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Major classifications of surgical margin

Evaluation of surgical margin is important for the purposes 
of assessing the adequacy of the resection and informing 
clinicians with regard to the need for postoperative adjuvant 
therapy. A problem in the field of sarcoma treatment is 
that there are several classification systems for determining 
surgical margins, which means that the definition of 
positive or negative margin can vary between clinicians and 
centers. The classifications include notably the Enneking 
classification, the R classification, the Union International 
Contre le Cancer (UICC) classification (R+1 mm 
classification), dichotomous classification, and measurement 
of distance. These are currently the most popular 
classifications for surgical margin of soft tissue sarcoma (1).

Enneking classification

Enneking et al. proposed a system for the surgical staging 
of musculoskeletal sarcoma in 1980 (2). In his classification 
scheme, the four types of surgical margins were termed 
intralesional, marginal, wide, and radical (compartmental). The 
basis of the classification was the relationship of the margin 
to the tumor and its pseudocapsule. An intralesional margin 
would be obtained when the dissection passes within the lesion, 
which means the tumor’s pseudocapsule has been opened and 
violated during surgery. Either macroscopic or microscopic 
tumor tissue is usually left at the margins, and there may be 
contamination of the exposed tissue planes. Most commonly, 
intralesional procedures are performed as a diagnostic 
incisional biopsy or by subtotal “debulking” resection of 
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the tumor. A marginal margin results from a procedure in 
which the tumor is removed through the pseudocapsule or 
“reactive zone” around the tumor. When a marginal resection 
is performed for soft tissue sarcoma, there is a possibility of 
microscopic residual tumor. Marginal procedures are typically 
performed as an excisional biopsy, often by enucleation of the 
tumor. Sometimes resection with marginal margins are done 
when the tumor is located close to critical structures, including 
nerves, vessels, and organs. A wide margin is accomplished by a 
procedure in which the lesion is resected with the surrounding 
normal tissue. The plane of dissection is entirely through 
normal tissue but within the involved compartment. No effort 
is made to remove the entire length of involved muscle from 
origin to insertion. A wide resection is the standard procedure 
for extremity soft tissue sarcomas. A radical margin in achieved 
by a procedure in which the tumor is resected with wide 
margins plus the entire muscles and tissues in the anatomic 
compartment.

Enneking’s classification is largely based upon the 
macroscopic findings during surgery. In evaluating the 
margins, the closest margin between the tumor and the 
resection surface should be assessed. That is, if the tumor is 
resected mostly with wide margins, but cut in the reactive 
area around the tumor even in a small part, the margin of 
this resection is judged marginal. Trovik et al. modified the 
Enneking’s criteria to report adequate (radical or wide) or 
inadequate (marginal or intralesional) margins (3). 

The Enneking classification system has been a popular 
method of evaluating surgical margin for soft tissue sarcoma 
because of its conceptual appeal and practical utility in 
surgical planning (1). However, reproducibility may be an 
issue. Trovik et al. reported that disagreement of margin 
assessment, especially between wide and marginal margins, 
occurred in 23 of the 117 randomly selected cases (19.7%) (4).

R classification (the residual tumor classification)

The R classification was adopted into the 3rd edition of the 
AJCC Manual for Staging of Cancer (5). The R classification 
is based on both the macroscopic and microscopic assessment 
of the resection margins at the surgery. The margin is 
categorized either as grossly positive (R2), microscopically 
positive (R1), or microscopically negative (R0), which means 
that no tumor cells are seen at the inked resection surface 
with a microscope. The definition of each margin, R2, 
R1, and R0, is clear and easily understandable, so that the 
proportion of papers reporting surgical margins by the R 
classification has been increasing over time (1).

UICC classification (R+1 mm classification)

In recent years, the R classification has evolved into the 
“R+1 mm” classification by the International Union 
Against Cancer (UICC), in which the margin is categorized 
as grossly positive (R2); for specimens to be considered 
microscopically negative, there had to be at least 1 mm of 
normal tissue between the tumor and the inked resection 
margin (R0), whereas specimens with tumor within 1 
mm of the inked border were judged as microscopically 
positive (R1) (6). This means that the requirement for 
R0 margin in the UICC (R+1 mm) classification is more 
stringent than that of the R classification. Currently, it is 
controversial which classification is the better predictor of 
local recurrence in soft tissue sarcoma (7,8).

