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ABSTRACT

Background: We hypothesized that select pa-
tients undergoing planned soft tissue sarcoma
(STS) excision with anticipated skin and soft tissue
deficits could be treated with a two stage surgical
procedure which would allow some flexibility in
coverage options while not significantly increasing
local recurrence rate or wound complication rate.

Methods: A retrospective review was undertaken
in a series of consecutive patients with a minimum
2-year follow-up treated by a single orthopedic on-
cologist and a single reconstructive plastic surgeon
who were managed with a staged approach STS
excision and reconstruction.

Results: There were 73 patients identified over
a ten-year period that underwent staged STS exci-
sion and soft tissue reconstruction. There were 12
(16%) initial positive margins resected to negative
final margins, and a variety of coverage procedures
performed. Wound complication rate was 21%.
Local recurrence rate was 11%.

Conclusion: Staged STS excision and reconstruc-
tion is an acceptable tool in the armamentarium
of the orthopedic oncologist for managing major
soft tissue deficits without an increase in local
recurrence rates.
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INTRODUCTION

Surgical excision remains the mainstay for local
management of STS. Due to the propensity for tumor
cell seeding in a wound, en bloc excision has been
recommended in order to improve local control?. Fur-
thermore, negative margins after excision have been cor-
related with a reduced likelihood of local recurrence*5,
Tumor bed re-excision is considered feasible to attain
negative surgical margins if unable to do so at the time
of the index procedure®’. Intraoperative frozen section
of tissue margins has proven to be a poor predictor of
final negative margins based on subsequent histologic
processing®, and as a result, re-excision may take place
several days following the index excision procedure.

Adjuvant radiation therapy (RT) has been shown to
diminish local recurrence rates following STS excision,
including excision with negative margins, and has be-
come the standard of care for the majority of patients
following STS excision. Local recurrence rates are
reduced from 25% to about 2% with the utilization of
postoperative RT°. However, wound complications are
common following RT, and include wound dehiscence
and infection. It is our standard of practice to perform
post-operative radiation when possible because we feel
it has a lower wound complication rate compared with
pre-operative RT. The development of a chronic draining
wound is particularly problematic following soft tissue
reconstruction with split thickness skin grafting!®. For
this reason, flap reconstruction is preferred over skin
grafting in this setting whenever possible.

Large skin and soft tissue defects are frequently cre-
ated following STS excision, especially in cases of subcu-
taneous lesions. Additionally, nearly half of all patients
with STS will undergo an initial surgical procedure prior
to referral to a sarcoma center which may compromise
outcomes>!12, Because of the need to resect skin and
subcutaneous tissues, excision of these tumors often
requires complex soft tissue coverage!®!,

Reconstructive plastic surgery techniques have
evolved for the coverage of large cutaneous defects. The
mainstay for coverage for large skin loss traditionally has
been split thickness skin grafting or free tissue transfer.
More recently, perforator flaps, including keystone V-Y
advancement and propeller flaps, have allowed coverage
of large cutaneous defects using local or regional tis-
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Figure 1. A) A wide excision of a proximal thigh superficial soft tissue sarcoma (STS) with a planned keystone fasciocutaneous flap marked
out. B) Mobilization of the keystone flap for soft tissue defect coverage one week after excision and clearance of tumor margins. Note the
large surgical field adjacent to the tumor excision. C) After final wound closure, it is difficult to determine anatomic landmarks of the original

resected specimen subsequent to the rotation of soft tissue for coverage.

sue!*. These techniques have the advantage of allowing
primary skin closure without grafting even in patients
with relatively large cutaneous loss.

If final pathologic examination of the specimen reveals
positive margins after a flap has been done, subsequent
management is complicated by several concerns. Re-
excision to negative margins may be compromised due
to distortion of the local anatomy and large area of the
tumor bed as a result of the flap dissection. In addition,
the local options for reconstruction may be expended,
dictating a more complex and extensive reconstruction
after the second excision (Figure 1).

One way to avoid these potential disadvantages is to
stage the surgeries. An initial excision is completed first,
with temporary dressing of the wound bed for several
days while permanent margins are analyzed. Final cover-
age is deferred to a subsequent day following complete
examination of the resected specimen. Focal positive
margins may then be accurately addressed by re-excising
appropriate portions of the intact host surgical bed. In
the case of extensively positive margins, wide re-excision
or other appropriate surgical procedures can be consid-
ered. Most importantly, the original tumor bed has not
been disturbed by flap reconstruction so the concern of
a wider field of tumor seeding is eliminated.

