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Simple Summary: Soft tissue and bone sarcomas are a diverse group of aggressive tumors. Lately,
the shift in their management, with an emphasis on limb salvage, has deemed the involvement
of reconstructive surgeons an integral part of their multidisciplinary treatment. We present our
experience with 90 free and pedicled free tissue transfers in the reconstruction of sarcomas at a major
sarcoma center over a 5-year period: diabetes, alcohol consumption and male gender were associated
with increased wound healing problems, preoperative chemotherapy significantly increased the
occurrence of early infection, while preoperative radiotherapy was associated with a higher incidence
of lymphedema. Reconstructive surgery with either pedicled or free tissue transfer after sarcoma
resection is reliable, but a higher complication rate is to be expected with neoadjuvant therapy and
with certain comorbidities.

Abstract: Background: Soft tissue and bone sarcomas are heterogeneous groups of malignant tumors.
The shift in their management, with an emphasis on limb salvage, has deemed the involvement
of reconstructive surgeons an integral part of their multidisciplinary treatment. We present our
experience with free and pedicled flaps in the reconstruction of sarcomas at a tertiary referral
university hospital and major sarcoma center. Materials and Methods: All patients undergoing flap
reconstruction after sarcoma resection over a 5-year period have been included in the study. Patient-
related data and postoperative complications were collected retrospectively, ensuring a minimum
follow-up of 3 years. Results: A total of 90 patients underwent treatment with 26 free flaps and
64 pedicled flaps. Postoperative complications occurred in 37.7% of patients, and the flap failure
rate was 4.4%. Diabetes, alcohol consumption and male gender were associated with increased
early necrosis of the flap. Preoperative chemotherapy significantly increased the occurrence of early
infection and late dehiscence, while preoperative radiotherapy was associated with a higher incidence
of lymphedema. Intraoperative radiotherapy was associated with late seromas and lymphedema.
Conclusions: Reconstructive surgery with either pedicled or free flaps is reliable, but it can be
demanding in the setting of sarcoma surgery. A higher complication rate is to be expected with
neoadjuvant therapy and with certain comorbidities.

Keywords: sarcoma; soft tissue; bone; reconstructive surgery; free and pedicled flap; neoadjuvant
and adjuvant therapy

1. Introduction

Soft tissue and bone sarcomas are a heterogeneous group of malignant tumors originat-
ing from mesenchymal cells. The European incidence for soft tissue sarcomas is evaluated
at 4.7 per 100,000 per year, with 50–60% occurring in the extremities, while bone sarcomas
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account for 0.8 per 100,000 per year [1,2]. Modern treatment strategies in extremity sar-
comas emphasize limb preservation since available data showed no difference in overall
or disease-free survival when comparing patients undergoing limb salvage or amputa-
tion [3,4]. Therefore, the involvement of plastic and reconstructive surgeons has become an
integral part of the multidisciplinary treatment of these complex cases, with reconstruction
being required for many extremity sarcomas treated with limb preservation surgery [5–10].
The need for soft tissue reconstruction after primary resection of soft tissue sarcomas
has been reported in the literature up to 33–47% of the patients, while the need for soft
tissue reconstruction after previously unplanned resections of soft tissue sarcomas vary
between 47–89% of the patients in specialized sarcoma centers [11–13]. When loco-regional
flaps are deemed insufficient, free microsurgical transfers are needed to ensure a limb-
preserving approach.

As previously reported by Slump et al., the use of flaps increases the complexity of the
procedure but does not increase postoperative complications [14]. Moreover, no differences
were reported when comparing complications between patients undergoing reconstruction
with pedicled or free flaps [15]. Nevertheless, there are multiple variables that might
influence the outcome of the reconstruction, such as (neo)adjuvant therapy, age, body mass
index (BMI) and other comorbidities [16–19]. Especially in the cases where neoadjuvant
therapy is employed, free tissue transfer is preferred since nonirradiated tissue is brought
into the defect, and usually, the anastomoses are performed outside the irradiation field.

In this study, we present our experience with free and pedicled flaps in the reconstruc-
tion of soft tissue and bone sarcomas over a 5-year period at a tertiary referral university
hospital and sarcoma center.

