The aim of this narrative review is to provide
a comprehensive assessment of the literature on margins, and to highlight the need for a uniform
description of the margin status for patients with soft tissue sarcomas (STS).

Abstract: Adequacy of margins must take into consideration both the resection margin width (quan-
tity) and anatomic barrier (quality). There are several classification schemes for reporting surgical
resection margin status for soft tissue sarcomas (STS). Most of the studies regarding treatment out-
comes in STS included all histologic grades and histological subtypes, which include infiltrative and
non-infiltrative subtypes and are very heterogeneous in terms of both histologic characteristics and
treatment modalities (adjuvant treatments or not). This lack of consistency makes it difficult to com-
pare results from study to study. Therefore, there is a great need for evidence-based standardization
concerning the width of resection margins. The aim of this narrative review is to provide a compre-
hensive assessment of the literature on margins, and to highlight the need for a uniform description
of the margin status for patients with STS. Patient cases should be discussed at multidisciplinary
tumor boards and treatments should be individualized to clinical and demographic characteristics,
which must include also a deep knowledge of specific histotypes behaviors, particularly infiltrative
ones.

Keywords: margins; soft tissue sarcoma; classification; infiltrative; local recurrence

1. Introduction

Surgical excision with a broad margin of the surrounding normal tissue is the mainstay
of treatment for localized soft tissue sarcomas (STS) [1,2], in order to minimize the risk of
local recurrence (LR). Current guidelines recommend complete resection of STS with a
negative surgical margin, without a specific recommendation for the width of that margin
or a standard definition of a negative margin [3]. Due to their rarity and heterogeneity, most
studies regarding treatment outcomes in STS included all histologic grades and histologies
(infiltrative and non-infiltrative subtypes) [4], leading to general outcomes, which are
intricate to use in a clinical setting.

An adequate margin must take into consideration both the margin width (quantity)
and the type of anatomic barrier (quality) [5]. There are several classification schemes for
reporting surgical resection margin status for STS (Table 1). The Musculoskeletal Tumor
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Society (MSTS) classification originally described by Enneking [6] defined radical margins
(extracompartmental en-bloc excision) and wide margins (intracompartmental en-bloc
with a cuff of normal tissue). However, this classification did not detailed how to assess
margins for intracompartmental resections (marginal and intralesional excision). Over the
years, different residual tumor classification systems have been established. The American
Joint Committee on Cancer (AJCC)—R classification categorizes margins as negative (R0),
microscopically positive (R1), or grossly positive (R2) [7]. In 2002, the Union Against
Cancer (UICC) proposed a R + 1 mm classification, which requires 1 mm of normal tissue
between tumor and margin to define a negative margin (R0) [8,9], thus resulting in more
resections being considered microscopically positive (R1). The Toronto Margin Context
Classification (TMCC) outlined four categories: negative margins (R0 according to the R
classification), unplanned positive margins, a planned close but with an ultimately positive
microscopic margin along a critical structure, and a positive margin after a tumor bed
re-excision in patients treated initially with inadequate surgery elsewhere (the whoops
procedure) [8,10]. A solely positive or negative status of a margin, however, gives no
insight into the difference between clear but close margins and broader margins. Thus,
international guidelines typically recommend reporting tumor clearance (metric distance
of surgical margins) [2]. However, the minimum margin distance necessary to reduce the
risk of LR of high-grade STS remains undefined.

Table 1. Classifications of margins in soft tissue sarcomas.

Classification MSTS [6] AJCC [7] UICC [9] Tumor
Clearance [2] TMCC [10] Margin

Quality [6]

Description

Radical: all
normal tissue

involved
anatomic

compartment
excised en-bloc

R0: tumor does
not reach intact

barrier or
resection
margins

R0: resection
margin >1 mm

Metric distance
from edge of

tumor to inked
surgical
resection
margin

Negative
margins: tumor
does not reach

intact barrier or
resection margins

Anatomic
factors (the

tissue
composition of

the margin)

-

Wide:
histologically
non-reactive

normal tissue at
margin

R1: Microscopic
tumor

contamination
of margins or

resection
alongside

pseudocapsule

R1: Resection
margin < 1 mm - Unplanned

positive margins -

-

Marginal:
pseudocapsule

present at
margin

R2:
Macroscopic

tumor
contamination

R2:
Macroscopic

tumor
contamination

-

Planned close but
with an

ultimately
positive

microscopic
margin along a

critical structure

-

-
Intralesional:

Tumor present
at margin

- - -

Positive margin
after a tumor bed

re-excision in
patients treated

initially with
inadequate

surgery
elsewhere
(“whoops

procedure”)

-

AJCC: American Joint Committee on Cancer (R classification); MSTS: Muscoloskeletal Tumor Society; UICC: Union Against cancer; TMCC:
Toronto Margin Context Classification.
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If the tumor is resected with a broad margin, a variety of tissues may exist between the
resection margin and tumor. Anatomic factors such as the tissue composition of the margin
may impact the appropriateness of margin [6,10], with dense regular connective tissue
assumed to provide a more robust anatomic barrier to tumor cell infiltration. However, the
significance of margin quality has been investigated rarely, so the efficacy of these structures
as a barrier is still debated. Rydholm and Rooser [11], considering an intact muscle
as a distinct anatomical compartment, subclassified wide Enneking margins as wide-S
(subcutaneous) when a subcutaneous tumor was excised with a cuff of subcutaneous tissue
and deep fascia, wide-F (fascia) when a deep tumor was excised with an intact envelope
of uninvolved fascia, and wide-AM (areolar tissue and muscle). This subclassification
provided LR risk stratification, with a 10% 5-year rate of LR with wide-S and wide-F
margins and 30% with a wide-AM margin. Kawaguchi et al. [12] proposed a method of
margins assessment based on a combination of margin quantity and quality. Margins were
classified as curative, adequate, or inadequate depending on the width and quality of
the tissue comprising the margin. Inadequate wide margins did not ensure local control
even with adjuvant radiotherapy in high-grade sarcomas but were sufficient for low-grade
tumors.

The aim of this narrative review is to provide a comprehensive assessment of the
literature on margins, and to highlight the need for a uniform description of the margin
status for patients with STS.

2. Margins and Imaging

Modern imaging facilitates successful functional limb salvage, often with margins
that would be classified as marginal in the Enneking system [13]. Precisely this distinction
is important in the light of sparing as much tissue as possible for preferable functional
outcomes [14]. Magnetic resonance imaging (MRI) is the imaging tool most sensitive and
accurate to assess margins in STS. On conventional MRI, there are several recognized
features related to margins infiltration and subsequent increased risk of LR after surgical
excision. Above all, the most important feature on baseline MRI is an infiltrative grown
pattern. This pattern is generally characterized by irregular tumor surface and invasion in
the surrounding tissue; the infiltrative pattern is usually defined as focal (<25% of tumor
circumference) or diffuse (>25% of tumor circumference) [15]. In series focused on the
MRI evaluation of surrounding tissue in STS, the recognition of the infiltrative grown
pattern was found to be significantly associated with satellite tumorous cells at surgical
specimen histological analysis [16–20]. Some infiltrative STS subtypes (myxofibrosarcoma
and undifferentiated pleomorphic sarcoma) may present a specific focal-infiltrative pattern,
the so-called ‘tail sign’: a curvilinear tumor spread from the principal mass, usually along
the fascial plane. This sign is associated with increased risk of LR after excision; thus, its
recognition in pre-operative studies is fundamental for the complete and safe excision of
all tumoral components with broader margins of resection needed [21].

Peritumoral enhancement after Gadolinium administration is a well-recognized prog-
nostic factor in STS associated with patients’ worst local control. In a series of 130 STS
patients, Crombé et al. [22] observed that peritumoral enhancement was the most signifi-
cant MRI feature associated with histologically high-grade sarcomas. The presence of this
feature can be considered a direct manifestation of surrounding tissue infiltration in most
cases and its recognition should also suggest ampler margins of resection.

