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ABSTRACT

The objective of the present study was to review the long term follow up results of patients with primary soft tissue sarcomas (STS)
of the foot who underwent limb sparing surgery with pre-or postoperative radiotherapy. Eleven patients with primary STS of the foot
treated with limb sparing surgery and radiotherapy between 1980 and 2008 were retrospectively analyzed. The median tumor size
was 5.5 cm (2-8 cm). All patients were treated with limb sparing surgery. Surgical margin was positive in 5 patients. The most frequent
histopathological diagnosis was synovial sarcoma (73%). Radiotherapy was performed postoperatively to 8 patients and preopera-
tively to 3 patients. Six cases with high grade and large tumor received chemotherapy. The median follow-up period was 73 months
(11 to 224 months). The 5-year overall survival was 78.8%. Three patients developed local recurrence at median of 12 months (6-13
months). The histopathology of these patients was synovial sarcoma. The surgical margins were positive in one of them. One of the
recurrent patients was salvaged by further limb sparing surgery and 2 patients required amputation. These 3 cases developed lung
metastasis and 2 of them died due to metastatic disease. Eight patients without local recurrence remained disease-free at a median
follow up of 73 months. Multidisciplinary approach is essential as in the other localizations, to get good oncologic and functional treat-
ment outcomes in primary soft tissue sarcomas of the foot. Radiotherapy enables the limb preservation with good local control rate.
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OzET

Ekstremite Koruyucu Cerrahi ve Radyoterapi Uygulanan Ayak Yerlesimli Yumusak Doku Sarkomlarinda Uzun Dénem
Takip Souclari

Bu galismanin amaci; primer ayak yerlesimli yumusak doku sarkomu tanisiyla ekstremite koruyucu cerrahi ve preoperatif veya post-
operatif radyoterapi uygulanan hastalarda uzun dénem takip sonuclarinin degerlendirimesidir. 1980-2008 yillari arasinda, ekstremite
koruyucu cerrahi ve radyoterapi uygulanan primer ayak yerlesimli yumusak doku sarkomlu 11 olgu retrospektif olarak degerlendirildi.
TUmOAr boyutu medyan 5.5 cm’dir (2-8 cm). Tdm olgulara ekstremite koruyucu cerrahi yapildi. Bes olguda cerrahi sinir pozitif saptandi.
En sik gdrilen histolojik grup sinovyal sarkom’dur (73%). Sekiz olguya postoperatif radyoterapi, 3 olguya preoperatif radyoterapi
uygulandi. Yuksek grad ve blyuk timorl olan 6 olguya kemoterapi verildi. Medyan takip stresi 73 ay’dir (11-224 ay). 5 yilik genel
sagkalim %78.8’dir. Ug olguda medyan 12 ayda (6-13 ay) lokal niiks gelisti. Niiks gelisen tim olgularin histopatolojisi sinovyal sarkom-
du ve sadece bir olguda cerrahi sinir pozitifti. Iki olguya niiks nedeniyle amputasyon yapilirken, diger olguya tekrar ekstremite koruyucu
cerrahi yapildi. Lokal niiks gelisen bu U¢ olguda akciger metastazi gelisti ve 2'si hastaliktan dolayr kaybedildi. Lokal niikst olmayan 8
olgu medyan 73 ay takip suresi icerisinde hastaliksiz olarak takip ediimektedir. Primer ayak yumusak doku sarkomlarinda iyi onkolojik
ve fonksiyonel tedavi sonucu elde edebilmek icin diger bdlge yumusak doku sarkomlarinda oldugu gibi multidisipliner yaklasim oldukga
onemlidir. Radyoterapi iyi lokal kontrol orani ile ektremite korunmasina olanak saglamaktadir.

Anahtar Kelimeler: Yumusak doku sarkomu, Ayak, Radyoterapi
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INTRODUCTION

Soft tissue sarcomas (STS) are a heterogeneous
group of rare malignancies representing less than
1% of adult malignancies and malignant foot STS
account for approximately 2% to 5% of all cases.'?
STS of the foot are frequently indolent and small,
and early presentation of the symptoms are typical
while there is limited area for the tumor expansion
due to the anatomy of the foot.>* The malignant
potential of a tumor has often been underestimated
since 70-84% of the soft tissue lesions of the foot are
benign.>® This leads to unplanned excisions without
proper imaging and staging. It has been shown that
an unplanned excision or late diagnosis of malign
STS has been correlated with worse outcome.’®

The therapeutic approach and outcomes for this
rare disease are not well established. The aim in the
treatment of STS of the foot is maximizing local
control and survival by means of the preservation
of the optimal foot and joint function as well. How-
ever, for most of the patients limb sparing resection
is not feasible due to the difficulty in achieving ad-
equate margins, the lack of anatomic compartmen-
talization and the limitation of surgery for recur-
rence.”!? Therefore, surgical management for foot
STS is generally amputation while it is very difficult
for patients and families to accept. Limb preserva-
tion management with combined surgery and ra-
diotherapy is an alternative treatment approach to
amputation.'>!5 There has been few series focused
on STS of the foot and evaluated the results of limb
preservation surgery with radiotherapy.'%1216-18

The objective of the present study was to review
the long term follow up results of primary STS of
the foot who underwent limb sparing surgery and
preoperative or postoperative radiotherapy in our
institute.