2. Materials and Methods

All patients undergoing flap reconstruction after sarcoma resection between January
2014 and December 2018 in the Department of Plastic and Reconstructive Surgery, Uni-
versity Hospital in Bern, Switzerland, were included in this study in order to ensure a
minimum follow-up of 3 years. The following patient-related data were retrospectively
collected for each patient: age at the time of surgery, gender, American Society of Anaes-
thesiologists (ASA) classification, alcohol consumption, smoking status, body mass index
(BMI), medical comorbidities (high blood pressure, diabetes mellitus, heart failure, coronary
artery disease, cardiac arrhythmias and others), tumor characteristics (soft tissue/bone sar-
coma, location, maximal diameter), surgical details (type of referral—primary/recurrence,
type of flap), the use of neoadjuvant and adjuvant therapy (radiotherapy and/or chemother-
apy), intraoperative radiotherapy (IORT) and disease outcome (local recurrence and distant
metastasis). The choice of the pedicled or free flap was individualized. Usually, patients
with neoadjuvant radiotherapy and extensive tumors underwent reconstruction with a free
flap and the anastomoses were performed, when possible, outside of the radiation field.

All postoperative complications, especially regarding flap failures, were recorded. The
surgical site complications (infection, partial flap necrosis, hematoma, seroma, dehiscence
and others) were divided into early and late complications, depending on whether they
ensued before or after 30 days postoperatively. Complications appearing early and lasting
past the 30th postoperative day were still considered early complications. Moreover, major
complications were defined as events requiring revision surgery, while minor complica-
tions were treated conservatively. Differences in patients with and without postoperative
complications were assessed with the student’s t-test or the Mann-Whitney U test for the
continuous variables, depending on data distribution, while Pearson’s χ2 test and Fischer’s
exact test were conducted for the categorical variables. Statistical analysis was performed
using SPSS 23.0 (SPSS Inc., Chicago, IL, USA).
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3. Results
3.1. Patient and Tumor Characteristics

Out of the 202 patients undergoing sarcoma resection over the course of 5 years,
90 patients required reconstruction with either a pedicled or free flap, excluding patients
with atypical lipomatous and cartilaginous tumors. These tumors, although strictly speak-
ing, are malignant, behave more like benign tumors and, therefore, seldom require ra-
diation and reconstructive surgery. Patients and tumor characteristics are presented in
Tables 1 and 2. The median age of the included patients was 58.5 years, ranging from 11 to
87 years old. Most of the patients (85.6%) presented with a primary tumor, while 13 patients
were referred with recurrent sarcoma. Tumor maximal diameter had a median of 8.35 cm
(range 1–26 cm). Eighty-five patients (94.4%) had at least one comorbidity, with arterial
hypertension being the most common comorbidity (44.4% of the patients), followed by
coronary heart disease (10% of the patients). Alcohol consumption was reported by 24.4%
of the patients, while active smoking was recorded by 31.1% of the patients. There were
78 patients with soft tissue sarcomas, while the most common location of the sarcomas was
the lower extremity (42.2%), followed by the trunk (30%). Among the soft tissue sarcomas,
seven skin sarcomas were recorded (5 cases of dermatofibrosarcoma protuberans and
2 cases of pleomorphic dermal sarcomas). Out of the 12 bone sarcomas, 8 were osteosarco-
mas, 1 was Ewing sarcoma, while the rest were represented by chondrosarcomas. Neoadju-
vant therapy was recorded in 39 patients (43.3%), with neoadjuvant radiotherapy being
the most frequent one (25 patients—27.8%). The median time between neoadjuvant ra-
diotherapy and surgery was 32 days (range of 17–48 days). Intraoperative radiotherapy
was applied in 54 patients (60%), with a standard dose of 10 Grays. Adjuvant therapy was
reported in 43 patients (47.8%).

Table 1. Patients’ characteristics.

Characteristic N (%)

Gender
Female 42 (46.7)

Male 48 (53.3)

BMI
<30 kg/m2 70 (77.8)

≥30 kg/m2 20 (22.2)

ASA

1 4 (4.4)

2 38 (42.2)

3 43 (47.8)

4 5 (5.6)

Alcohol consumption
No 68 (75.6)

Yes 22 (24.4)

Smoking
No 62 (68.9)

Yes 28 (31.1)

Arterial hypertension
No 50 (55.6)

Yes 40 (44.4)

Diabetes
No 76 (84.4)

Yes 14 (15.6)

Heart failure
No 85 (94.4)

Yes 5 (5.6)

Coronary heart disease
No 81 (90)

Yes 9 (10)
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Table 1. Cont.