Dichotomous classification (positive or negative)

Some papers adopt the dichotomous classification, which 
reports only positive or negative margins (9). In most papers, 
positive margin means microscopically positive; however, 
it is not necessarily clear how many macroscopically 
positive cases are included in the positive margin group. 
There is a big difference between macroscopically and 
microscopically positive margins, so it is not recommended 
that this classification be used in scientific papers. For 
purposes of unambiguous communication, it is important 
to state whether positive margins mean macroscopically or 
microscopically positive.

Measurement of the distance

Some papers describe the measurement of the distance from 
the surface of the surgical resection to the edge of the tumor 
(10,11). A potential problem of this method is that the 
distance between the resection surface and the tumor may 
vary under the influence of muscle shortening by formalin. 
A change in shape by inappropriate methods of fixation 
also causes a significant error in the assessment of distance. 
In data analysis, distance is a continuous variable, and its 
conversion to a categorical variable can become problematic 
since the cut-off values are different among the papers. This 
makes it difficult to compare the results across studies.

Surgical margins and local recurrence

It is widely accepted that surgical margin is related to the 
risk of local recurrence (Table 1) (3,7,8,10-16). In one study 
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using Enneking’s classification, the 5-year local recurrence 
rate was reported to be 11%, 5%, and 21% with radical 
(compartmental), wide, and marginal resection of the soft 
tissue sarcoma of the thigh, respectively (12). There was a 
statistically significant difference in local recurrence rate 
between wide and marginal margins in that report (12). 
Additionally, in the multivariate analysis, surgical margin 
was found to be an independent prognostic factor for 
local recurrence (12). On the other hand, local recurrence 
rate of radical margin (excision of the entire anatomic 
compartment) was 11%, which was higher than the 5% 
local recurrence rate of wide margin. Although the result 
seems counter-intuitive, it is likely that there was some 
form of selection bias in the study. Cases that were selected 
for radical resection were likely to have been larger and 
possibly affected by regional metastases or skip lesions.

With the R classification, the 5-year local recurrence 
rates were 6%, 17%, and 38% with R0, R1, and R2 margin, 
respectively, in one study (8). In another paper, the 5-year 
local recurrence rate was reported 9.5% and 36.7% with R0 
and R1 margins, respectively (7). These papers concluded 
that the risk of local recurrence could be estimated using 
the R classification.

It is not clear yet whether the UICC (R+1 mm) 
classification is superior to the original R classification in 
predicting local recurrence. In comparing the classification 
schemes, there are two important factors to keep in mind, 
namely the absolute value of the local recurrence rate and 
the difference in local recurrence rate between R0 and R1 
resections. If surgery alone with R0 margins results in a 
low absolute value of the local recurrence rate, then no 
radiotherapy or other adjuvant therapy may be required. 
If surgery with R1 margins results in a substantially higher 
risk of local recurrence than R0 resection, then some sort of 
adjuvant therapy should be considered.

Gundle et al. retrospectively investigated 2,217 patients 
with non-metastatic extremity and axial soft tissue sarcoma 
treated with surgery and multidisciplinary modalities 
and reported that the 5-year local recurrence rate was 
6%, 10%, and 38% in patients treated by surgery with 
R0, R1, and R2 margins, respectively, using the UICC 
classification (8). When their cohort was re-analyzed using 
the R classification, the local recurrence rates for R0, R1, 
and R2 resections were 6%, 17%, and 38%, respectively. 
Local recurrence rate of R1 resection was higher in the R 
classification, whereas those of R0 resection was almost the 
same among the two classifications. The authors concluded 
that the R classification is more useful in the clinical setting 

because the UICC classification reduced the difference 
in local recurrence rate between R0 and R1, compared to 
the R classification. The results suggested that a negative 
margin with less than 1 mm width of the normal tissue 
might be adequate with multimodal treatment.

In contrast, Kainhofer et al. retrospectively studied 411 
patients with soft tissue sarcoma, of which 265 patients were 
eligible for statistical analysis, and reported that the 10-year 
local recurrence rate was 16.5%, 12.0%, 36.7%, and 57.9% 
with R0 (R classification), R0 (UICC classification), R1 (R 
classification), and R1 (UICC classification), respectively (7).  
Local recurrence rate of R0 resection using the UICC 
classification was lower than that of the R classification, 
whereas that of R1 resection was higher with UICC 
classification. They concluded that surgeons should plan 
a surgery to obtain R0 margin according to the UICC 
classification (minimal resection margin >1 mm) because 
the local recurrence rate was lower after R0 resection of 
the UICC classification compared to R0 resection of the R 
classification.