PATIENTS AND METHODS

We performed a retrospective review of 11 pa-
tients with primary STS of the foot treated with
limb sparing surgery and preoperative or postop-
erative radiotherapy between 1980 and 2008, at a
musculoskeletal tumor referral center. Patients with
dermatofibrosarcoma protuberans, rhabdomyosar-
coma, desmoid tumors and patients with distant me-
tastases at the initial presentation were not included
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in the analysis. Our institutional board was informed
before the analysis and the analysis was conducted
in accordance with the principles of the Declaration
of Helsinki and the rules of Good Clinical Practice.
National rules do not require obtaining ethical com-
mittee approvals for retrospective studies.

All pathological diagnosis and evaluation of surgi-
cal margins were reviewed by our institutional mus-
culoskeletal pathologists. Initial patient work-up in-
cluded physical examination, routine blood counts,
blood chemistry profile including renal and hepatic
function tests, radiographs and magnetic resonance
imaging of the distal lower extremity, chest radiog-
raphy and/or chest computed tomography.

The tumor locations included dorsum of the foot
in 8 cases and plantar aspect of the foot in 3 pa-
tients. The median tumor size was 5.5 cm (range 2
to 8 cm). The most frequent histopathologic diag-
nosis was synovial sarcoma in 8 cases (73%). The
histopathologic differentiation of the tumors were
reported as grade I in 1, grade II in 2 and grade III
in 8 patients. The characteristics of the patients and
tumors are summarized in Table 1. Five patients had
wide local excision and 6 had marginal resection.
Surgical margins were negative in 6 patients and
positive in five. Soft-tissue coverage was performed
with free flap soft-tissue transfer in 3 patients.

Patients with large, high grade tumors were more
likely to receive preoperative radiotherapy. Adju-
vant external beam radiation therapy was performed
at least 3 weeks after resection, when surgical wound
healing had existed. Patients were immobilized with
an alpha cradle or a wooden box with rice. Five
patients were treated with conventional 2D tech-
nique. Lateral or anteroposterior parallel-opposed
or oblique fields were generally used. Six patients
were irradiated with 3D conformal planning. The
clinical target volume was created by giving a longi-
tudinal margin of 3 cm and radial margin of 1.5 cm
to the gross tumor volume or tumor bed if there is
enough space. The size of the clinical target volume
was determined individually according to the pre-
operative radiological data, surgical report, patho-
logical data and the size of the scar. Surgical drain
and incision sites were included within the initial
treatment volume. In patients warranting postopera-
tive radiotherapy, the treatment boost volume was
constructed using a shrinking field technique after
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Table 1. The characteristics of the patients and the tumor and
the treatment details

Characteristics Number of patients %

Gender
Female 3 27
Male 8 73

Tumor localization

Plantar 3 27

Dorsal 8 73
Surgery type

Marginal resection 6 54

Wide local excision 5 46

Surgical margin

Positive 5 46

Negative 6 54
Histopathologic subtype

Synovial sarcoma 8 73

Pleomorphic sarcoma 1

Malignant peripheral nerve 1

sheath tumor

Chondrosarcoma 1 9

Radiotherapy

Preoperative 8 27

Postoperative 8 73
Chemotherapy

Preoperative 2 18

Postoperative 3 27

Concomitant 1 9

46-50 Gy. The boost volume was created by giving
2 cm margin in longitudinal plane and 1.5 cm radi-
ally to tumor bed. Irradiation of the entire circum-
ference of the foot was avoided, a strip of normal
tissue was spared along the length of the foot, and
the ankle joint, achilles tendon were not included in
the high dose volume whenever possible. We used
rice or paraffin bolus on the surgical scar to build up
skin dose when needed.