Characteristic N (%)

Cardiac Arrhythmias
No 85 (94.4)

Yes 5 (5.6)

Peripheral arterial occlusive disease
No 89 (98.9)

Yes 1 (1.1)

Chronic venous insufficiency
No 85 (94.4)

Yes 5 (5.6)

COPD/Asthma
No 83 (92.2)

Yes 7 (7.8)
BMI body mass index, COPD chronic obstructive pulmonary disease.

Table 2. Tumor characteristics.

Type of sarcoma Bone 12 (13.3)

Soft tissue 78 (86.7)

Sarcoma location Head & Neck 8 (8.9)

Trunk 27 (30)

Upper extremity 17 (18.9)

Lower extremity 38 (42.2)

Neoadjuvant therapy 39 (43.3)

Chemotherapy 13 (14.4)

Radiotherapy 26 (28.9)

Combined radio- and
chemotherapy 1 (1.1)

Intraoperative radiotherapy No 36 (40)

Yes 54 (60)

Adjuvant therapy 43 (47.8)

Chemotherapy 17 (18.9)

Radiotherapy 24 (26.7)

Combined radio- and
chemotherapy 2 (2.2)

There were 26 free flaps and 64 pedicled/loco-regional flaps, as outlined in Table 3.
The most common pedicled flaps were the vertical rectus abdominis muscle (VRAM) and
medial gastrocnemius flap, while the most common free flaps were the antero-lateral thigh
(ALT), latissimus dorsi myocutaneous and gracilis muscle flap. All bone flaps were free
flaps, represented by three fibula-free flaps and one calcaneus-free flap. Two free flaps
recorded vascular compromise with postoperative thrombosis, out of which one was saved
(lateral arm flap). The lost gracilis muscle flap was replaced by another free gracilis muscle
flap, with subsequent uncomplicated healing. There were three flap failures in the pedicled
flap group: a VRAM flap for the thigh, a supraclavicular flap for the head and neck region,
and a propeller flap for the lower extremity. While the defect left by the debridement of
the first flap was managed through local muscle flaps, the second one needed a free ALT
flap for definitive wound closure. The defect left after the removal of the propeller flap was
closed in the end with a skin graft. Overall, with one free flap and three pedicled flaps lost,
the flap failure rate was 4.44%. There was no statistically significant difference in tumor
size between the patients undergoing reconstruction with a pedicled or free flap.
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Table 3. Flap types were performed for reconstruction after soft tissue and bone sarcoma resections.

Flap Type Pedicled Flaps Free Flaps

Fasciocutaneous 25 19 6

Muscle 22 17 5

Musculocutaneous 39 28 11

Bone 4 0 4

3.2. Postoperative Complications

Thirty-four patients (37.7%) recorded postoperative complications. Early complica-
tions ensued in 18 patients (20%), while late complications were recorded in 26 patients
(28.9%), with ten patients having both early and late complications. Early complications of
the donor side were represented by necrosis, bleeding and seroma, with the latter one being
the most cumbersome. The 2 cases of seroma ensued at the harvesting site of latissimus
dorsi myocutaneous flaps, and in both cases, a surgical revision was required. The most
common early recipient site complication was partial flap necrosis, ensuing in 6 patients,
out of which four had to undergo revision surgery. Infection was the second most common
early recipient site complication, being recorded in 6 patients, with 5 of them requiring re-
vision surgery. Late donor site complications included infection, seroma and lymphedema,
with the former being the most frequent. Surprisingly, late complications of the recipi-
ent site surpassed the number of early complications. Wound dehiscence was the most
common one, with 6 out of the 11 patients requiring revision surgery. Lymphedema was
reported as a minor complication in 10 patients, while infection developed in 9 patients,
with 6 of them recording a major complication. A more detailed description of the early
and late complications of the donor and recipient site is presented in Table 4. Table 5 lists
the complication rates based on the type of flap that was used. However, we did not find
any significant differences in whether a free flap or a pedicled flap was used. Moreover,
sarcoma location also did not seem to influence the complication rates.

Table 4. Early and late postoperative complications of the donor and recipient site.

Complications All (%) Minor (%) Major (%)

Early complications 18 patients (20)

Donor site

Infection - - -

Necrosis 1 (1.1) 1 (1.1) -

Bleeding/Hematoma 1 (1.1) 1 (1.1) -

Seroma 2 (2.2) - 2 (2.2)

Wound dehiscence - - -

Recipient site

Infection 6 (6.7) 1 (1.1) 5 (5.6)

Partial flap necrosis 7 (7.7) 3 (3.3) 4 (4.4)

Bleeding/Hematoma 4 (4.4) 2 (2.2) 2 (2.2)

Seroma 2 (2.2) - 2 (2.2)

Wound dehiscence 4 (4.4) 1 (1.1) 3 (3.3)
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Table 4. Cont.