In general, the local recurrence rate of R0 resections is 
lower than that of R1 resections with both the R and UICC 
classifications. In a similar way, with measurement of the 
distance to assess margins, the local recurrence rate showed 
a tendency to be higher with closer distance between the 
surgical resection surface and the tumor (10,11). However, 
it is not clear how exactly this might inform clinical 
decisions, such as the implementation of radiation boosts or 
re-resection of tumor beds.

Surgical margins and overall survival

It has been accepted that both macroscopic and microscopic 
positive surgical margins decrease local recurrence-free 
survival in soft tissue sarcomas of the extremities (10,11,13). 
However, the influence of the surgical margin on overall 
or disease-specific survival is less clear. In Enneking’s 
classification, there were no significant differences in overall 
survival rate between radical (compartmental) and marginal 
margins. The 5-year overall survival rate was 59% vs. 60% 
for radical and marginal resections, respectively (12).

With regard to microscopic margins and survival, 
different results have been reported by various authors. 
Heslin et al. studied 168 patients with high-risk extremity 
soft tissue sarcoma and found that a positive microscopic 
margin was statistically associated with distant metastasis 
and tumor mortality (17). Similarly, Stojadinovic et al. 
investigated 2,084 adult patients with localized primary 
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soft tissue sarcoma and showed that positive microscopic 
margins decrease distant recurrence-free survival rate and 
disease-specific survival (18). In contrast to these reports, 
Tanabe et al. found that in a group of 95 patients with 
extremity soft tissue sarcoma, negative surgical margins 
enhanced local disease control but did not improve overall 
survival (5-year overall survival rate; 65% vs. 70% for 
negative and positive margins, respectively) (19). Likewise, 
Bonvalot et al. studied 531 patients with primary extremity 
soft tissue sarcoma and reported that the margin status had 
no correlation to overall survival (20). 

It is difficult to draw a strong conclusion based upon 
the current literature, and it is likely that more work will 
be needed in this area. If the effect is small, the number 
of patients in future studies will need to be large to have 
adequate power. Furthermore, consistency in the reporting 
of margins may need to be evaluated more critically. 

Soft tissue sarcomas of special considerations

Invasive soft tissue sarcoma

Certain soft tissue sarcomas exhibit a highly infiltrative 
and invasive growth pattern, which may be manifested 
by the tail sign on MRI (21). An example of invasive soft 
tissue sarcoma would be myxofibrosarcoma, which tends to 
spread on the superficial fascial plane (22). The risk of local 
recurrence of myxofibrosarcoma is quite high and has been 
estimated to be approximately 20–30% (22-24). Haglund 
et al. found that local recurrences occurred in 11 of the 36 
patients (31%) (23). In this cohort, local recurrences were 
observed in 7 of the 27 patients (26%) with negative margins 
and 4 of the 9 patients (44%) with positive margins (23). It 
was interesting to note that among patients with negative 
microscopic margins, 6 of the 15 patients (40%) with 
margins less than 1 cm developed local recurrences, whereas 
none of the 6 patients with 1 cm or greater margin had 
local recurrences. In another study on myxofibrosarcoma, 
Kikuta et al. described a group of patients for whom the 
surgical plan was to remove a margin of >3 cm (22). Despite 
the intent to remove a generous margin in every patient, a 
histologically positive margin after surgery was evident in 
28% of the cases. Local recurrence occurred in 21 of the 
100 patients (21%), and the estimated 5-year recurrence-
free survival rate was 74.8% (22).

Iwata et al. investigated the impact of infiltrative 
growth on the outcome of patients with undifferentiated 
pleomorphic sarcoma and myxofibrosarcoma (25). Their 

protocol for planning the extent of resection for invasive 
soft tissue sarcoma was to excise 2–3 cm from the edge 
of the tumor extension on imaging studies. Nevertheless, 
in spite of trying to remove a wide margin, the surgical 
margin was microscopically positive in 43 of the 89 patients 
(48%) and the 5-year local failure-free survival rate was 
81%. These results collectively underscore the difficulty of 
achieving wide margins for infiltrative histologies. In order 
to obtain microscopically negative surgical margins, more 
than 3 cm margin on MRI images is potentially required 
in the planning of the operation in cases of infiltrative soft 
tissue sarcomas (Figure 1). The ideal margin of the excision 
for such tumors is unclear and remains to be established. 
The use of intra-operative frozen sections, particularly of 
the fascial margins, may be helpful as an additional guide 
during surgery for the extent of tissue removal. 