In order to reduce the risk of LR, intraoperative ultrasound was recently reported as a
very useful tool for ameliorating excision of STS [23].

Recent technical development of imaging analyses and the increasing request for
evidence-based medicine, led to a greater use of quantitative imaging. One of the most
promising tool is radiomics: it is a quantitative tool applicable to imaging, which aims
at enhancing the existing data by means of advanced mathematical analysis. Through
mathematical extraction of the spatial distribution of signal intensities and pixel interre-
lationships, this tool quantifies textural data by using analysis methods from the field of
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artificial intelligence [24]. Radiomics has already been proven to predict margins invasion
in a quantitative manner in several malignancies and it seems to be of great potential even
for STS [25–27]. Radiomics applied on MRI images can offer valuable quantitative informa-
tion regarding tumor shape that may help in the assessment of margins infiltration [27].
However, future studies focused on radiomics and STS margins infiltration are needed to
assess the potential use of this technology [28].

3. Margins Assessment

A recent consensus practice guideline remarked that “no available evidence-based
data addressed how to adequately assess margins” [3]. Pathologists assess surgical re-
section margins by submitting more sections from margins that are close or concerning
on gross inspection. However, careful gross assessment of surgical resection margins
can be misleading. Therefore, microscopic examination of six to eight perpendicular sec-
tions in total from all margins <2 cm in width is a practical compromise and a reasonable
recommendation [29].

Goldstein et al. [30] examined the shrinkage of the resected specimens in colon cancer,
observing that sample shrank by 57% of the in vivo length after formalin fixation. Given
that this contraction also occurs in STS, the microscopic 2 mm margin, for example, could
be equivalent to 4–5 mm. In addition, there is also contraction of normal muscle or
adipose tissue around the tumor just after excision. Therefore, when considering a possible
shrinkage down to the microscopic 2 mm margin, it could be safer to plan for an at least
1 cm margin in the surgical field in order to minimize the risk of local failure for STS.

Only a few reports have shown the diagnostic accuracy of intraoperative frozen-
section diagnoses for STS [31–33]. However, the role of frozen-section for margins as-
sessment in STS has never been investigated. Frozen-section diagnoses exhibited low
diagnostic accuracies for adipocytic tumors and fibroblastic/myofibroblastic tumors [34].

Nevertheless, intraoperative assessment of surgical margins is critical to ensuring
residual tumor does not remain in a patient. Therefore, fluorescence-guided cancer surgery
has been proposed also in STS. Fu et al. [35] and Matsubara et al. [36] investigated the role
of acridine orange to highlight residual disease after the tumor was surgically removed.
Acridine orange has an additional photodynamic effect which may help in sterilizing resid-
ual disease [36]. Another fluorescent agent (Indocyanine green) was recently investigated
in animal models of synovial sarcoma [37].

4. Comparison between Classifications

Many series in the literature report local recurrence rates after surgical treatment of
STS according to different classifications (Tables 2–6). However, only a few recent studies
directly analyzed which classification is most accurate in predicting LR of STS.

Cates et al. [38] compared different margin classification schemes (R classification,
MSTS, or margin distance method) and they observed that none of them was clearly su-
perior to the others. However, they reported that, given the increased specificity and
positive predictive value of a binary positive versus negative reporting system, the di-
chotomized R system and MSTS classifications appear sufficient in this clinical setting.
Gundle et al. [39] by direct comparison of three schemes (R, R+1 and TMCC classifications)
concluded that the traditional R classification best determined the risk of LR, but TMCC
provides additional stratification of positive margins that may aid in the surgical planning.
Kainhofer et al. [40] compared different classifications of resection margins (R and R+1
classifications) on LR and found out that margin status according to both classifications was
a significant prognostic factor for LR. However, they observed that a R0 margin determined
by the UICC classification is a better discriminator for LR than R0 resections according to
the R classification. A higher percentage of positive resection margins naturally results
by applying the stricter definition of the UICC classification [40]. This indicates that R1
resections as defined by the UICC-classification pick out more patients with high risk of
LR than R1 resections according to the R-classification would do.
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Table 2. Review of the literature. Studies reporting margins based on MSTS classification.

Study Margins Sample Size Histotypes Tumor Grade Median Follow
Up (Months) LR Rate

Margin
Indipendent
Prognostic

Factor for LR?

Other
Prognostic
Factors for

LR?

Homogeneous
Cohort

Vodanovich
et al. [37]

Radical/Wide
Marginal/Intralesional 266 Infiltrative STS High grade 85 13.0%

36.9% yes Age yes

Cates et al. [28]
Radical/Wide

Marginal
Intralesional

166 All histotypes High grade 51
12.0%
24.0%
50.0%

yes - no

Cates et al. [26] Radical/Wide
Marginal/Intralesional 166 All histotypes High grade 49

11.0% (no RT)
3.0% (with RT)
100.0% (no RT)
35.0% (with RT)

yes RT no

Willeumier et al.
[41]

Intralesional
Marginal

Wide
127 Infiltrative STS High grade 71

50.0%
30.0%
8.0%

yes Tumor size yes

LR: local recurrence; RT: radiotherapy.

Table 3. Review of the literature. Studies reporting margins based on AJCC classification.

Study Margins Sample
Size Histotypes Tumor Grade

Median
Follow Up
(Months)

LR Rate

Margin
Indipendent
Prognostic

Factor for LR?

Other Prognostic
Factors for LR?

Homogeneous
Cohort

Gundle et al. [29]
R0%
R1
R2

2217 All Histotypes All grades 65
6.0%

17.0%
38.0%

yes
Grade 3
Depth

RT
no

Stojadinovic et al. [42] R0%
R1 2084 All histotypes High- low grade 50 15.2%

28.0% yes

Tumor size
Histologic grade
Retroperitoneal

location
Fibrosarcoma

histologic subtype

no
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Table 3. Cont.

Study Margins Sample
Size Histotypes Tumor Grade

Median
Follow Up
(Months)

LR Rate

Margin
Indipendent
Prognostic

Factor for LR?

Other Prognostic
Factors for LR?

Homogeneous
Cohort

Harati et al. [43] R0
R1 643 All histotypes All grades 64 32.9%

63.9% yes

Age
Histological grade
Myxofibrosarcoma

Adjuvant RT

no

Ahmad et al. [37] R0%
R1 382 All histotypes All grades 82 7.0%

17.0% yes RT no

Bilgeri et al. [35] R0%
R1 305 All Histotypes Grade 2–3 60 17.0%

34.0% yes RT no

Kainhofer et al. [31] R0%
R1 265 All histotypes All grades - 16.5%

36.7% yes Adjuvant ChT no

Le Doussal et al. [44] R0%
R1 216 Infiltrative STS All grades 42 37.0% no RT no

Goertz et al. [45] R0%
R1/R2 192 Infiltrative STS All grades 61 24.3%

50.9% yes Adjuvant RT yes

Cates et al. [28]

R0%
<1 mm
≥2 mm
R1-R2

166 All histotypes High grade 51
24.0%
12.0%
50.0%

yes - no

Cates et al. [26] R0%
R1 166 All histotypes High grade 49

30.0% (no RT)
17.0% (with RT)
17.0% (with RT)

yes RT no

Iwata et al. [46]
R0%
R1
R2

145 All histotypes Grade 2–3 48
5.0%

21.0%
15.0%

yes Histological
infiltration no

Sambri et al. [15] R0%
R1 129 Infiltrative STS Grade 3 35 18.0%

29.4% no - yes

Dadrass et al. [47] R0%
R1/R2 42 Infiltrative STS All grades - 13.0%

85.0% yes - yes

LR: local recurrence; RT: radiotherapy; ChT: chemotherapy.
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Table 4. Review of the literature. Studies reporting margins based on UICC classification.