Complications All (%) Minor (%) Major (%)

Late complications 26 patients (28.9)

Donor site

Infection 3 (3.3) 2 (2.2) 1 (1.1)

Bleeding/Hematoma - - -

Seroma 2 (2.2) 2 (2.2) -

Lymphedema 1 (1.1) 1 (1.1) -

Wound dehiscence - - -

Recipient site

Infection 9 (10) 3 (3.3) 6 (6.7)

Bleeding/Hematoma 1 (1.1) - 1 (1.1)

Seroma 6 (6.6) 3 (3.3) 3 (3.3)

Lymphedema 10 (11.1) 10 (11.1) -

Wound dehiscence 11 (12.3) 5 (5.6) 6 (6.7)

Table 5. Complication rates in free and pedicled flaps.

Free Flaps Pedicled Flaps

Early complications 6/26 (23.1%) 14/64 (21.9%)

Late complications 6/26 (23.1%) 21/64 (32.8%)

Overall complications 12/26 (46.2%) 28/64 (43.8%)

Flap failure rate 1/26 (3.8%) 3/64 (4.6%)

The presence of diabetes, alcohol consumption and male patients were associated
with increased early partial necrosis of the flap at the recipient site (28.6% vs. 4%, p = 0.011;
20% vs. 4.5%, p = 0.046 and 14.9% vs. 0%, p = 0.013, respectively), while flap failure
was significantly more common with alcohol consumption (20% vs. 0%, p = 0.002).
A BMI ≥ 30 kg/m2 was significantly associated with a higher overall complication rate:
70.6% compared to 43.1% in patients with a BMI < 30 kg/m2 (p = 0.041).

When looking at tumor characteristics, bone sarcomas were associated with a higher
rate of late complications: 58.3% compared to 24.4% in soft tissue sarcomas (p = 0.034).
Neoadjuvant therapy also appeared to increase the complication rate: preoperative
chemotherapy significantly increased the occurrence of early infection and late dehiscence
at the recipient site (21.4% vs. 4%, p = 0.047 and 35.7% vs. 6.7%, p = 0.008, respectively),
while preoperative radiotherapy was associated with a higher incidence of lymphedema
of the recipient site (23.1% vs. 6.3%, p = 0.023). Patients with intraoperative radiotherapy
recorded late seromas in 11.3% of the cases, while the other patients did not have this com-
plication (p = 0.037). Moreover, lymphedema of the recipient site was also more frequent
in patients receiving intraoperative radiotherapy (16.7% vs. 2.8%, p = 0.04). Patients with
early complications (up to 30 days postoperatively) had a significant delay until the start of
postoperative radiotherapy: 88 days (range 41–147 days) vs. 53 days (range 10–83 days),
p = 0.017. A more detailed description of the complications, based on the chemother-
apy regimen is presented in Table 6. Table 7 depicts a more detailed description of the
complications at the recipient site based on radiotherapy regimen (adjuvant radiotherapy
refer mostly to adjuvant radiotherapy, either immediate, such as IORT, or late standard
postoperative radiotherapy, including therefore IORT alone, IORT with postoperative ra-
diotherapy and postoperative radiotherapy alone). The one case with preoperative, IORT
and postoperative radiotherapy is not included in the table, but this patient did not have
any postoperative complications.
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Table 6. Complications at the recipient site based on the chemotherapy regimen.

No Chemotherapy Neoadjuvant
Chemotherapy

Adjuvant
Chemotherapy

Combined Neoadjuvant and
Adjuvant Chemotherapy

Early complications 8/68 (11.8%) 2/3 (66.7%) 0/8 (0%) 1/11 (9.1%)

Late complications 14/68 (20.6%) 2/3 (66.7%) 1/8 (12.5%) 3/11 (27.3%)

Overall complications 17/68 (25%) 2/3 (66.7%) 1/8 (12.5%) 4/11 (36.4%)

Table 7. Complications at the recipient site based on radiotherapy regimen.