In this study, we examine our experience with staged
soft tissue reconstruction following en bloc STS excisions
with large cutaneous defects, assessing local recurrence
rate and wound complications. We hypothesized that pa-
tients treated with this regimen would not have a higher
local recurrence or wound complication rate than those
treated with a more conventional approach of definitive
coverage at the time of excision.

METHODS
During an 11-year period from June 2000 through
June 2011 at a single institution, selected patients who
had anticipated cutaneous defects following excision of
STS from the appendicular and axial skeleton were con-

sidered for staged excision and subsequent soft tissue
reconstruction. All excision procedures were performed
by a single orthopedic oncologist (JSB), and all soft tis-
sue reconstructions were performed by a single recon-
structive plastic surgeon (WMK) at a tertiary referral
center. Patients underwent an index excision with the
specimen sent for permanent processing. Titanium clips
were placed at the margin of tumor excision to direct
subsequent postoperative radiation.

The excision bed was covered provisionally with ei-
ther a skin allograft or vacuum assisted closure device.
If allograft was used, it was meshed and petroleum im-
pregnated gauze was placed over the graft and a dense
foam bolster stapled into place to reduce shear stress.
The reconstructive surgery was completed at a median
7 days (range 3-32 day) after pathologic analysis of the
specimen. Re-excision for positive margins was under-
taken prior to definitive soft tissue coverage.

Using an IRB approved protocol, patients were
identified from the institutional surgical database. A
retrospective chart review was conducted, using the
institutional records as available for follow-up. Only
patients with a minimum two years of follow-up were con-
sidered for inclusion in the study. Generalized statistical
comparisons were performed using chi-squared analysis,
and all computations were performed in Microsoft Excel.

RESULTS

A total of 425 patients with STS were identified as hav-
ing undergone excision by the senior orthopedic oncolo-
gist during the study period. Of these, 107 had planned
two-stage soft tissue reconstructions. Of these patients,
73 patients were identified with minimum 2 year follow-up.
Nine patients were lost to follow-up, 1 was incarcerated,
and 24 patients had deferred follow-up to their local physi-
cians, and as such, did not have further follow-up beyond
the perioperative period available for review.

Of the 73 patients, 50 had high grade sarcomas, 14 low
grade sarcoma, 5 dermatofibrosarcoma protuberans, and
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Table I. Demographics and Results

Table II. Final Wound Coverage

Demographics No. (%) of Patients
Male 42 (58%)
Female 31 (42%)
Average Age (Years) 52.0 (17.7-86.3)
Average BMI 30.2 (19.4-45.2)
Average follow-up (Months) 57.1 (24.5-125.9)
Tumor and Treatment Characteristics

High Grade lesion 48 (66%)
Average Defect Size (Range) 135 cm? (14-528)
Previous Positive Margin Resection 51 (70%)
Preop Chemotherapy 14 (19%)
Postop Chemotherapy 4 (5%)
Postop Radiation 53 (73%)
Wound infections 7 (9.5%)
Wound healing complications 15 (21%)
Local Recurrence 8 (11%)
Amputation 4 (5%)
Death 7 (9.5%)

4 ungraded sarcomas. Of these, 51 (70%) patients had
prior unplanned positive margin excision at outside facili-
ties and 22 had biopsy only prior to presentation at our
institution. Postoperative RT was performed in 53 (73%)
patients. There were no wound healing complications in
58 (79%) patients while 7 (10%) patients developed wound
infection, and 8 (11%) patients developed other wound
complications. Positive margins were found in 12 patients
(16%) after their first procedure at our institution, and a
total of 13 re-excisions to achieve negative margins were
performed (a single patiens had two re-excisions). There
were 61 (84%) patients who had negative margins at the
time of the index tumor excision. A list of demographics
and results are summarized in Table 1.

The average soft tissue defect was 135 + 141 cm? after
initial excision. Temporary coverage was performed
with allograft skin in 57 (78%) patients and by a negative
pressure wound device in 16 (22%) patients. Use of the
negative pressure device was discontinued following a
bleeding episode with one patient in the post anesthesia
care unit, necessitating a return to the operating suite
(no active bleeding was identified). Aside from this one
patient, no wound complications were noted in the in-
terim period between the index STS excision procedure
and definitive soft tissue coverage.