Study Margins Sample Size Histotypes Tumor Grade Median Follow
Up (Months) LR Rate

Margin
Indipendent
Prognostic

Factor for LR?

Other
Prognostic

Factors for LR?

Homogeneous
Cohort

Gundle et al. [29]
R0%
R1
R2

2217 All Histotypes All grades 65
6.0%

10.0%
38.0%

yes
Grade 3
Depth

RT
no

Kainhofer et al. [31] R0%
R1 265 All histotypes All grades - 12.0%

57.9% yes Adjuvant ChT
Tumor Depth no

Fuiiwara et al. [48]
R0%
R1
R2

109 All Histotypes Grade 1 67
7.0%

14.0%
54.0%

yes Tumor Depth no

LR: local recurrence; RT: radiotherapy; ChT: chemotherapy.

Table 5. Review of the literature. Studies reporting margins based on TMCC classification.

Study Margins Sample
Size Histotypes Tumor Grade

Median
Follow Up
(Months)

LR Rate

Margin
Indipendent
Prognostic

Factor for LR?

Other
Prognostic
Factors for

LR?

Homogeneous
Cohort

Gundle et al.
[29]

Negative margins
Critical structure positive margins

Tumor bed resection positive margins
Unexpected positive margins

2217 All Histotypes All grades 65

6.0%
10.0%
18.0%
28.0%

yes
Grade 3
Depth

RT
no

O’Donnell et al.
[8]

Negative margins
Critical structure positive margins

Tumor bed resection positive margins
Unexpected positive margins

1371 All histotypes All grades 62

3.0%
14.6%
21.1%
36.6%

yes - no

Kawaguchi et al.
[34]

Positive margin
<1 mm
1–4 mm

5 mm

837 All histotypes High- low
grade -

79.0%
40.0%
11.0%
10.0%

yes - no

LR: Local recurrence; RT: radiotherapy.
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Table 6. Review of the literature. Studies reporting margins based on width margin classification.

Study Margins Sample Size Histotypes Tumor Grade
Median

Follow Up
(Months)

LR Rate

Margin
Indipendent
Prognostic

Factor for LR?

Other
Prognostic

Factors for LR?

Homogeneous
Cohort

Harati et al. [43]

Positive margin
≤1 mm

>1 mm/≤5 mm
>5 mm

643 All histotypes All grades 64

63.9%
30.9%
31.3%
32.4%

yes

Age
Histological

grade
Myxofibrosarcoma

subtype
Adjuvant RT

no

Gannon et al. [49]
Positive margin
≤1 mm
>1 mm

514 All histotypes All grades 19.2
9.0%
4.2%
9.3%

No RT no

Fujiwara et al. [50]
Positive margin

0.1–9.9 mm
≥10 mm

278 Infiltrative STS Grade 2–3 60
22.0%
13.0%
3.0%

yes Margin quality yes

Ahmad et al. [38]

Positive margin
≤1 mm

>1 mm/≤5 mm
>5 mm

382 All histotypes All grades 82

17.0%
10.0%
7.0%
0%

yes RT no

Bilgeri et al. [35]

Positive margin
≤1 mm

>1 mm/≤5 mm
>5 mm

305 All histotypes Grade 2–3 60

34.0%
30.0%
13.0%

0%

yes RT no

Dickinson et al. [51]

Positive margin
<1 mm
1–4 mm
5–9 mm

10–19 mm
≥20 mm

279 All histotypes - 32

22.0%
17.0%
4.0%
5.0%
9.0%
0%

yes - no
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Table 6. Cont.

Study Margins Sample Size Histotypes Tumor Grade
Median

Follow Up
(Months)

LR Rate

Margin
Indipendent
Prognostic

Factor for LR?

Other
Prognostic

Factors for LR?

Homogeneous
Cohort

Sampo et al. [39]
≥1 cm
≥2 cm
≥2.5 cm

270 All histotypes High- low grade 79
16.7%
14.1%
10.8%

yes RT no

Goertz et al. [45]

Positive margin
≤1 mm

>1 mm/≤5 mm
>5 mm

192 Infiltrative STS All grades 61

50.9%
21.8%
13.1%
25.0%

yes Adjuvant RT yes

Liu et al. [52]

Positive margin
1–4 mm
5–9 mm

10–19 mm
20–29 mm
≥30 mm

181 All histotypes All grades 43

71.0%
42.0%
42.0%
3.0%
9.0%
0%

yes Tumor Depth no

Cates et al. [26] <3 mm
>3 mm 166 All histotypes High grade 49

57.0% (no RT)
31% (with RT)
9.0% (no RT)

4.0% (with RT)

yes RT no

Sadoski et al. [53]
Positive margin
≤1 mm
>1 mm

132 All histotypes All grades -
18.0%
6.0%
3.0%

yes - no

Willeumier et al. [41]
Positive margin

0–2 mm
>2 mm

127 Infiltrative STS High grade 71
50.0%
30.0%
8.0%

yes Tumor size yes
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Table 6. Cont.

King et al. [54]
<1 mm
1–5 mm
>5 mm

117 All histotypes All grades 44
4.4%
2.6%
3.8%

no - no

Mcknee et al. [55]

Positive margin
1–2 mm
3–9 mm
≥10 mm

111 All histotypes High- low grade 45

42.0%
39.0%
31.0%
16.0%

yes Tumor size no

Tang et al. [49]

<2 mm
>2 mm

Positive margin
Re-excision

Radiotherapy
No treatment

73 All histotypes High- low grade 52

45.0%
11.0%
20.0%
57.1%

100.0%

yes - no

LR: local recurrence; RT: radiotherapy.
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5. Margins Width

Only a few studies reported that margins have no impact on LR [43,54], whereas most
of the series observed that tumor resection with a gross positive margin are accompanied by
unacceptably high rates of LR [41,51,55,56]. However, a solely positive or negative status
of a margin, as clear but close margins and broader margins should not be considered
equal in their risk to the patient [8]. The real question is what constitutes an “optimal”
margin? How ample a surgical margin is needed to ensure the lowest risk of LR while still
preserving function? However, this question has never been satisfactorily addressed in the
literature [29].

Adequate margin has been described in several ways, ranging from adjectives like a
radical, wide, or close [6] until negative (>0 mm) margin [52,57], up to 3 cm [53,58], or even
5 cm [53]. Ahmad et al. [52] and Harati et al. [59] reported that achieving a negative margin
is essential for optimizing local control and survival, but the absolute quantitative width of
the negative margin does not influence outcome. According to King et al. [60], the incidence
of LR was similar in patients with less than 1 mm margins and greater than 1 mm margins.
On the other hand, many series reported a 1 mm width as a good margin. Kainhofer
et al. [40] concluded that patients with a resection margin of <1 mm have the same local
control as those with positive resection margin [58]. Gundle et al. [39] observed that in
the setting of radiation treated patients, a negative but <1 mm margin may be adequate.
Similarly, Cates et al. [38] demonstrated that close but negative margins (<1 mm from
tumor or MSTS marginal resection margins) appear adequate after neoadjuvant therapy,
even if the risk of LR is slightly decreased with broader resection margins (≥2 mm or
MSTS wide/radical margins). In the study of Dickinson et al. [61], margins of <1 mm or
contaminated margins proved to be worse, but margins of 1–4 mm, 5–9 mm, and 10–19 mm
showed about the same rate of LR. Other series reported that margins as close as 2 mm
are sufficient [46,62]. Other authors suggested that margins should be at least 10 mm to
ameliorate local control [63,64]. Nevertheless, it is virtually impossible to achieve a margin
width of 10 mm or more for the vast majority of large, high-grade, deep-seated STS; thus,
defining an optimal margin width of 10 mm is not clinically feasible in most patients.