Radiotherapy was delivered with Co60 machine or
4-6 MV linear accelerators. Radiotherapy was im-
plemented preoperatively to 3 patients with a dose
of 46 Gy in 23 fractions over 4.5 weeks and post-
operatively to 8 patients with a dose of 60-66 Gy in
30-33 fractions over 6-6.5 weeks. One patient with
positive surgical margin treated with brachytherapy
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to a dose of 13.5 Gy in 7 fractions in addition to
preoperative external beam radiotherapy. Six cases
(54.5%) with high grade and large tumor received
chemotherapy consisting of doxorubicin 75 mg/m?
on DI, ifosfamide with mesna 2 g/m* on D1-3 eve-
ry3 weeks. Treatment details can be seen in Table 1.

All patients were followed by physical examination,
every 3 months until 2 years after surgery and every
6 months up to the fifth year. Magnetic resonance
imaging of the primary site and thorax computed to-
mography and serum chemistry panel were repeat-
ed every 6-12 months. Further investigations were
performed only when clinically indicated. Survival
analysis was performed using the Kaplan-Meier
method using the time of initiation of treatment as
the starting point. Long-rank tests were used to as-
sess for significance of differences between curves.

RESULTS

There were 8 male and 3 female patients with a
median age of 42 years (range, 26 to 71). Two pa-
tients had been operated elsewhere previously and
referred us after local recurrence. Nine patients did
not receive any treatment before. The median fol-
low-up period was 73 months (range, 11 to 224).
Three of 11 patients developed local recurrence at
median of 12 (range, 6 to 13) months, resulting in a
5-year local control rate of 71%.

The first patient who had a local recurrence was
treated with chemoradiotherapy after the marginal
resection of tumor. He had an infield recurrence 12
months after therapy. Despite subsequent salvage
below knee amputation, lung metastasis was ob-
served in 20th months of follow-up. He was treated
with chemotherapy. But, he died due to the progres-
sion of lung metastases. Second patient had been
referred to our clinic due to recurrent sarcoma fol-
lowing the unplanned excision. The marginal exci-
sion of the tumor located on the dorsum of the foot
and adjuvant radiochemotherapy were performed.
He had an outfield recurrence after 6 months. The
new lesion was on the plantar aspect of the foot and
treated with salvage surgery with postoperative ra-
diotherapy and chemotherapy. But, 19 months later
he had another local recurrence and amputation be-
low the knee was performed. Unfortunately, he ex-
perienced local recurrence in the stump and the lung
metastasis in 57th month of follow up. Amputation
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Table 2. Characteristics of the 3 cases with recurrence

Local recurrence location In treatment field

Local recurrence time (month) 12
Treatment of local recurrence Amputation
Lung metastasis (month) 20

QOutcome Died of disease

Out of treatment field
6/ 25/ 57/72

1st recurrence: Wide local
excision+postoperative
radiotherapy&chemotherapy
2nd recurrence:Amputation
below knee

3rd recurrence: Amputation
above knee + Chemotherapy
4th recurrence: Radiotherapy
57

Alive with disease

Case 1 Case 2 Case 3
Age 57 30 38
Histology Synovial Synovial Synovial
Primer Surgery Marginal resection Wide local excision Marginal resection
Surgical margin () (=) (+)
Chemotherapy (+) (+) ()
Radiotherapy dose 64 Gy 64 Gy 66 Gy

Out of treatment field
13
Limp sparing surgery

30

Died of disease

above the knee was performed. Fifteen months later,
he developed a new recurrence in his stump that has
been controlled with radiotherapy. Now, he is alive
with disease during a follow-up 79 months and he is
receiving chemotherapy. The third case was referred
to our clinic after marginal resection with positive
surgical margin. He had an out of field relapse in
the soft tissue of the right tibia and inguinal lymph
node metastases, 13 months after postoperative ra-
diotherapy. He underwent a limb sparing surgery.
Eventually, he had a lung metastasis in 30th month
and died of his disease despite the chemotherapy.
The details of the patients with recurrence can be
seen in Table 2.

The overall 5-year survival rate of all patients was
78.8%. Out of the 11 patients in the cohort, 1 patient
was alive with disease and 2 patients died of their
disease at the time of evaluation. Eight (72.7%)
patients without local recurrence remained disease-
free at a median follow-up of 73 months.

On univariate analysis tumor size, histopathologic
subtype, surgical margin status, type of surgery did
not significantly affect local control, disease-free
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and overall survival rates. The 5-year disease-free
survival and overall survival rates were significant-
ly worse for patients with local recurrence, respec-
tively (p= 0.001 and p= 0.021). Table 3 shows the
results of univariate analysis of prognostic factors
that might influence 5-year local control, disease-
free and overall survival rates. Multivariate analysis
has not been performed in the current study due to
the small number of patients.