Patients most frequently had a period of 7 days (range
3 - 32) between procedures. Definitive coverage was
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5 (6.8%)
15 (20.5%)
16 (21.9%)
23 (31.5%)

Local Rearrangement no STSG

Local Rearrangement + STSG
STSG Alone
Keystone with V-Y Advancement No STSG

Keystone with V-Y Advancement + STSG 7 (9.6%)
Free Flap No STSG 4 (5.5%)
Free Flap + STSG 3 (4.1%)
Total 73

STSG = split thickness skin graft

achieved by various methods as shown in Table II, with
the most common modes of coverage being keystone
flap (41%), split thickness skin graft (STSG) (22%), and
myocutaneous local flap with STSG (21%). Twelve of the
73 patients (16%) required a total of 23 revision surger-
ies to achieve closure. These surgeries included wound
debridement, skin grafting, and delayed closures.
There were 8 (11%) local recurrences in the study
group overall, including 5 in the positive margins exci-
sion group and 3 in the negative margin group. Two of
the 8 patients went on to amputation, 2 died, and 4 un-
derwent re-excision of their local recurrences and were
subsequently disease free at an average follow-up of 50
months. There were seven deaths in the group overall
(10%), including five patients who died of disease, and
2 who died from causes unrelated to their malignancy.
Therefore, overall oncologic survival was 93%.

DISCUSSION

A majority of the patients included in this study had
prior suboptimal surgical excisions. Despite continued
efforts at education, the inadvertent initial surgical
misadventure remains a consistent problem in sarcoma
management!'t?2,  This, unfortunately, puts patients
at increased risk for local recurrence and metastatic
disease!®'6, Large volume excisions frequently require
more complex coverage needs in sarcoma surgery'’, and
in our series, the majority of patients had undergone
excisions prior to referral. Managing this high-risk pa-
tient population led to our hypothesis that a two-staged
approach would allow more coverage options while not
affecting wound complication or local recurrence rates.

Patients who have a surgical excision with positive
margins prior to referral to a sarcoma center have a
20-34% chance at local recurrence if the specimen is
completely re-excised, and as high as a 60% risk in
high-grade tumors™6181920 The rate of local recurrence
in planned wide-margin excisions ranges from 6-25% in
the literature>*18192021 Metastasis occurs in 13.7-27%
of patients after undergoing unplanned excision*716%,
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Metastasis occurred in 8.3-24% of patients undergoing
planned wide-margin excision*?°. In our study, the
overall local recurrence rate of 11% is not different from
published series of STS, suggesting that this treatment
approach does not adversely affect the local recurrence
rate. Overall survival was 90% and disease free survival
was 79%.

The wound complication rate of 21% in the present
study included infections and other wound complications.
The majority of patients received postoperative RT to
decrease the risk of wound complications. Wound com-
plication rates after pre-operative RT are 35% compared
with 17% in post-operative RT?2, which is not significantly
different from our study. Additionally, our patients had a
relatively high average body mass index (BMI), a factor
also associated with higher wound complications.

This study is limited in that it is a single arm, ret-
rospective review with a short follow up from a single
institution. Patients were selected for inclusion by the
senior author based on clinical experience and were not
randomized. However, like most sarcoma studies, due
to the rarity of the disease, the protean presentations,
and the wide variety of treatment options, Level 1 ran-
domized controlled studies are exceedingly difficult to
perform for surgical management in this disease. We
felt that comparing a cohort of patients undergoing a
single-stage surgical approach would not be possible in
our institution owing to the underlying bias in choosing
these treatment protocols considering the differences in
these populations. As such, we elected to provide our
experience with the staged excision and reconstruction
approach, as it has provided a suitable treatment option
in our hands.

Several non-tumor related advantages led to the incor-
poration of this staged surgical treatment. Patients are
able to understand their reconstructive procedure prior
to surgery and as such, are more knowledgeable about
the operation at hand. Additionally, while no official
cost-analysis was run, the surgeons anecdotally noted
that staging results in more efficient scheduling and use
of operating room time, surgeon time, and hospital re-
sources. We recognize that this is an additional surgical
procedure, and attempt to select our patients with that
in mind. As these patients typically go home between
surgeries, we feel this does not significantly negatively
impact their quality of life.

In conclusion, for select patients in whom large
cutaneous defects are anticipated, delayed soft tis-
sue coverage offers the potential to revise unplanned
positive margins while still availing the patient of the
benefits of local tissue rearrangements. In our small
single arm study, the local recurrence rate of 11% in this

relatively high risk group was consistent with previously
published local recurrence rates, and reoperations for
wound complications were only 16%. This technique is
an acceptable addition to the armamentarium of the or-
thopedic oncologist and reconstructive plastic surgeon in
achieving wound closure in this difficult clinical situation.
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