Two different series reported that a minimum 5 mm margin is adequate if no adjuvant
radiation therapy (RT) is administered, but it can be reduced to 1 mm with post-operative
RT [29,65]. Sadoski et al. [66], as well as many other series [10,13,44,47,52,60,66], suggested
that patients who have microscopic positive margins have lower rates of LR as long as
the surgical excision is coupled with adjuvant RT. On the other hand, another series [44]
observed that positive margins were associated with lower local control despite the uti-
lization of adjuvant RT, suggesting negative margins remains a primary objective for all
treatment options. These findings suggest that although microscopic disease left behind
at the time of surgery may in some cases be sterilized by RT, this may be incomplete, and
LR is still a significant risk under such circumstances. Therefore, achieving an optimal,
negative surgical margin is of paramount importance.

Unexpected positive margins not along critical structures but, instead, affecting the
soft tissues surrounding the excised STS may occur because of surgical error or extension
of tumor beyond what is evident on cross-sectional imaging, and they have the highest risk
of LR [39]. However, microscopically positive margins can be also the consequence of close
dissection for the preservation of major vessels, nerves, or bone [8]. While unexpected
positive margins showed the worst outcome for LR, “planned” positive margins along
critical structures is acceptable in particular in patients who receive preoperative RT [45,50].

6. Margins in Specific STS Histotypes

Specific STS subtypes such as myxofibrosarcoma (MFS) and undifferentiated pleomor-
phic sarcoma (UPS) frequently present with an infiltrative growth pattern [19,20,42,48,49,67].
They have an increased likelihood of LR irrespective of the surgical margins [68]. Therefore,
it is crucial to analyze the entities separately and to assess the prognostic significance of
treatment-related factors for every histologic subset specifically. Regarding the effects of
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margins status in UPS, Dineen et al. [69] found an association between R0 margins and
local control, whereas Le Doussal et al. [70] observed that only R2-resections were found to
be of prognostic significance while microscopic margins did not alter the outcome. Iwata
et al. [42] concluded that a resection margin of 2 cm away from the end of the radiological
tumor infiltration would be the ideal margin because the vast majority of cases could
achieve broad histological in infiltrative sarcomas resection seems to be overstated. Never-
theless, such a broader resection can increase the demand for plastic reconstruction surgery,
risk of wound complication, and functional deterioration.

Dadrass et al. [71] in a homogeneous series of MFS, found an association of LR with
positive margin resection. Interestingly, the rate of LR in negative margin resections was
relatively high compared to other STS subtypes. Sambri et al. [16] observed no correlation
between margin adequacy and LR in MFS. This highlights that specific infiltrative STS
can highly recur even if excised with wide margins. Although negative margins may
be achieved during resection, the irregular histologic pattern of MFS can still reveal mi-
croscopically positive margins on histopathology, more often than would be expected
in other histotypes [71]. Fujiwara et al. [72] demonstrated that in the case of MFS and
UPS, neither the R-classification nor the R1-classification were able to stratify the risk
of LR in patients with negative margins, indicating that these classification systems are
not sufficiently sensitive to stratify what constitutes an adequate margin of resection for
infiltrative STS. Nonetheless, the authors observed that a margin in excess of 10 mm was
associated with the lowest LR risk. In addition, LR risk in patients with margins < 10 mm
with fascia/periosteum barrier was found to have an equivalent risk of LR compared to
resection margin greater than 10 mm with any margin quality [4]. Therefore, a margin
composed of fascia may be equivalent to a metric margin of at least 10 mm. Goertz et al. [73]
observed that only the quality of surgical margins, but not the negative margin width had
a prognostic influence. Moreover, it must be considered that preoperative RT may not have
an effect on these infiltrative STS subtypes [16,67].

Well-differentiated liposarcoma is known to rarely recur. However, most of the series
reported data on tumor grade rather than on the specific histology. Fujiwara et al. [74] in a
homogeneous series on low-grade STS observed that excellent local control was achieved
with margins >2 mm, even though negative margins provided only 10% LR. The authors
concluded that the role of margins is more important than RT in local control for low-grade
STS. Similarly, Sampo et al. [53] reported that LR risk in patients with low-grade STS
was 21.4% at 5 years follow-up in patients with positive margins and 9.8% in those with
negative margins. Kawaguchi et al. [12,51] also analyzed the adequacy of margin width in
low-grade sarcomas, but their cohort included a mixture of bone and soft tissue sarcomas.

7. Conclusions

Most of the studies regarding treatment outcomes in STS included all histologic
grades and histologies (infiltrative and non-infiltrative subtypes) [4,75,76] and are very
heterogeneous in terms of both histologic characteristics and treatment modalities (adjuvant
treatments or not). This lack of consistency as well as very variable sample size between
studies, makes it difficult to compare study results. Therefore, there is a great need for
evidence-based standardization concerning the width of resection margins. None of the
reported classifications is completely reliable for predicting the risk of recurrence.

Patient cases should be discussed at multidisciplinary tumor boards and treatments
should be individualized to clinical and demographic characteristics, which must include
also a deep knowledge of specific histotypes behavior [77]. Additional treatment should,
therefore, be considered for all tumors that are resected with close negative margins. In
patients with small superficial tumors, this may best be accomplished by re-excision. In
patients who have already undergone the amplest possible excision, or in whom complete
and accurate re-excision would be difficult, adjuvant radiotherapy should be considered.

A careful surgical planning and the administration of neoadjuvant RT have evolved
to allow closer and even positive margins around critical structures to preserve critical
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structures and thereby maximize patient function [8,10,56,60]. A fair discussion with the
patient regarding the increased risk of LR versus the increased morbidity and functional
impairment of a broader resection is warranted. Moreover, these patients should be recog-
nized to be at special risk for local failure, and should be considered as prime candidates
for new treatments designed to enhance local control.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Clark, M.A.; Fisher, C.; Judson, I.; Thomas, J.M. Soft-tissue sarcomas in adults. N. Engl. J. Med. 2005, 353, 701–711. [CrossRef]

[PubMed]
2. Casali, P.G.; Jost, L.; Sleijfer, S.; Verweij, J.; Blay, J.Y.; Group, E.G.W. Soft tissue sarcomas: ESMO clinical recommendations for

diagnosis, treatment and follow-up. Ann. Oncol. 2009, 20 (Suppl. 4), 132–136. [CrossRef]
3. Kandel, R.; Coakley, N.; Werier, J.; Engel, J.; Ghert, M.; Verma, S.; Sarcoma Disease Site Group of Cancer Care Ontario’s Program

in Evidence-Based Care. Surgical margins and handling of soft-tissue sarcoma in extremities: A clinical practice guideline. Curr.
Oncol. 2013, 20, e247–e254. [CrossRef] [PubMed]

4. Fujiwara, T.; Sumathi, V.; Parry, M.; Stevenson, J.; Tsuda, Y.; Kaneuchi, Y.; Jeys, L. The role of surgical margin quality in
myxofibrosarcoma and undifferentiated pleomorphic sarcoma. Eur. J. Surg. Oncol. 2020. [CrossRef]

5. Byerly, S.; Chopra, S.; Nassif, N.A.; Chen, P.; Sener, S.F.; Eisenberg, B.L.; Tseng, W.W. The role of margins in extremity soft tissue
sarcoma. J. Surg. Oncol. 2016, 113, 333–338. [CrossRef] [PubMed]

6. Enneking, W.F.; Spanier, S.S.; Goodman, M.A. A system for the surgical staging of musculoskeletal sarcoma. 1980. Clin. Orthop.
Relat. Res. 2003, 4–18. [CrossRef]

7. Hermanek, P.; Wittekind, C. The pathologist and the residual tumor (R) classification. Pathol. Res. Pract. 1994, 190, 115–123.
[CrossRef]

8. O’Donnell, P.W.; Griffin, A.M.; Eward, W.C.; Sternheim, A.; Catton, C.N.; Chung, P.W.; O′Sullivan, B.; Ferguson, P.C.; Wunder, J.S.
The effect of the setting of a positive surgical margin in soft tissue sarcoma. Cancer 2014, 120, 2866–2875. [CrossRef] [PubMed]

