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Abstract

Purpose The use of adjuvant radiation in the treatment of soft-tissue sarcoma (STS) is equivocal in selected cases. Our objective
was to compare the short-term outcomes in patients operated on for a local recurrence who had radiation for the primary tumour
to those who were spared radiation.

Methods This was a retrospective study of 103 patients treated for a local recurrence: 48 (47%) with previous radiation and 55
(53%) without. Our primary outcome criterion was to identify the differences in the local treatment provided. Secondary
outcomes were the cumulative incidence of a surgical site infection/wound complication (SSI/WC), variables associated with
SSI/WC, and local recurrence.

Results Amputation and the incidence of re-operation were significantly more frequent in patients who received previous
radiation compared to patients without previous radiation (27% vs 9%, p =0.02, for amputation; 26% vs 36% at 2 years for
SSI/WC, p =0.049). Multivariable regression models found previous radiation (p = 0.049), arteriopathy (p = 0.012), location at
lower limb (p = 0.09), and use of a flap (0.0048) associated with the risk of SS/WC.

Conclusions Previous radiation is associated with an increased risk of amputation and reoperation for SSI/WC when treating a
local recurrence. This information should be accounted for when deciding for the use of radiation.

Keywords Soft tissue sarcoma - Radiotherapy - Wound complications - Surgical site infection - Amputation

Introduction
P4 Gauthier Eloy
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the risk of local recurrence [11, 12]. However, despite reducing
the risk of local recurrence, radiation does not prevent it entire-
ly. In fact, 80% of local recurrences in patients who had adju-
vant radiation occur in the irradiated field [13-15].
Unfortunately, EBRT is also associated with morbid complica-
tions. According to different series, wound complications after
sarcoma resection surgery are largely increased by radiation
[16, 17]. Half these complications will need repeat surgery [6].

When opting for adjuvant radiation in equivocal cases, sur-
geons face the risk of having to deal with a local recurrence in
an irradiated field. This is most true when dealing with pa-
tients who had the resection of a STS outside a reference
center for instance. The absence of pre-operative imaging,
little information on the surgical procedure, and a pathology
report from a non-expert in the field make it difficult to appre-
ciate the risk of local recurrence. Consequently, practitioners
may find it difficult to decide for or against the use of radia-
tion, whether it is associated with or without surgical revision.
Some may choose to use adjuvant radiation with the risk of
dealing with a local recurrence on an irradiated field should it
occur. Others may discard radiation altogether, with an in-
creased risk of local recurrence, but knowing that if the tumour
recurs, it will occur in non-radiated tissues. To the best of our
knowledge, there is no study comparing the short-term out-
comes, and most importantly the occurrence of wound com-
plications, in patients operated on for a local recurrence who
had radiation for the primary tumor to those who were spared
radiation. We aimed at providing useful and new information
to care providers dealing with soft tissue sarcoma.

Therefore, we retrospectively analyzed a series of patients
operated on for a local recurrence of an extremity STS with or
without previous radiation. Our primary question was to look
for differences in the treatments used to treat the local recur-
rence (type of surgery including the ability to preserve the
limb, use of radiotherapy, use of chemotherapy). Our second-
ary questions were to estimate the proportion of patients de-
veloping a surgical site infection/wound complication (SSI/
WC), the variables associated with this latter complication,
and the local control rate between the two groups.

Patients and methods

This retrospective study was performed between 2000 and
2015 at tertiary university care centers specialized in the treat-
ment of bone and soft tissue sarcomas. All care providers were
experienced in the treatment of sarcomas. Patients were in-
cluded in the present study if they were 16 years or older,
presented with a histologically proven recurrence of an ex-
tremity STS. Patients were excluded if no information was
available regarding the treatment of the primary occurrence;
if the recurrence occurred within four months of the primary
surgery, if the resection was macroscopically contaminated, or
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if the tumor was a well-differentiated liposarcoma. Patients
were split into two groups based on the use of adjuvant radi-
ation at the time of the primary occurrence: patients who had
previous radiation and patients who had no previous radiation.
This retrospective study was conducted in accordance with the
International Ethical Guidelines and Declaration of Helsinki
[18].