Atypical lipomatous tumor

Atypical lipomatous tumor in the extremities is one of the 
less aggressive members of the adipocytic family of tumors. It 
has been called “well-differentiated liposarcoma” previously, 
but this appellation does not seem appropriate in the 
extremities since it does not have the same poor prognosis 
as similar tumors arising in the retroperitoneum. When it 
arises in the extremities, it shows no potential for metastasis 
unless it undergoes dedifferentiation. This observation led 
to the introduction of the term “atypical lipomatous tumor” 
for lesions arising at surgically amenable locations in the 
limbs and on the trunk (26). Atypical lipomatous tumor 
infrequently recurs after excision with a macroscopically clear 
margin, so that resection should strive to minimize surgical 
morbidity. En bloc complete resection is generally sufficient to 
obtain long-term local control, even if the tumor approaches 
the inked margins microscopically (27). In cases with multiple 
recurrences, radiation may be helpful in achieving control of 
the disease (28).

Periosteal margins

Soft tissue sarcomas sometimes occur near bones and 
may rest against the periosteal surface. In such cases, the 
presence of bone invasion should be assessed carefully 
on MRI and/or CT scan. Extension into bone has been 
reported to be a poor prognostic sign (29). Resection of 
the tumor with the adjacent bone should be considered if 
clear invasion into bone is demonstrated. According to one 
article with 50 cases of periosteal soft tissue sarcoma, true 
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Figure 1 A case of myxofibrosarcoma of the right thigh is shown. Coronal T2-weighted fat-suppressed MRI shows a multinodular mass with 
high signal intensity in the right sartorius muscle with longitudinal extension of the high-intensity area (A). In surgery, the sartorius muscle 
is excised along the planned resection planes 7 cm apart from the tumor to completely remove the high-intensity area on MRI (B). The skin 
surrounding the biopsy scar as well as a part of the tensor fasciae latae and rectus femoris muscles are also excised. The cut surface shows a 
multinodular myxoid tumor with streaks spreading into the proximal and distal directions (C). Histopathological examination revealed the 
surgical margins to be negative microscopically.

invasion into the bone was confirmed by histopathologic 
examination in only 3 of the 50 cases (6%) (30). In that 
study, local recurrence in the soft tissues developed in 8 of 
the 50 patients (16%), however, there was no statistically 
significant difference in local recurrence rate between 
patients who had soft-tissue resection only and patients 
who had the adjacent bone resection at the same time. The 
authors concluded that relatively few soft tissue sarcomas 
can penetrate cortical bone and recommended composite 
bone and soft-tissue resections only for the tumor with 
frank bone invasion on images. It was the authors’ opinion 
that the periosteum represented a firm barrier that was 
relatively resistant to penetration by soft tissue sarcoma. 
Treatment by wide resection, including subperiosteal 
dissection with Bovie electrocautery and radiation treatment 
to the bone, was considered adequate for most cases. In 

cases of extensive periosteal stripping and radiation to bone, 
there may be an elevated risk of a late radiation-associated 
fracture of the bone, which can be very difficult to heal (30). 
Prophylactic intramedullary fixation might be appropriate 
in some instances, particularly older women, patients 
receiving higher doses of radiation, and patients with 
low bone mineral density; however, this is a controversial 
subject, and it has not yet been shown that prophylactic 
nailing improves outcome.