9. Gronchi, A.; Miceli, R.; Fiore, M.; Collini, P.; Lozza, L.; Grosso, F.; Mariani, L.; Casali, P.G. Extremity soft tissue sarcoma: Adding
to the prognostic meaning of local failure. Ann. Surg. Oncol. 2007, 14, 1583–1590. [CrossRef] [PubMed]

10. Gerrand, C.H.; Wunder, J.S.; Kandel, R.A.; O′Sullivan, B.; Catton, C.N.; Bell, R.S.; Griffin, A.M.; Davis, A.M. Classification of
positive margins after resection of soft-tissue sarcoma of the limb predicts the risk of local recurrence. J. Bone Joint Surg. Br. 2001,
83, 1149–1155. [CrossRef]

11. Rydholm, A.; Rööser, B. Surgical margins for soft-tissue sarcoma. J. Bone Joint Surg. Am. 1987, 69, 1074–1078. [CrossRef] [PubMed]
12. Kawaguchi, N.; Matumoto, S.; Manabe, J. New method of evaluating the surgical margin and safety margin for musculoskeletal

sarcoma, analysed on the basis of 457 surgical cases. J. Cancer Res. Clin. Oncol. 1995, 121, 555–563. [CrossRef] [PubMed]
13. Dagan, R.; Indelicato, D.J.; McGee, L.; Morris, C.G.; Kirwan, J.M.; Knapik, J.; Reith, J.; Scarborough, M.T.; Gibbs, C.P.; Marcus,

R.B.; et al. The significance of a marginal excision after preoperative radiation therapy for soft tissue sarcoma of the extremity.
Cancer 2012, 118, 3199–3207. [CrossRef] [PubMed]

14. Trovik, C.S.; Skjeldal, S.; Bauer, H.; Rydholm, A.; Jebsen, N. Reliability of Margin Assessment after Surgery for Extremity Soft
Tissue Sarcoma: The SSG Experience. Sarcoma 2012, 2012, 290698. [CrossRef] [PubMed]

15. Nakamura, T.; Matsumine, A.; Matsubara, T.; Asanuma, K.; Yada, Y.; Hagi, T.; Sudo, A. Infiltrative tumor growth patterns
on magnetic resonance imaging associated with systemic inflammation and oncological outcome in patients with high-grade
soft-tissue sarcoma. PLoS ONE 2017, 12, e0181787. [CrossRef] [PubMed]

16. Sambri, A.; Bianchi, G.; Righi, A.; Ferrari, C.; Donati, D. Surgical margins do not affect prognosis in high grade myxofibrosarcoma.
Eur. J. Surg. Oncol. 2016, 42, 1042–1048. [CrossRef]

17. Sambri, A.; Tuzzato, G.; Spinnato, P.; De Paolis, M.; Donati, D.M.; Bianchi, G. Grading in Myxofibrosarcoma of the Extremities
Can Predict Survival and Local Control. Oncol. Res. Treat. 2020, 1–5. [CrossRef]

18. Sambri, A.; De Paolis, M.; Spinnato, P.; Donati, D.M.; Bianchi, G. The Biology of Myxofibrosarcoma: State of the Art and Future
Perspectives. Oncol. Res. Treat. 2020, 43, 305–312. [CrossRef] [PubMed]

19. Spinnato, P.; Clinca, R.; Vara, G.; Cesari, M.; Ponti, F.; Facchini, G.; Longhi, A.; Donati, D.M.; Bianchi, G.; Sambri, A. MRI Features
as Prognostic Factors in Myxofibrosarcoma: Proposal of MRI Grading System. Acad. Radiol. 2020. [CrossRef]

20. Spinnato, P.; Sambri, A.; Fujiwara, T.; Ceccarelli, L.; Clinca, R.; Medellin, M.R.; De Paolis, M.; Donati, D.M.; Bianchi, G.
Myxofibrosarcoma: Clinical and prognostic value of MRI features. Curr. Med. Imaging 2020. [CrossRef]

21. Tsukamoto, S.; Mavrogenis, A.F.; Tanaka, Y.; Errani, C. Imaging of soft tissue tumors. Curr. Med. Imaging 2020. [CrossRef]
[PubMed]

22. Crombe, A.; Marcellin, P.J.; Buy, X.; Stoeckle, E.; Brouste, V.; Italiano, A.; Le Loarer, F.; Kind, M. Soft-Tissue Sarcomas: Assessment
of MRI Features Correlating with Histologic Grade and Patient Outcome. Radiology 2019, 291, 710–721. [CrossRef]

http://doi.org/10.1056/NEJMra041866
http://www.ncbi.nlm.nih.gov/pubmed/16107623
http://doi.org/10.1093/annonc/mdp153
http://doi.org/10.3747/co.20.1308
http://www.ncbi.nlm.nih.gov/pubmed/23737694
http://doi.org/10.1016/j.ejso.2020.11.144
http://doi.org/10.1002/jso.24112
http://www.ncbi.nlm.nih.gov/pubmed/26662660
http://doi.org/10.1097/01.blo.0000093891.12372.0f
http://doi.org/10.1016/S0344-0338(11)80700-4
http://doi.org/10.1002/cncr.28793
http://www.ncbi.nlm.nih.gov/pubmed/24894656
http://doi.org/10.1245/s10434-006-9325-0
http://www.ncbi.nlm.nih.gov/pubmed/17260106
http://doi.org/10.1302/0301-620X.83B8.0831149
http://doi.org/10.2106/00004623-198769070-00017
http://www.ncbi.nlm.nih.gov/pubmed/3654700
http://doi.org/10.1007/BF01197769
http://www.ncbi.nlm.nih.gov/pubmed/7559736
http://doi.org/10.1002/cncr.26489
http://www.ncbi.nlm.nih.gov/pubmed/22020375
http://doi.org/10.1155/2012/290698
http://www.ncbi.nlm.nih.gov/pubmed/22761544
http://doi.org/10.1371/journal.pone.0181787
http://www.ncbi.nlm.nih.gov/pubmed/28727824
http://doi.org/10.1016/j.ejso.2016.05.015
http://doi.org/10.1159/000506844
http://doi.org/10.1159/000507334
http://www.ncbi.nlm.nih.gov/pubmed/32450554
http://doi.org/10.1016/j.acra.2020.08.018
http://doi.org/10.2174/1573405616999200729152135
http://doi.org/10.2174/1573405616666200713183400
http://www.ncbi.nlm.nih.gov/pubmed/32660406
http://doi.org/10.1148/radiol.2019181659


Cancers 2021, 13, 1687 14 of 16

23. Takeuchi, A.; Yamamoto, N.; Hayashi, K.; Miwa, S.; Igarashi, K.; Yonezawa, H.; Morinaga, S.; Araki, Y.; Asano, Y.; Ikeda, H.; et al.
Intraoperative ultrasonography-guided surgery for malignant soft tissue tumor. J. Surg. Oncol. 2020, 122, 1791–1801. [CrossRef]
[PubMed]

24. van Timmeren, J.E.; Cester, D.; Tanadini-Lang, S.; Alkadhi, H.; Baessler, B. Radiomics in medical imaging-“how-to” guide and
critical reflection. Insights Imaging 2020, 11, 91. [CrossRef]

25. Cho, H.H.; Lee, G.; Lee, H.Y.; Park, H. Marginal radiomics features as imaging biomarkers for pathological invasion in lung
adenocarcinoma. Eur. Radiol. 2020, 30, 2984–2994. [CrossRef] [PubMed]

26. Bakr, S.; Echegaray, S.; Shah, R.; Kamaya, A.; Louie, J.; Napel, S.; Kothary, N.; Gevaert, O. Noninvasive radiomics signature based
on quantitative analysis of computed tomography images as a surrogate for microvascular invasion in hepatocellular carcinoma:
A pilot study. J. Med. Imaging 2017, 4, 041303. [CrossRef] [PubMed]