One hundred thirty-six patients with a recurrence of an
extremity STS were eligible. Thirty-three patients were ex-
cluded because the recurrence occurred within less than four
months (rn = 11), the resection was macroscopically contami-
nated (n =7), or the tumour was a well-differentiated
liposarcoma (n = 15). Overall, 103 locally recurrent patients
were included, 48 (47%) with previous radiation and 55 (53 %)
without previous radiation (Table 1). The median follow-up
was 22 months. There were 56 females (54%) and 47 males
(46%), with a mean age of 64 years. Potential healing detrac-
tors did not differ between groups, including ASA score, dia-
betes (n =10, 10%), history of tobacco use (n =26, 26%),
history of peripheral vascular arteriopathy (n =3, 3%), and
corticosteroid use (n =2, 2%). Main tumors were
myxofibrosarcomas (n =24, 23%), liposarcomas (n =18,
17%), and leiomyosarcomas (n = 14, 14%). Initial surgery
consisted of a limb-sparing surgery for all patients. Initial
margins were similar between these two groups.

Differences were identified between these two groups.
Patients who had previous radiation were more likely to
have a high-grade (n =34, 71%) and deeply seated tumour
(n =47, 98%) at the time of the primary occurrence of the
sarcoma compared to those without previous radiation (n =
25, 46% high-grade, p =0.004; n =43, 78% deep tumours
p =0.002).

All treatments were decided at weekly multidisciplinary
team (MDT) meetings with surgeons, radiation and medical
oncologists, pathologists, and radiologists. Surgery of the lo-
cal recurrence aimed for a wide resection circumferentially
with about a 2-cm margin of muscle or fat, or an anatomical
barrier whenever possible [19]. Close margins, and possibly
planned microscopic positive margins to preserve important
fixed structures such as bone, vessels, and nerves, were per-
mitted [20]. The previous surgical site was resected together
with the recurrence only in some cases. In case of limb salvage
was not deemed possible, an amputation was performed.
Radiotherapy of the recurrence was decided based on the sur-
gical margins. Although the use of radiation for the primary
tumour was not a strict contraindication for using radiation to
treat the recurrence [21], it participated greatly in the decision
for not giving it. When given, the standard radiation protocol
was external beam fractionated radiotherapy, either 66 Gy
post-operatively or 50 Gy pre-operatively.

Our primary objective was to look for differences in the
treatments used to treat the local recurrence (type of surgery,
use of radiotherapy, use of chemotherapy). Our secondary
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Table 1 Patient’s medical and surgical data for the initial sarcoma
Variables All patients (n=103) Patients with previous Patients without previous p values
radiation (n =48 (47%) radiation (n =55 (53%)
Age (years; median(Q1 - Q3)) 64 (51-72) 65 (52-72) 62 (44-76) 0.23
Gender 0.70
Female 56 (54%) 25 (52%) 31 (56%)
Male 47 (46%) 23 (48%) 24 (44%)
BMI (kg/m?; median (Q1-Q3)) 25.9 (23.9-26.1) 25.9 (23.6-26.1) 25.7 (24.5-26.1) 0.61
Diabetes 10 (10%) 4 (8%) 6 (11%) 0.75
Tobacco use 26 (26%) 9 (19%) 17 (31%) 0.18
Peripheral arteriopathy 3 (3%) 1 (2%) 2 (4%) 1
Corticosteroid use 2 (2%) 0 2 (4%) 0.50
ASA classification 0.14
1 28 (27%) 15 (31%) 13 (25%)
2 49 (49%) 25 (52%) 24 (44%)
3 24 (24%) 7 (15%) 17 (31%)
Diagnosis
Myxofibrosarcoma 24 (23%) 9 (19%) 15 (27%)
Liposarcoma 18 (17%) 5 (10%) 13 (24%)
Leiomyosarcoma 14 (14%) 6 (13%) 8 (14%)
Synovial sarcoma 6 (6%) 4 (8%) 2 (4%)
Extra skeletal osteosarcoma 6 (6%) 2 (4%) 4 (7%)
Malignant fibrous histiocytoma 3 (3%) 1 2%) 2 (4%)
Rhabdomyosarcoma 3 (3%) 2 (4%) 1 2%)
Angiosarcoma 1 (1%) 0 1 2%)
Malignant schwannoma 1 (1%) 1 (2%) 0
Fibrous solitary tumor 1 (1%) 0 1 2%)
Unclassed sarcoma 26 (25%) 18 (38%) 8 (14%)
Previous metastasis 2 2%) 2 (4%) 0 0.21
Location 0.25
Lower limb 70 (68%) 35 (73%) 35 (64%)
Upper limb 33 (32%) 13 (27%) 20 (36%)
Initial radiotherapy 48 (47%) 48 (100%) 0
Initial chemotherapy 19 (18%) 14 (29%) 5 (9%) 0.01
Initial surgery 1
Limb-sparing surgery 103 (100%) 48 (100%) 55 (100%)
Amputation 0 0 0
Initial grading 0.004
1 26 (25%) 5 (10%) 21 (38%)
2 18 (18%) 9 (19%) 9 (16%)
3 59 (57%) 34 (71%) 25 (46%)
Initial margins 0.12
RO 80 (78%) 35 (73%) 45 (82%)
R1 21 (20%) 13 (27%) 8 (14%)
R2 2 2%) 0 2 (4%)
Initial depth 0.002
Deep 90 (87%) 47 (98%) 43 (78%)
Superficial 13 (13%) 1 (2%) 12 (22%)
Number of sarcoma recurrence 0.69
First 50 (49%) 22 (46%) 28 (51%)
Multiple 53 (51%) 26 (54%) 27 (49%)