Hyperpigmentation and wet desquamation were the
most commonly seen acute toxicity during the ra-
diotherapy. Two patients whose tumor was located
in plantar region required treatment interruption due
to acute skin reaction. Three patients had delayed
wound healing. One patient experienced postopera-
tive wound infection, and this patient was required
amputation of toe. Two patients had chronic edema
and four patients had fibrosis that cause decrease
range of motion. The patients without local recur-
rence were ambulatory with or without external sup-
port, and they were satisfied with the foot function.
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Table 3. Univariate analysis for local control, disease free survival and overall survival rates
Local Control Disease Free Survival Overall Survival
N 5 years (%) P 5 years (%) P 5 years (%) P
Tumor size
<5cm 5 80 0.84 80 0.84 100 0.26
>5cm 6 67 67 67
Histopathologic subtype
Synovial sarcoma 63 0.31 63 0.31 72 0.44
Others 100 100 100
Resection margin status
Negative 6 80 0.46 80 0.46 80 0.72
Positive 5 63 63 75
Surgery type
Marginal resection 6 60 0.64 60 0.64 60 0.15
Wide local excision 5 80 80 100
Local recurrence
(+) 0 0.001 33 0.021
) 100 100

DISCUSSION

The management and outcomes of primary STS of
the foot have not been extensively studied while
STS of foot were usually reported together with
the bone sarcomas, metastatic tumors or benign tu-
mors and STS of the hands or ankle in the analy-
sis. 16714151920 Additionally, few reports did not de-
scribe the oncologic outcomes of STS of the foot.®
So, it is difficult to compare the studies and describe
the prognostic factors and to get optimal therapeu-
tic approach. General principles of limb sparing
treatment approach for extremity sarcomas can be
adapted to the foot STS. Functional limb conserva-
tion may maintain physical, psychological, and so-
cial benefits.”'>!3 However, it is difficult to obtain
wide resection margins for the foot tumors which
increase the risk of both local recurrence and dis-
tant metastases. In addition to this, irradiation of the
foot is challenging especially due to poor radiation
tolerance of the skin of the sole. It is also difficult
to manage local recurrences with re-resection with
wide margins for limb preservation. Therefore, the
amputation is applied more for the foot STS other
than the STS of the extremities.
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According to the treatment protocol of our institu-
tion, radiotherapy has been performed to patients
with close or positive margins, high grade and/or
inoperable for limb sparing surgery due to the ad-
vanced tumor or who did not accepted amputation.
Radiotherapy can control the residual microscopic
disease, and the local recurrence rate has been re-
ported to be below 10% when combined with post-
operative radiotherapy.'*!*?' Good local control
with sparing of limb function using the combined
therapeutic approach in the sarcoma of foot has
been demonstrated. #1922

In the literature, local recurrence rate was 10-14%
for STS of the foot.”!"!* Temple et al and Kozawa
et al. reported worse outcomes in patients undergo-
ing amputations compared to patients having limb
sparing surgery.''” However, the other studies did
not show any significant difference. Salipas et al.
analyzed 33 patients with primary STS of the foot
and ankle and 19 (42.4%) of the patients were treat-
ed by amputation while only 2 of them had a local
recurrence.” Azevedo et al. reported high ampu-
tation rate (44%) with good local control and only
4 out of 15 STS patients received radiotherapy in
this study.? Latt et al. reviewed the 16 patients with
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Table 4. Results of the studies that evaluated the long-term outcomes of patients treated with limb sparing surgery and radiotherapy
for STS of the foot
Authors Total number Number of patients Local Distant Amputation
of patients with STS of the foot recurrence metastasis
Talbert, et al.™ 78 (hand, wrist, 22 5 4 12
foot, ankle)
Jyothirmayi, et al.™ 41 (hand & foot) 23 9 10 2
Cassidy, et al.'® 33 (hand, wrist, 15 (foot&ankle) 1 8 -
foot, ankle)
Schoenfeld, et al.’” 23 (hand & foot) 11 - 2 -
Bishop AJ, et al.'® 85 (hand &foot) 47 5-year 5-year 5 (hand&foot)
LC: 86% DMFS: 85%
Present study 11 11 3 3 2
LC: Local control; DMFS: distant metastatic-free survival

STS of the foot and noted 19% amputation rate.®
Limb salvage surgery with pre-or postoperative ra-
diotherapy was used in 70% of the patients, leading
to a local recurrence rate of 15% with acceptable
foot function.® Ozger et al. reported 16 cases of ma-
lignant tumors of the foot and ankle and 9 of them
were STS of the foot. Limb salvage surgery with
pre or postoperative radiotherapy was performed to
6 patients and distant metastasis was detected in one
patient after a mean 74.2 months of follow-up.'