27. Crombé, A.; Le Loarer, F.; Sitbon, M.; Italiano, A.; Stoeckle, E.; Buy, X.; Kind, M. Can radiomics improve the prediction of
metastatic relapse of myxoid/round cell liposarcomas? Eur. Radiol. 2020, 30, 2413–2424. [CrossRef] [PubMed]

28. Crombé, A.; Fadli, D.; Italiano, A.; Saut, O.; Buy, X.; Kind, M. Systematic review of sarcomas radiomics studies: Bridging the gap
between concepts and clinical applications? Eur. J. Radiol. 2020, 132, 109283. [CrossRef] [PubMed]

29. Cates, M.M.; Cates, J.M.M. Surgical resection margin classifications for high-grade pleomorphic soft tissue sarcomas of the
extremity or trunk: Definitions of adequate resection margins and recommendations for sampling margins from primary resection
specimens. Mod. Pathol. 2019, 32, 1421–1433. [CrossRef]

30. Goldstein, N.S.; Soman, A.; Sacksner, J. Disparate surgical margin lengths of colorectal resection specimens between in vivo and
in vitro measurements. The effects of surgical resection and formalin fixation on organ shrinkage. Am. J. Clin. Pathol. 1999, 111,
349–351. [CrossRef] [PubMed]

31. Bui, M.M.; Smith, P.; Agresta, S.V.; Cheong, D.; Letson, G.D. Practical issues of intraoperative frozen section diagnosis of bone
and soft tissue lesions. Cancer Control 2008, 15, 7–12. [CrossRef] [PubMed]

32. Shah, M.S.; Garg, V.; Kapoor, S.K.; Dhaon, B.K.; Gondal, R. Fine-needle aspiration cytology, frozen section, and open biopsy:
Relative significance in diagnosis of musculoskeletal tumors. J. Surg. Orthop. Adv. 2003, 12, 203–207. [PubMed]

33. Golouh, R.; Bracko, M. Accuracy of frozen section diagnosis in soft tissue tumors. Mod. Pathol. 1990, 3, 729–733. [PubMed]
34. Miwa, S.; Yamamoto, N.; Hayashi, K.; Takeuchi, A.; Igarashi, K.; Tada, K.; Higuchi, T.; Yonezawa, H.; Morinaga, S.; Araki, Y.; et al.

Accuracy of histological grades from intraoperative frozen-section diagnoses of soft-tissue tumors. Int. J. Clin. Oncol. 2020, 25,
2158–2165. [CrossRef]

35. Fu, H.L.; Mueller, J.L.; Whitley, M.J.; Cardona, D.M.; Willett, R.M.; Kirsch, D.G.; Brown, J.Q.; Ramanujam, N. Structured
Illumination Microscopy and a Quantitative Image Analysis for the Detection of Positive Margins in a Pre-Clinical Genetically
Engineered Mouse Model of Sarcoma. PLoS ONE 2016, 11, e0147006. [CrossRef]

36. Matsubara, T.; Kusuzaki, K.; Matsumine, A.; Nakamura, T.; Sudo, A. Can a less radical surgery using photodynamic therapy with
acridine orange be equal to a wide-margin resection? Clin. Orthop. Relat. Res. 2013, 471, 792–802. [CrossRef] [PubMed]

37. Sardar, H.S.; Zai, Q.; Xu, X.; Gunn, J.R.; Pogue, B.W.; Paulsen, K.D.; Henderson, E.R.; Samkoe, K.S. Dual-agent fluorescent labeling
of soft-tissue sarcomas improves the contrast based upon targeting both interstitial and cellular components of the tumor milieu.
J. Surg. Oncol. 2020, 122, 1711–1720. [CrossRef]

38. Cates, V.M.; Cates, J.M.M. Surgical Resection Margin Classifications for High-grade Pleomorphic Soft Tissue Sarcomas of the
Extremity or Trunk After Neoadjuvant Cytotoxic Therapy. Am. J. Surg. Pathol. 2019, 43, 844–850. [CrossRef] [PubMed]

39. Gundle, K.R.; Kafchinski, L.; Gupta, S.; Griffin, A.M.; Dickson, B.C.; Chung, P.W.; Catton, C.N.; O’Sullivan, B.; Wunder, J.S.;
Ferguson, P.C. Analysis of Margin Classification Systems for Assessing the Risk of Local Recurrence After Soft Tissue Sarcoma
Resection. J. Clin. Oncol. 2018, 36, 704–709. [CrossRef] [PubMed]

40. Kainhofer, V.; Smolle, M.A.; Szkandera, J.; Liegl-Atzwanger, B.; Maurer-Ertl, W.; Gerger, A.; Riedl, J.; Leithner, A. The width of
resection margins influences local recurrence in soft tissue sarcoma patients. Eur. J. Surg. Oncol. 2016, 42, 899–906. [CrossRef]

41. Bilgeri, A.; Klein, A.; Lindner, L.H.; Nachbichler, S.; Knösel, T.; Birkenmaier, C.; Jansson, V.; Baur-Melnyk, A.; Dürr, H.R. The
Effect of Resection Margin on Local Recurrence and Survival in High Grade Soft Tissue Sarcoma of the Extremities: How Far Is
Far Enough? Cancers 2020, 12, 2560. [CrossRef]

42. Iwata, S.; Araki, A.; Funatsu, H.; Yonemoto, T.; Kamoda, H.; Itami, M.; Ishii, T. Optimal surgical margin for infiltrative soft tissue
sarcomas: Assessing the efficacy of excising beyond the infiltration. J. Surg. Oncol. 2018, 118, 525–531. [CrossRef]

43. Kamat, N.V.; Million, L.; Yao, D.H.; Donaldson, S.S.; Mohler, D.G.; van de Rijn, M.; Avedian, R.S.; Kapp, D.S.; Ganjoo, K.N.
The Outcome of Patients With Localized Undifferentiated Pleomorphic Sarcoma of the Lower Extremity Treated at Stanford
University. Am. J. Clin. Oncol. 2019, 42, 166–171. [CrossRef]

44. Alektiar, K.M.; Leung, D.; Zelefsky, M.J.; Healey, J.H.; Brennan, M.F. Adjuvant brachytherapy for primary high-grade soft tissue
sarcoma of the extremity. Ann. Surg. Oncol. 2002, 9, 48–56. [CrossRef]

45. Biau, D.J.; Weiss, K.R.; Bhumbra, R.S.; Davidson, D.; Brown, C.; Griffin, A.; Wunder, J.S.; Ferguson, P.C. Monitoring the adequacy
of surgical margins after resection of bone and soft-tissue sarcoma. Ann. Surg. Oncol. 2013, 20, 1858–1864. [CrossRef] [PubMed]

46. Novais, E.N.; Demiralp, B.; Alderete, J.; Larson, M.C.; Rose, P.S.; Sim, F.H. Do surgical margin and local recurrence influence
survival in soft tissue sarcomas? Clin. Orthop. Relat. Res. 2010, 468, 3003–3011. [CrossRef] [PubMed]