Counts may sometimes not add to 103 because of missing data

objectives were to know the proportions of patients develop-
ing a surgical site infection/wound complication (SSI/WC),
the variables associated with, and the local control rate be-
tween the two groups.

Patients were considered to have surgical site infection
when they presented with the following clinical criteria of
infection such as fever, or pus oozing from the wound, and/
or biological criteria of inflammatory syndrome and/or posi-
tivity of bacteriological cultures during the revision. Patients

were considered to have a wound complication if they pre-
sented any wound complication requiring debridement and/or
negative pressure therapy applied on an outpatient basis, or a
surgical intervention for wound repair, such as debridement,
drainage of seroma or haematoma, or secondary wound clo-
sure without evidence of infection as defined above.

Point estimates with 95% exact confidence intervals
are reported. Univariable and multivariable logistic re-
gression models were computed to look for variables
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associated with the primary outcome. Variables of interest
tested were related to the patient: age (continuous), sex
(woman or man), diabetes (yes or no), arteriopathy (yes or
no), corticosteroid use (yes or no), smoking (yes or no),
ASA score (continuous), body mass index (continuous),
previous radiation of the surgical site (yes or no), chemo-
therapy (yes or no), and presence of metastasis (yes or
no); to the tumor: size (continuous), grade (low, interme-
diate, or high), depth (superficial or deep), location (upper
extremity, or lower extremity); to the surgery: type (limb-
sparing surgery or amputation), resection margins (RO, or
R1/R2) and soft-tissue reconstruction (yes or no).
Variables with a relevant effect (p <0.2) on the primary
outcome in univariable models were fitted into a multi-
variable Cox regression model. Variable selection was
then performed using a stepwise, backward, and forward
selection procedure based on Akaike index criterion. All
tests were bilateral at the 0.05 significance level. All com-
putations were performed using R software (R founda-
tions for statistical computing, Vienna, Austria).

Results

We found significant differences in the treatment of patients
with and without previous radiotherapy (Table 2). Amputation
was significantly more frequent for patients who received pre-
vious radiation (n =13, 27%) compared to patients who did
not have previous radiation (n =5, 9%); p =0.02. Adjuvant
radiation to treat the recurrence was less used for patients who
had previous radiation (n = 6, 13%) than for patients who did
not have previous radiation (n =27, 49%); p <0.001.
Adjuvant chemotherapy was more used for patients in the
previous radiation group (n =12, 25%) than for the group of
patients who did not have previous radiation (n =2, 4%); p =

0.003. There was, however, no difference in resection margins
and in the use of a flap.

Eighteen (38%) patients underwent an operation to
treat SSI/WC in the previous radiation group (nine
(19%) for wound complication and nine (19%) for infec-
tion), and 12 (22%) in the group of patients with no pre-
vious radiation (eight (15%) for wound complications and
four (7%) for infection). This difference was statistically
significant (p =0.049). The overall cumulative incidence
of re-operation for SSI/'WC was 27% (19-37%), 31%
(21-41%), and 36% (25-48%) for all patients at 12, 24,
and 60 months respectively. The cumulative incidence of
re-operation for SSI/WC was 36% (22-50%), 36% (22—
50%), and 48% (27—67%) for patients with previous radi-
ation and 20% (10-32%), 26% (14-39%) and 26% (14—
39%) for patients without previous radiation and at the
same times (Fig. 1). This difference was statistically sig-
nificant (p = 0.049).
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Univariable regression Cox models found previous ra-
diation (HR =1.8 (0.88-3.8); p =0.1), arteriopathy (HR =
7.6 (1.7-34); p =0.0073), location at lower limb (HR =
2.6 (1.0-6.8); p =0.048), and the use of a flap (HR =4.1
(1.6—-11); p =0.0042) associated with the higher risk of
being operated on for an SSI/WC. Variable selection in
the multivariable regression Cox models retained previous
radiation (HR=2.1 (1.0-4.6); p =0.049), arteriopathy
(HR=13 (2.6-68); p =0.012), location at the lower limb
(HR 2.3 (0.88-6.2); p =0.09) and the use of a flap (HR =
4.3 (1.6-12); p =0.0048) as important predictors signifi-
cantly associated with a higher risk of being operated on
for an SSI/WC (Table 3).