The studies that evaluated the long-term outcomes
of patients treated with limb sparing surgery and
radiotherapy for STS of the foot demonstrated an
excellent rates of local control and survival with
good functional outcome (Table 4).''® However, in
Jyothirmayi et al.’s series local relapse-free survival
was high as 44%, compared to other studies.'” The
reason might be the high proportion of recurrent tu-
mors in their series. This suggests the need for rou-
tine postoperative radiotherapy after the initial con-
servative surgery for foot sarcoma. Furthermore,
they noted that most of the recurrences were within
the volume suggesting the necessity of higher total
doses of radiotherapy (>60 Gy) especially in pa-
tients with positive margins.

In the present study 5-year local control rate was
modestly lower than the recent series. It might be
due to the fact that most of our patients had unfa-
vorable characteristics such as tumor size were

6

>5cm in 64% cases and 73% of patients had high
grade tumors. Nevertheless, we preserved the ex-
tremities of our patients at the first face and one of
the 3 patients with local recurrence was salvaged
by further limb sparing surgery. Besides, two out
of three patients with a local relapse that was con-
trolled with salvage treatments, died due to lung
metastases. Overall systemic recurrence rate was
27.2% at a median time of 30 months. The 5-year
survival rate of 78.8% in the present study was com-
parable with other studies.>”!1?

Few studies have analyzed the prognostic factors
for foot sarcoma. Talbert et al. demonstrated that the
larger tumor size was associated with worse disease
free survival.'> It has been reported that unplanned
excisions worsen the outcome and complicate the
limb salvage treatment.”® Local recurrence rate was
reported to be higher in the patients with positive
surgical margins compared to the patients with neg-
ative margins in the series of Kozawa et al.>* One
of the largest series evaluating limb conserving sur-
gery and radiotherapy in 85 patients with STS of
foot and hand demonstrated that positive surgical
margin status was adversely associated with local
recurrence. But, this lost significance on multivari-
ate analysis when adjusting for radiotherapy dose
more than 64 Gy.'

In the present study, patients who had a local re-
lapse had significantly worse disease-free survival
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and overall survival rates, similar to Bishop et al.
study.'® However, we couldn’t observe the signifi-
cant effect of positive surgical resection margins
and local recurrence was observed in only one out
of the 5 patients with microscopically positive re-
section margin. This might be due to the effect of the
high dose radiotherapy applied in our patients with
positive surgical margin as Bishop et al. stated.'® In
our study the common feature of the patients with
recurrence was histopathology. The histopathology
of all recurrent tumor was synovial sarcoma. Syno-
vial sarcomas were reported to be the most frequent
malignant histological type among the STS of the
foot.67:9:15:20.23-26 Sypovial sarcoma has poor progno-
sis due to the patterns of recurrence such as local
invasion potential along the fascia, regional lymph
node metastases and the distant metastases.** In this
study, even though there is a distinct difference of
local control, disease-free and overall survival rates
between patients with synovial histopathology and
the patients with other histopathology, this differ-
ence was not statistically significant. Our patients
with local recurrences were controlled with salvage
treatments. But, 2 patients with this aggressive tu-
mor pathology died due to metastasis. So, inherent
tumor biology rather than the other factors may be
more essential for metastases and more aggressive
chemotherapy regimens are needed.

There are some limitations of this study. Firstly,
this study is a retrospective review and is therefore
susceptible to the limitations and biases of all ret-
rospective studies. Secondly, although oncologic
outcomes may be compromised with large size, sur-
gical margin status, type of surgery, histopathologic
subtype, it did not reach to a statistical significance
due to the small number of patients that is mostly
attributed to the rarity of primary STS of the foot.
Beside these limitations, the present study is a ho-
mogenous series of patients with primary STS of
foot from single institution. Dermatofibrosarcoma
protuberans, rhabdomyosarcoma, desmoid tumors,
Ewing sarcoma, osteosarcoma that were included in
other studies were excluded in our study. Also, our
study focused exclusively on long term outcomes
of extremity sparing treatment approach for the pa-
tients with primary STS of foot, treated with pre-or-
postoperative radiotherapy, that gives a chance for
preserving the foot.
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In conclusion, amputation is still the most common-
ly used treatment option for the foot STS. However
the physiological and social effects cannot be ig-
nored and some of the patients do not accept such
a radical surgery. Although the anatomy of the foot
limits wide excisions radiotherapy may improve
the local control rates in this situation and enables
the limb preservation. Therefore, an experienced
multidisciplinary evaluation and treatment combi-
nations are needed as in other regional STS to get
good oncologic and functional treatment outcomes
in STS of the foot.
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