47. Alektiar, K.M.; Leung, D.; Zelefsky, M.J.; Brennan, M.F. Adjuvant radiation for stage II-B soft tissue sarcoma of the extremity. J.
Clin. Oncol. 2002, 20, 1643–1650. [CrossRef] [PubMed]

http://doi.org/10.1002/jso.26181
http://www.ncbi.nlm.nih.gov/pubmed/32815149
http://doi.org/10.1186/s13244-020-00887-2
http://doi.org/10.1007/s00330-019-06581-2
http://www.ncbi.nlm.nih.gov/pubmed/31965255
http://doi.org/10.1117/1.JMI.4.4.041303
http://www.ncbi.nlm.nih.gov/pubmed/28840174
http://doi.org/10.1007/s00330-019-06562-5
http://www.ncbi.nlm.nih.gov/pubmed/31953663
http://doi.org/10.1016/j.ejrad.2020.109283
http://www.ncbi.nlm.nih.gov/pubmed/32980727
http://doi.org/10.1038/s41379-019-0278-9
http://doi.org/10.1093/ajcp/111.3.349
http://www.ncbi.nlm.nih.gov/pubmed/10078110
http://doi.org/10.1177/107327480801500102
http://www.ncbi.nlm.nih.gov/pubmed/18094656
http://www.ncbi.nlm.nih.gov/pubmed/15008283
http://www.ncbi.nlm.nih.gov/pubmed/2263598
http://doi.org/10.1007/s10147-020-01762-2
http://doi.org/10.1371/journal.pone.0147006
http://doi.org/10.1007/s11999-012-2616-9
http://www.ncbi.nlm.nih.gov/pubmed/23008027
http://doi.org/10.1002/jso.26190
http://doi.org/10.1097/PAS.0000000000001246
http://www.ncbi.nlm.nih.gov/pubmed/30932925
http://doi.org/10.1200/JCO.2017.74.6941
http://www.ncbi.nlm.nih.gov/pubmed/29346043
http://doi.org/10.1016/j.ejso.2016.03.026
http://doi.org/10.3390/cancers12092560
http://doi.org/10.1002/jso.25165
http://doi.org/10.1097/COC.0000000000000496
http://doi.org/10.1245/aso.2002.9.1.48
http://doi.org/10.1245/s10434-012-2863-8
http://www.ncbi.nlm.nih.gov/pubmed/23370669
http://doi.org/10.1007/s11999-010-1471-9
http://www.ncbi.nlm.nih.gov/pubmed/20645035
http://doi.org/10.1200/JCO.2002.20.6.1643
http://www.ncbi.nlm.nih.gov/pubmed/11896115


Cancers 2021, 13, 1687 15 of 16

48. Sambri, A.; Spinnato, P.; Bazzocchi, A.; Tuzzato, G.M.; Donati, D.; Bianchi, G. Does pre-operative MRI predict the risk of local
recurrence in primary myxofibrosarcoma of the extremities? Asia Pac. J. Clin. Oncol. 2019, 15, e181–e186. [CrossRef] [PubMed]

49. Imanishi, J.; Slavin, J.; Pianta, M.; Jackett, L.; Ngan, S.Y.; Tanaka, T.; Charoenlap, C.; DI Bella, C.; Choong, P.F. Tail of Superficial
Myxofibrosarcoma and Undifferentiated Pleomorphic Sarcoma After Preoperative Radiotherapy. Anticancer Res. 2016, 36,
2339–2344. [PubMed]

50. Gronchi, A.; Verderio, P.; De Paoli, A.; Ferraro, A.; Tendero, O.; Majò, J.; Martin, J.; Comandone, A.; Grignani, G.; Pizzamiglio, S.;
et al. Quality of surgery and neoadjuvant combined therapy in the ISG-GEIS trial on soft tissue sarcomas of limbs and trunk wall.
Ann. Oncol. 2013, 24, 817–823. [CrossRef]

51. Kawaguchi, N.; Ahmed, A.R.; Matsumoto, S.; Manabe, J.; Matsushita, Y. The concept of curative margin in surgery for bone and
soft tissue sarcoma. Clin. Orthop. Relat. Res. 2004, 165–172. [CrossRef] [PubMed]

52. Ahmad, R.; Jacobson, A.; Hornicek, F.; Haynes, A.B.; Choy, E.; Cote, G.; Nielsen, G.P.; Chen, Y.L.; DeLaney, T.F.; Mullen, J.T.
The Width of the Surgical Margin Does Not Influence Outcomes in Extremity and Truncal Soft Tissue Sarcoma Treated With
Radiotherapy. Oncologist 2016, 21, 1269–1276. [CrossRef]

53. Sampo, M.; Tarkkanen, M.; Huuhtanen, R.; Tukiainen, E.; Böhling, T.; Blomqvist, C. Impact of the smallest surgical margin on
local control in soft tissue sarcoma. Br. J. Surg. 2008, 95, 237–243. [CrossRef]

54. Kim, Y.B.; Shin, K.H.; Seong, J.; Roh, J.K.; Kim, G.E.; Hahn, S.B.; Suh, C.O. Clinical significance of margin status in postoperative
radiotherapy for extremity and truncal soft-tissue sarcoma. Int. J. Radiat. Oncol. Biol. Phys. 2008, 70, 139–144. [CrossRef] [PubMed]

55. Vodanovich, D.A.; Spelman, T.; May, D.; Slavin, J.; Choong, P.F.M. Predicting the prognosis of undifferentiated pleomorphic soft
tissue sarcoma: A 20-year experience of 266 cases. ANZ J. Surg. 2019, 89, 1045–1050. [CrossRef] [PubMed]

56. Chen, Y.; Hao, J.; Yang, Y.; Yang, J.; Hao, X. Tumor rupture predicts early metastasis and poor prognosis in stage III soft tissue
sarcomas. World J. Surg. 2011, 35, 1002–1009. [CrossRef] [PubMed]

57. Sawamura, C.; Matsumoto, S.; Shimoji, T.; Tanizawa, T.; Ae, K. What are risk factors for local recurrence of deep high-grade
soft-tissue sarcomas? Clin. Orthop. Relat. Res. 2012, 470, 700–705. [CrossRef] [PubMed]

58. Lintz, F.; Moreau, A.; Odri, G.A.; Waast, D.; Maillard, O.; Gouin, F. Critical study of resection margins in adult soft-tissue sarcoma
surgery. Orthop. Traumatol. Surg. Res. 2012, 98, S9–S18. [CrossRef] [PubMed]

59. Harati, K.; Goertz, O.; Pieper, A.; Daigeler, A.; Joneidi-Jafari, H.; Niggemann, H.; Stricker, I.; Lehnhardt, M. Soft Tissue Sarcomas
of the Extremities: Surgical Margins Can Be Close as Long as the Resected Tumor Has No Ink on It. Oncologist 2017, 22, 1400–1410.
[CrossRef]

60. King, D.M.; Hackbarth, D.A.; Kirkpatrick, A. Extremity soft tissue sarcoma resections: How wide do you need to be? Clin. Orthop.
Relat. Res. 2012, 470, 692–699. [CrossRef] [PubMed]

61. Dickinson, I.C.; Whitwell, D.J.; Battistuta, D.; Thompson, B.; Strobel, N.; Duggal, A.; Steadman, P. Surgical margin and its
influence on survival in soft tissue sarcoma. ANZ J. Surg. 2006, 76, 104–109. [CrossRef] [PubMed]

62. Willeumier, J.; Fiocco, M.; Nout, R.; Dijkstra, S.; Aston, W.; Pollock, R.; Hartgrink, H.; Bovée, J.; van de Sande, M. High-grade soft
tissue sarcomas of the extremities: Surgical margins influence only local recurrence not overall survival. Int. Orthop. 2015, 39,
935–941. [CrossRef] [PubMed]

63. McKee, M.D.; Liu, D.F.; Brooks, J.J.; Gibbs, J.F.; Driscoll, D.L.; Kraybill, W.G. The prognostic significance of margin width for
extremity and trunk sarcoma. J. Surg. Oncol. 2004, 85, 68–76. [CrossRef]

64. Liu, C.Y.; Yen, C.C.; Chen, W.M.; Chen, T.H.; Chen, P.C.; Wu, H.T.; Shiau, C.Y.; Wu, Y.C.; Liu, C.L.; Tzeng, C.H. Soft tissue sarcoma
of extremities: The prognostic significance of adequate surgical margins in primary operation and reoperation after recurrence.
Ann. Surg. Oncol. 2010, 17, 2102–2111. [CrossRef]