However, we found no difference with regard to local re-
currence between both groups. The overall cumulative inci-
dence of local recurrence was 6% (3—12%), 13% (8-21%),
27% (18-37%), and 41% (30-51%) for all patients at three,
six, 12, and 24 months respectively; p = 0.93.

Discussion

Adjuvant radiotherapy is frequently used for treating patients
with a STS [22] because it is associated with a significant
reduction in risk of local recurrence [11, 12]. However, it is
also associated with significant morbid complications at the
time of the index surgery and potentially also at the time of
treating a local recurrence. In some cases, when surgeons de-
cided on adjuvant radiation, they face the risk of having to
deal, later, with a local recurrence in an irradiated field. We
therefore compared the treatments and wound complications
in two groups of locally recurrent patients: one who had been
treated with EBRT at the time of the previous surgery and one
who never had EBRT.

Our work found a strong association, with a 40% in-
crease at two years, between the use of EBRT and the
occurrence of a SSI/WC, should a local recurrence occur
and be operated on. EBRT is a known risk factor of SSI/
WC at the time of index surgery [4—16]. The literature is,
however, poor regarding the effect of previous radiation
on the outcome of surgically treated local recurrence.
Trovic et al. [5], in a retrospective study of 205 local
recurrences based on the Scandinavian Sarcoma Group
Register between 1987 and 1995, did not find an associ-
ation between radiation and SSI/WC after recurrence sur-
gery. However, only 18% of patients had previous radia-
tion to treat the initial tumour, compared to 47% in our
series, which could explain the limited power of their
study. Numerous reasons can be proposed to explain the
deleterious effect of previous EBRT on the occurrence of
a SSI/WC. First, EBRT increases local tissue inflamma-
tion [6]. It impairs division of endothelial cells, fibro-
blasts, and keratinocytes, leading to a delay in wound
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Table 2  Patient’s medical and surgical data for the first recurrence of sarcoma
Variables All patients (n=103) Patients with previous Patients without previous p values
radiation (n =48 (47%)) radiation (n =55 (53%))

Diagnosis

Myxofibrosarcoma 26 (25%) 2 (4%) 17 (31%)

Liposarcoma 12 (12%) 9 (19%) 10 (18%)

Leiomyosarcoma 19 (18%) 9 (19%) 10 (18%)

Synovial sarcoma 7 (7%) 5 (10%) 2 (4%)

Extra skeletal osteosarcoma 6 (6%) 2 (4%) 4 (7%)

Malignant fibrous histiocytoma 2 (2%) 1 2%) 1 (2%)

Rhabdomyosarcoma 2 (2%) 2 (4%) 0

Angiosarcoma 1 (1%) 0 1 2%)

Fibrous solitary tumor 1 (1%) 0 1 (2%)

Unclassed sarcoma 27 26%) 18 (38%) 9 (16%)
Recent metastasis 4 (4%) 3 (6%) 1 (2%) 0.34
Adjuvant radiation 33 (32%) 6 (13%) 27 (49%) <0.001
Adjuvant chemotherapy 14 (14%) 12 (25%) 2 (4%) 0.003
Location 0.40
Lower limb 70 (68%) 35 (73%) 35 (64%)

Upper limb 33 (32%) 13 (27%) 20 (36%)

Surgery type 0.02
Limb-sparing surgery 85 (83%) 35 (73%) 50 (91%)

Amputation 18 (17%) 13 (27%) 5 (9%)
Recurrence grading 0.02
1 18 (18%) 3 (6%) 15 (27%)

2 20 (19%) 10 21%) 10 (18%)

3 65 (63%) 35 (73%) 30 (55%)
Recurrence margins 0.18
RO 77 (75%) 39 (81%) 38 (69%)

R1 26 (25%) 9 (19%) 17 (31%)

R2 0 0 0
Recurrence depth 0.002
Deep 90 (87%) 47 (98%) 43 (78%)