Soft tissue sarcomas of the hand

Treatment of soft tissue sarcomas of the hand is a challenge 
to surgeons because of its complicated anatomy and the 
absence of reliable barriers, such as fascia, to separate 
anatomic compartments. Sacrificing tendons, blood 
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vessels, and nerves to obtain adequate margins may result 
in significant functional loss. It is often difficult to obtain 
adequate margins in the resection of soft tissue sarcomas 
of the hand, and the rate of positive margin after surgery 
is reported to range from 11.3% to 36.4% (31-33). As 
is the case with other anatomic sites in the extremities, 
macroscopic positive margin is strongly associated with local 
recurrence of soft tissue sarcoma of the hand. The 5-year 
risk of local recurrence is 14% for wide or marginal margins 
and 80% for intralesional margin (33). Surgeons should 
avoid macroscopic positive margins; if it seems impossible 
to have macroscopic negative margins, amputation should 
be strongly considered. Of note, partial amputations of 
fingers, including ray amputations of multiple digits, can be 
compatible with good or even excellent function (34,35). 
When margins are close or microscopically positive, 
adjuvant radiotherapy can be applied to selected cases, 
although radiotherapy does not completely negate the effect 

of positive margins (36). It is noteworthy that radiotherapy 
to the hand is related to an increased risk of complications 
and poor outcome (37-39). Radiotherapy to the hand may 
cause early complications such as wound dehiscence and 
wound necrosis, and late complications including ankylosis, 
joint contracture, adduction contracture, and osteitis (37). 
However, it is also important to note that radiotherapy is 
not contra-indicated in the hand, and when administered 
carefully, can still be associated with excellent long-term 
function (Figure 2). At certain centers, including MD 
Anderson Cancer Center, the preference for treating 
sarcomas of the hand that may have close margins is to 
deliver 50 Gy preoperative radiation. In most instances, the 
lower preoperative dose is well-tolerated and does not result 
in debilitating fibrosis.

In summary, whenever possible, aggressive surgery 
aiming at negative margins without radiotherapy, should be 
considered the preferred treatment strategy, and the surgeon 

Figure 2 The range of motion of the wrist and hand is shown 1 year after 60 Gy post-operative radiation to the wrist and hand for 
epithelioid sarcoma in a 29-year-old woman. There is some limitation of wrist dorsiflexion and palmar flexion, but she has unrestricted 
movement of the fingers and excellent grip strength.
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should not refrain from performing ray amputations, 
especially of non-thumb digits. In cases where the 
margins will be close even with partial hand amputations, 
preoperative radiation with 50 Gy is compatible with good 
hand function, and some authors have concluded that 
surgery with adjuvant radiotherapy is acceptable treatment 
for patients with soft tissue sarcoma of the hand (40).

Soft tissue sarcomas of the foot

Soft  t issue tumors of  the foot are comparatively 
common; however, malignant ones are rare. The surgical 
considerations in the foot are somewhat similar to the 
hand in terms of the close proximity to critical structures 
such as nerves, vessels, and tendons as well as the paucity 
of expendable muscle and other connective tissue. One 
major difference is that the functional loss of movement in 
the digits and sensation does not carry the same functional 
significance as the hand. Consequently, soft tissue resections 
can be more aggressive in the foot than in the hand. Patients 
with excellent perfusion and collateral blood flow can do 
well after extensive resections, even if the plantar arteries 
and nerves are sacrificed with the tumor. In the modern 
era, limb-salvage surgery with or without radiotherapy is 
considered acceptable, mainstream treatment in the surgical 
management of soft tissue sarcomas of the foot, associated 
with an excellent local control and good functional outcome 
(40,41). Cribb et al. retrospectively investigated the 
oncologic and functional outcome of 27 patients who had 
limb-sparing surgery for a soft tissue sarcoma of the foot 
or ankle and reported that all surviving patients were able 
to wear normal shoes and none required a walking aid (42). 
Because of the rarity of soft tissue sarcomas of the foot, 
these tumors are likely to be removed by inexperienced 
surgeons and unplanned surgery. Nishimura et al. raised 
awareness over unplanned surgery for sarcomas of the foot, 
which led to a high rate of local recurrence and a relatively 
worse prognosis (43). Since the function after below-knee 
amputation is excellent with modern prosthetics, surgeons 
should not hesitate to perform this operation if the margins 
are likely to be unacceptable with a limb-sparing operation.