65. Cates, J.M.M. Modeling Continuous Prognostic Factors in Survival Analysis: Implications for Tumor Staging and Assessing
Chemotherapy Effect in Osteosarcoma. Am. J. Surg. Pathol. 2018, 42, 485–491. [CrossRef] [PubMed]

66. Sadoski, C.; Suit, H.D.; Rosenberg, A.; Mankin, H.; Efird, J. Preoperative radiation, surgical margins, and local control of extremity
sarcomas of soft tissues. J. Surg. Oncol. 1993, 52, 223–230. [CrossRef] [PubMed]

67. Sanfilippo, R.; Miceli, R.; Grosso, F.; Fiore, M.; Puma, E.; Pennacchioli, E.; Barisella, M.; Sangalli, C.; Mariani, L.; Casali, P.G.; et al.
Myxofibrosarcoma: Prognostic factors and survival in a series of patients treated at a single institution. Ann. Surg. Oncol. 2011,
18, 720–725. [CrossRef]

68. Harati, K.; Daigeler, A.; Goertz, O.; Böhm, J.; Lange, K.; Stricker, I.; Kolbenschlag, J.; Lehnhardt, M. Primary and Secondary Soft
Tissue Angiosarcomas: Prognostic Significance of Surgical Margins in 43 Patients. Anticancer Res. 2016, 36, 4321–4328. [PubMed]

69. Dineen, S.P.; Roland, C.L.; Feig, R.; May, C.; Zhou, S.; Demicco, E.; Sannaa, G.A.; Ingram, D.; Wang, W.L.; Ravi, V.; et al.
Radiation-Associated Undifferentiated Pleomorphic Sarcoma is Associated with Worse Clinical Outcomes than Sporadic Lesions.
Ann. Surg. Oncol. 2015, 22, 3913–3920. [CrossRef]

70. Le Doussal, V.; Coindre, J.M.; Leroux, A.; Hacene, K.; Terrier, P.; Bui, N.B.; Bonichon, F.; Collin, F.; Mandard, A.M.; Contesso, G.
Prognostic factors for patients with localized primary malignant fibrous histiocytoma: A multicenter study of 216 patients with
multivariate analysis. Cancer 1996, 77, 1823–1830. [CrossRef]

71. Dadrass, F.; Gusho, C.; Yang, F.; Culvern, C.; Bloom, J.; Fillingham, Y.; Colman, M.; Gitelis, S.; Blank, A. A clinicopathologic
examination of myxofibrosarcoma. Do surgical margins significantly affect local recurrence rates in this infiltrative sarcoma
subtype? J. Surg. Oncol. 2020. [CrossRef]

http://doi.org/10.1111/ajco.13161
http://www.ncbi.nlm.nih.gov/pubmed/31111597
http://www.ncbi.nlm.nih.gov/pubmed/27127141
http://doi.org/10.1093/annonc/mds501
http://doi.org/10.1097/00003086-200402000-00027
http://www.ncbi.nlm.nih.gov/pubmed/15021149
http://doi.org/10.1634/theoncologist.2015-0534
http://doi.org/10.1002/bjs.5906
http://doi.org/10.1016/j.ijrobp.2007.05.067
http://www.ncbi.nlm.nih.gov/pubmed/17919843
http://doi.org/10.1111/ans.15348
http://www.ncbi.nlm.nih.gov/pubmed/31364245
http://doi.org/10.1007/s00268-011-0995-9
http://www.ncbi.nlm.nih.gov/pubmed/21331475
http://doi.org/10.1007/s11999-011-2017-5
http://www.ncbi.nlm.nih.gov/pubmed/21826540
http://doi.org/10.1016/j.otsr.2012.04.006
http://www.ncbi.nlm.nih.gov/pubmed/22595258
http://doi.org/10.1634/theoncologist.2016-0498
http://doi.org/10.1007/s11999-011-2167-5
http://www.ncbi.nlm.nih.gov/pubmed/22090354
http://doi.org/10.1111/j.1445-2197.2006.03615.x
http://www.ncbi.nlm.nih.gov/pubmed/16626341
http://doi.org/10.1007/s00264-015-2694-x
http://www.ncbi.nlm.nih.gov/pubmed/25743028
http://doi.org/10.1002/jso.20009
http://doi.org/10.1245/s10434-010-0997-0
http://doi.org/10.1097/PAS.0000000000000995
http://www.ncbi.nlm.nih.gov/pubmed/29200101
http://doi.org/10.1002/jso.2930520405
http://www.ncbi.nlm.nih.gov/pubmed/8468983
http://doi.org/10.1245/s10434-010-1341-4
http://www.ncbi.nlm.nih.gov/pubmed/27466551
http://doi.org/10.1245/s10434-015-4453-z
http://doi.org/10.1002/(SICI)1097-0142(19960501)77:9&lt;1823::AID-CNCR10&gt;3.0.CO;2-1
http://doi.org/10.1002/jso.26277


Cancers 2021, 13, 1687 16 of 16

72. Fujiwara, T.; Stevenson, J.; Parry, M.; Tsuda, Y.; Tsoi, K.; Jeys, L. What is an adequate margin for infiltrative soft-tissue sarcomas?
Eur. J. Surg. Oncol. 2020, 46, 277–281. [CrossRef] [PubMed]

73. Goertz, O.; Pieper, A.; Lohe, L.V.; Stricker, I.; Dadras, M.; Behr, B.; Lehnhardt, M.; Harati, K. The Impact of Surgical Margins
and Adjuvant Radiotherapy in Patients with Undifferentiated Pleomorphic Sarcomas of the Extremities: A Single-Institutional
Analysis of 192 Patients. Cancers 2020, 12, 362. [CrossRef] [PubMed]

74. Fujiwara, T.; Kaneuchi, Y.; Tsuda, Y.; Stevenson, J.; Parry, M.; Jeys, L. Low-grade soft-tissue sarcomas: What is an adequate margin
for local disease control? Surg. Oncol. 2020, 35, 303–308. [CrossRef] [PubMed]

75. Stojadinovic, A.; Leung, D.H.; Hoos, A.; Jaques, D.P.; Lewis, J.J.; Brennan, M.F. Analysis of the prognostic significance of
microscopic margins in 2,084 localized primary adult soft tissue sarcomas. Ann. Surg. 2002, 235, 424–434. [CrossRef]

76. Tang, Y.W.; Lai, C.S. The significance of close but negative excision margin for treatment of soft-tissue sarcoma. Ann. Plast. Surg.
2012, 69, 633–636. [CrossRef] [PubMed]

77. Gannon, N.P.; King, D.M.; Ethun, C.G.; Charlson, J.; Tran, T.B.; Poultsides, G.; Grignol, V.; Howard, J.H.; Tseng, J.; Roggin,
K.K.; et al. The role of radiation therapy and margin width in localized soft-tissue sarcoma: Analysis from the US Sarcoma
Collaborative. J. Surg. Oncol. 2019, 120, 325–331. [CrossRef] [PubMed]

http://doi.org/10.1016/j.ejso.2019.10.005
http://www.ncbi.nlm.nih.gov/pubmed/31627932
http://doi.org/10.3390/cancers12020362
http://www.ncbi.nlm.nih.gov/pubmed/32033261
http://doi.org/10.1016/j.suronc.2020.08.022
http://www.ncbi.nlm.nih.gov/pubmed/32961431
http://doi.org/10.1097/00000658-200203000-00015
http://doi.org/10.1097/SAP.0b013e3182756afe
http://www.ncbi.nlm.nih.gov/pubmed/23154334
http://doi.org/10.1002/jso.25522
http://www.ncbi.nlm.nih.gov/pubmed/31172531

	Introduction 
	Margins and Imaging 
	Margins Assessment 
	Comparison between Classifications 
	Margins Width 
	Margins in Specific STS Histotypes 
	Conclusions 
	References