Superficial 13 (13%) 1 2%) 12 (22%)
Recurrence size (cm median (Q1;Q3)) 4 (2-8) 4 (3-8) 4 (2-9) 0.58
Use of a flap 8 (8%) 5 (10%) 3 (5%) 0.47

healing. Secondly, EBRT causes ineffective angiogenesis
and decreases tissue oxygenation [23]. Finally, radiation
therapy, associated with limb-sparing surgery, disturbs the
lymphatic network, especially for lower limb, increases
the risk of developing a seroma, and a subsequent infec-
tion [4]. These effects persist indefinitely over time [24].
Plastic surgeons found that the rate of flap failure on ir-
radiated fields is more important if radiation occurred
more than 1 year before the flap, than if radiation oc-
curred more recently [24]. A histological exam of these
flaps confirmed this result by showing a significant reduc-
tion of vascularization and a significant decrease of the
mean capillary lumen. Marre et al. have confirmed this

result [6]. This is probably due to the long-term toxic
impact of EBRT during many years.

We also found that amputation was significantly asso-
ciated with previous use of EBRT. There was three times
more amputation for treating the local recurrence in an
irradiated field. Overall, the total amputation rate in the
present series (17%) is, however, comparable with the
literature [5—8]. Some reasons can be offered to explain
this aggressive surgical choice. First and foremost, care
providers may be reluctant to offer complex conservative
surgery in a previous irradiated field if they think it is
bound to fail, which experience and the present findings
suggest (see paragraph above). Second, surgical resection
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Fig. 1 The cumulative incidence
of re-operation for SS/WC

0.8

0.6

Cumulative probability of SSI/WC

all patients
previous radiation

no previous radiation

in an irradiated field is more likely to require a soft tissue
reconstruction (twice as many in our series), for which all
surgeons or centres do not have the necessary experience.
Therefore, for equivocal cases, surgeons may opt for an
amputation rather than organizing a complex salvage limb
operation. Last patients with previous radiation may have
had tumours which were initially more frequently close to
a fixed structure (bone, vessels, nerve). Therefore, recur-
rences in the radiation group could also be closer to fixed
structures and therefore more likely to require an amputa-
tion [15].

Regression models found numerous variables, apart from
previous radiation, associated with the occurrence of SSI/WC:
arteriopathy (HR = 13), location at lower limb (HR =2.3), and
the use of a flap (HR =4.3) associated with the risk of SSI/
WC. O’Sullivan [16] as well as Morre [4] reported that lower
limb sarcoma were more likely to be associated with SSI/WC.
The disruption of a less redundant lymphatic network and of
more voluminous tumours could be an explanation [4].
Arteriopathy seems to increase considerably the rate of SSI/
WC. Also, Mouthon et al. suggest that irradiation transforms
resting endothelial cells to a proadhesive surface for platelets,

T T T T 1
12 24 36 48 60

Time (months)

which could ultimately lead to thrombosis [25]. However,
because of the small number of patients with an arteriopathy
in our series, readers should extrapolate this result with cau-
tion. The use of a flap was significantly associated with the
risk of SSI/WC in our study and should be interpreted as a
confounding factor, with patients at high risk of SSI/WC more
likely to benefit from soft tissue reconstruction [6].

Our study presents some limitations. Patient selection
could explain some of the differences observed. Indeed, pa-
tients initially selected for EBRT probably differ from those
being denied this adjuvant. However, the effects of radiation
on surrounding tissues (which cause surgical site infections
and wound complications) are the same for all patients, and
heterogeneity would have a limited role in explaining the
present results. Second, given the number of patients included,
we cannot rule out that some significant predictors were
missed. However, significant findings are not affected by the
number of patients, if only to emphasize the strength of these
associations. Last, this study is comparative but not random-
ized. Although ideally this would eliminate selection biases, it
is not feasible given the timing between radiation and the local
recurrence.

Table 3 Univariable and

multivariable regression model Variable Univariable Multivariable
(Cox)
HR (95% CI) p value HR (95% CI) p value
Arteriopathy (yes) 7.6 (1.7-34) 0.0073 13 (2.6-68) 0.012
Site (lower limb) 2.6 (1-6.8) 0.048 2.3 (0.88-6.2) 0.09
Use of a flap (yes) 4.1 (1.6-11) 0.0042 4.3 (1.6-12) 0.0048
Previous radiation (yes) 1.8 (0.88-3.8) 0.1 2.1(1.0-4.6) 0.049
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Conclusion

Previous radiation is associated with an increased risk of am-
putation and reoperation for SSI/WC when treating a local
recurrence. Patients that are more at risk are those with known
arteriopathy. This information should be accounted for when
deciding for the use of radiation when its oncologic effects are
thought to be marginal.
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This retrospective study was conducted in accordance with the
International Ethical Guidelines and Declaration of Helsinki
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