Lymph node metastasis and sentinel node biopsy

Lymph node metastases in patients with soft tissue sarcomas 
are uncommon; however, some histologic subtypes are 
known to have a greater tendency of metastasizing to the 
lymph nodes. These would include rhabdomyosarcoma, 

clear cell sarcoma, epithelioid sarcoma, and synovial 
sarcoma (44). Sentinel lymph node biopsy is part of the 
standard procedure for several malignancies such as breast 
cancer and melanoma, in which the absence of metastatic 
cells in the sentinel lymph nodes would render further 
nodal involvement unlikely because they are the first lymph 
nodes to receive lymphatic drainage from the tumor. Alcorn 
et al. investigated the utility of sentinel lymph node biopsy 
and its concordance with imaging studies. They found that 
positive sentinel node biopsy did not necessarily correspond 
to findings on imaging studies such as enlarged lymph nodes 
on CT scans and positivity on PET scans (45). Andreou et 
al. reported that sentinel lymph node biopsy was useful for 
patients with clear cell sarcoma, which was able to detect 
clinically occult regional lymph node metastases successfully 
(46). On the other hand, they found that sentinel lymph 
node biopsy appeared to be of little benefit for patients with 
synovial sarcoma. Whether sentinel lymph node biopsy for 
soft tissue sarcomas can help improve outcomes is still not 
fully established, and further work is needed to define which 
patients and histologic subtypes with extremity sarcomas 
would benefit from the procedure.

Soft tissue sarcomas after unplanned excision (“Whoops” 
surgery)

Unplanned excision is defined as tumor resection without 
preoperative diagnostic examinations and without the 
intention to achieve microscopically negative margins (47). 
Soft tissue sarcomas have a greater risk of being treated 
by unplanned surgery because the incidence of soft tissue 
sarcoma is too low for most clinicians to have adequate 
experience managing the disease (48). The biggest problem 
of unplanned excision is contamination by the tumor cells, 
spreading into the surgical area and the surrounding tissue. 
Macroscopic residual tumor is often present after the 
unplanned excision (49). It is therefore not surprising that 
unplanned excisions are associated with an increased risk of 
local recurrence unless followed by tumor bed excision (50). 
At re-resection surgery after the unplanned excision, the 
goal should be to remove the whole surgical bed including 
areas of skin incision, surgical drain tract, and postoperative 
hematoma (51). Transverse or oblique incisions at the 
unplanned excision may result in contamination of multiple 
or adjacent compartments, which may necessitate a much 
more extensive resection to achieve microscopically negative 
margins. In such cases, reconstruction of soft tissue with a 
flap is frequently required.
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Recommendations

Initial assessment and treatment planning

The initial assessment of patients with a soft tissue mass 
should start with a thorough documentation of the patient’s 
history, followed by physical examination, including 
inspection and palpation. In order to visualize the soft tissue 
mass and the extent of invasion around the primary site, 
contrast-enhanced MRI is the most useful imaging modality, 
especially for invasive soft tissue sarcomas. In the diagnosis of 
soft tissue tumors, biopsy is an essential test for determining 
malignancy, histological subtype, and grade. For the patients 
diagnosed with a soft tissue sarcoma, essential imaging would 
include baseline chest X-ray and CT scan. Other tests, 
including ultrasound of lymph nodes, CT of abdomen and 
pelvis, bone scan, and PET-CT scan may be appropriate for 
certain histologic subtypes and stages.

For tumors that are sensitive to chemotherapy such 
as rhabdomyosarcoma and extraskeletal Ewing sarcoma, 
preoperative chemotherapy has been the standard of care. 
Preoperative chemotherapy may also be considered for 
some high-grade non-round cell soft tissue sarcomas that 
are relatively sensitive to chemotherapy, such as myxoid 
liposarcoma, especially if they are large in size (>10 cm). 
For tumors that cannot be expected to benefit from 
chemotherapy or radiotherapy, or elderly people who have 
difficulty in tolerating chemotherapy, it may be preferable 
to focus on local treatment with surgery and radiation.

Surgical planning

The surgeon should take into consideration the histological 
diagnosis, the anatomy at the site of disease, the speed 
of tumor growth, and the general condition of the 
patient, before determining the area of resection and 
the reconstructive method. At the very outset, it is very 
important to clarify the purpose of the surgery ahead 
of surgical planning. Surgical treatment is usually done 
with cure of the patient in mind, and the objective is to 
eliminate completely the sarcoma from the extremity; 
however, sometimes surgery is also done for the purpose 
of improving quality of life and alleviating symptoms. In 
cases done with curative intent, it is a top priority to secure 
sufficiently wide margins and to achieve, at a minimum, 
microscopically negative margins (R0 resection). In cases 
performed for palliation, relief of symptoms is given greater 
priority (52). It is important to stress that even in palliative 
surgery, local control of disease remains an important goal, 

and local relapse or progression can be especially miserable 
for a terminal patient. 

In the preoperative planning of a curative surgery, 
the resection area is set in principle so as to obtain a 
microscopically negative margin based on image findings, 
particularly the contrast enhanced MRI scan. Because soft 
tissue sarcomas occur in all parts of the body, the anatomic 
conditions are vastly different for each case. In order to 
attain the targeted resection margins, it is necessary to 
decide carefully which healthy tissues in the surroundings 
should be removed. For most soft tissue sarcomas, it is 
justifiable to plan to resect a tumor with a margin of 1 to 
2 cm of muscle or fat; it may also be acceptable to resect 
less tissue if there is a durable barrier, such as a layer of 
thick fascia or periosteum. However, a margin of 3 cm or 
more is potentially required in the planning for highly 
invasive soft tissue sarcoma, such as superficial spreading 
myxofibrosarcoma. Even if the pathological diagnosis of 
the biopsy is low-grade, the temptation to reduce the extent 
of resection should be avoided as it may increase the risk 
of local recurrence. Histological grade reflects metastatic 
potential of the tumor more than local aggressiveness (53).

It is of course important to keep in mind the value of 
preserving body function. If the tumor is close to critical 
structures such as blood vessels, nerves, bones, ligaments, 
and tendons, adjuvant therapy such as preoperative or 
postoperative radiotherapy and/or chemotherapy should 
be considered. For the patients receiving preoperative 
chemotherapy and/or radiotherapy, an image examination 
should be done after completion of preoperative treatment, 
and preoperative planning should be based on the images 
obtained immediately before the surgery. If preoperative 
radiotherapy and/or chemotherapy has been effective and 
the tumor has shrunk, the extent of surgical resection might 
be reduced (54). On the other hand, if the preoperative 
treatment has been ineffective and the tumor has grown, 
it may be necessary to expand the range of resection and 
perhaps even perform amputation.

Currently, limb-sparing surgery is the mainstay of 
surgical treatment for most soft tissue sarcomas. The limb-
sparing rate has exceeded 90% in recent years. This has 
been accomplished by the development of better diagnostic 
imaging, superior techniques for limb reconstruction, 
and the application of perioperative radiotherapy and/or 
chemotherapy (55,56). Limb-sparing surgery with a wide 
margin is generally preferred because it can achieve a low rate 
of local recurrence with an acceptable level of morbidity (57).  
Amputation of limbs may be necessary when the tumor has 
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infiltrated into major blood vessels, nerves, or other critical 
structures, particularly if the tumor is of a massive size 
and the loss of muscle mass be prohibitive to meaningful 
postoperative function. In the surgical planning of a curative 
surgery, tumor resection with macroscopic positive margins 
(R2 resection) is not permissible for any reasons. After 
determining the range of resection, the reconstructive 
surgery should be tailored to address the tissue defects. 
The converse is to be discouraged strongly. The extent of 
resection must not be compromised or reduced in order to 
make the reconstructive surgery easier.

Notes on tumor resection

A critical aspect of surgery for soft tissue sarcoma is 
adherence to the planned cutting edge of resection. Since 
the surgical margin adopts the smallest margin in the 
resected specimen, cutting into the planned resection area 
is prohibited. Of particular note, subcutaneous tissue and 
muscle tissue may contract, deform, or move during surgery, 
so it is necessary to perform surgery carefully with frequent 
confirmation of the resection plane. Moreover, since the 
subcutaneous tissues are prone to detach from the fascia 
and expose the biopsy tract or even the tumor itself, it is 
sometime prudent to stitch together the fascia to the skin and 
subcutaneous fat so as not to allow these tissues to peel off.

Intraoperative frozen section diagnosis

The rationale for intraoperative pathological assessment 
includes verification of sample adequacy at the time of 
biopsy, confirmation of diagnosis prior to definite surgery, 
and assessment of surgical margins. The latter application 
is often helpful for resection of certain soft tissue 
sarcomas, particularly those which are invasive. Examples 
would include myxofibrosarcoma, dermatofibrosarcoma 
protuberans (DFSP), and desmoid tumors. These tumors 
are notorious for extending microscopically far beyond the 
visible and palpable mass. On occasion, a positive frozen 
section would alert the surgeon to resect more tissue in an 
area not obviously affected. It is also justifiable to submit 
for frozen section specimens of tissue that appear abnormal 
or suspicious for a given anatomic area. However, surgeons 
should appreciate the limitations of intraoperative frozen 
sections. They cannot supplant the definitive margin 
assessment on final pathology, and a negative frozen section 
margin does not guarantee a negative final margin. Random 
sampling of tissues in most cases is not a useful or cost-

effective practice; rather, surgeons must judiciously select 
the tissues to submit, such as fascia for superficial spreading 
sarcomas and sub-dermal tissue for DFSP. Definitive 
histologic diagnosis is generally not possible with frozen 
section, and it should not be used to discriminate between 
similar-appearing lesions, such as benign lipoma and atypical 
lipomatous tumor. Finally, assessment of surgical margin 
of invasive spindle cell sarcomas can be difficult because 
sparse proliferation of spindle tumor cells can be difficult to 
distinguish from normal fibroblasts in the fascia and other 
connective tissue. Intraoperative frozen section diagnosis is 
better able to detect a positive margin when the tumor cells 
show exuberant proliferation at the surgical margins. 

Assessment of surgical margins

Resected specimens of soft tissue sarcoma can easily change 
shape. The surrounding connective tissues, especially 
muscle fibers, frequently become shortened because of 
formalin fixation and a decrease in tension. Assessment 
of surgical margins of soft tissue sarcoma requires special 
care. Surgical margins of the resected specimen should 
be examined and documented by both the surgeon and 
the pathologist together to avoid misunderstanding (58). 
Application of ink on the surface of the surgical resection is 
recommended to evaluate the surgical margin precisely (59). 
If necessary, temporary stabilization of soft tissues with pins, 
a rubber plate, or other devices are useful to avoid change 
in shape of the resected specimens.

Adjuvant therapy when surgical margin turns out positive

The National Comprehensive Cancer Network (NCCN) 
Guidelines and ESMO-EURACAN Clinical Practice 
Guidelines state that when surgical resection margins are 
positive on final pathology (other than bone, nerve, or major 
blood vessels), surgical re-resection aiming at microscopically 
negative (R0) margin should be considered if feasible 
(58,60). If R0 resection is not feasible, it is recommended 
that radiotherapy to the surgical field be considered. In the 
randomized prospective study of adjuvant radiation therapy 
for soft tissue sarcomas of the extremities, local recurrence 
was significantly related to the absence of radiotherapy; local 
recurrence occurred in 1 of the 70 patients with radiotherapy 
(1.4%) and 17 of the 71 patients without radiotherapy  
(23.9%) (61). Notably, this study included patients with both 
positive and negative margins (61). Alektiar et al. investigated 
patients with microscopically margin-positive high-grade soft 
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tissue sarcoma and found that the 5-year local control rate was 
significantly higher in the radiotherapy group compared to the 
no radiotherapy group (74% vs. 56%, respectively) (62). Jebsen 
et al. surveyed adult patients with extremities and trunk wall 
soft tissue sarcoma treated at Scandinavian Sarcoma Group 
hospitals and showed that adjuvant radiotherapy reduced local 
recurrence in patients, irrespective of the type of margin (63). 
In their cohort, the risk of local recurrence was higher in the 
patients with intralesional and marginal margins compared to 
wide and radical margins (63). It should be noted that while 
postoperative radiotherapy improves local control, it cannot 
reduce the local recurrence rate to a level comparable to that 
of patients with negative margins when the radiotherapy is 
applied to the patients with frankly positive margins.

Summary

Curative surgery for extremity soft tissue sarcomas should 
aim for at least an R0 resection. If achieving R0 margins 
is thought to be difficult during preoperative planning, 
preoperative radiotherapy would be an option. Postoperative 
radiotherapy or re-resection aiming at microscopically 
negative margin should be considered when the resected 
margin turns out microscopically positive on histological 
examination. It is still unclear how much distance from 
the tumor to the planned resection plane on preoperative 
imaging is required to obtain R0 margin. This may vary with 
histologic subtype. For highly invasive soft tissue sarcomas 
such as myxofibrosarcoma, resection with fascial margins of 
3 cm may not reliably achieve negative R0 margins. In such 
cases, the surgeon must be prepared to resect an even greater 
area, if feasible, and/or use intra-operative frozen sections to 
help guide the extent of tissue removal. Surgical management 
with appropriate margins improves local disease control and 
potentially increases patients’ survival.
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