Neoadjuvant Radiotherapy
and IORT

Adjuvant
Radiotherapy No Radiotherapy

Overall complications 8/26 (30.8%) 9/31 (29%) 7/31 (22.6%)

Early complications 3/26 (11.5%) 4/31 (12.9%) 4/31 (12.9%)

Infection 2/26 (7.7%) 2/31 (6.5%) 2/31 (6.5%)

Necrosis 1/26 (3.8%) 3/31 (9.7%) 3/31 (9.7%)

Bleeding/Hematoma 2/26 (7.7%) 1/31 (3.2%) 1/31 (3.2%)

Seroma 1/26 (3.8%) 1/31 (3.2%) 0/31 (0%)

Wound dehiscence 1/26 (3.8%) 1/31 (3.2%) 2/31 (6.5%)

Late complications 7/26 (27%) 8/31 (25.8%) 5/31 (16.1%)

Infection 4/26 (15.4%) 3/31 (9.7%) 2/31 (6.5%)

Bleeding/Hematoma 1/26 (3.8%) 0/31 (0%) 0/31 (0%)

Seroma 3/26 (11.5%) 3/31 (9.7%) 0/31 (0%)

Lymphedema 6/26 (23.1%) 3/31 (9.7%) 1/31 (3.2%)

Wound dehiscence 4/26 (15.4%) 2/31 (6.5%) 4/31 (12.9%)

3.3. Disease Outcome

A local recurrence was detected in 11 patients (12.2%), with only one of the patients
having a pathologically confirmed R1 resection during the initial operation, due to a skip
lesion. There were no statistically significant differences in the minimal clear margins
between patients with and without a local recurrence (3 mm median value/64 mm mean,
0–17 mm range, and 4 mm medial value/63 mm mean, 1–40 mm range, respectively).
However, 10 of the patients had a high-grade tumor. Distant recurrence was diagnosed in
32 patients (35.6%), out of which 23 were locally disease free. 6 patients underwent palliative
care, while the rest had multimodality treatment with radiotherapy, chemotherapy, surgery,
or a combination of them. At the 3-year follow-up, 19 patients (21.2%) died due to the
progression of the disease, while 4 patients died due to other reasons. 14 patients (15.6%)
were alive with disease, while the rest of the patients (53 patients—58.9%) were alive
without disease.

4. Discussion

Soft tissue and bone sarcomas are rare malignant tumors that arise from mesenchymal
cells, most commonly affecting the extremities. Amputation was previously thought to be
the best treatment when considering local recurrence and survival rates in this localization.
However, improvements in (neo)adjuvant radiotherapy, imaging and surgical technique,
together with an enhanced emphasis on multidisciplinary approach have paved the path
to improvements in the treatment of sarcomas. Preoperative, neoadjuvant radiotherapy,
potentially combined with IORT, is currently preferred over postoperative radiotherapy
due to the lower dose of radiation and the reduction of the radiation volume [20]. More-
over, reconstructive surgery could allow a higher radiation dosage when it is known that
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afterwards, healthy, nonirradiated tissue will be employed for coverage. However, an
individualized decision should pe taken in every sarcoma patient when discussing pre-
versus postoperative radiotherapy. Nonetheless, in the setting of reconstructive therapy
when flaps are required after sarcoma resection, preoperative radiotherapy is known to
be associated with a higher rate of wound complications that could delay recovery and
perhaps compromise further recommended treatment [7,16–18,21–24]. Interestingly, our
study did not identify an association between preoperative radiotherapy and early wound
complications, as would be expected based on current literature. However, we recorded
a higher rate of complications arising after the 30th postoperative day, defined as late
complications. Specifically, lymphedema had a higher incidence in our cohort. It is im-
portant to mention that all patients with preoperative radiotherapy also underwent IORT.
Since lymphedema is usually reported after postoperative radiotherapy, pertaining to the
long-term group of complications, we looked closer at the 27 patients that underwent
preoperative radiotherapy. One of these patients received also postoperative radiotherapy
of a new detected skip lesion outside of the initial irradiation volume, therefore he was
excluded as a confounder when looking at the incidence of lymphedema. Lymphedema
is a major concern and can impact significantly the quality of life of sarcoma patients due
to the prolonged therapy and associated frequent infections [25]. However, data on the
effect of neoadjuvant radiotherapy and IORT and the incidence of lymphedema are scarce
and unclear [26]. Some recent attempts at using lymphatic surgery techniques to treat the
effects of lymphatic drainage disruption by sarcoma surgery have shown promising results:
soft tissue transfers with lymphatic tissue preservation, as well as lymphatic flow-through
flaps were employed [27]. Since our data suggests that patients receiving preoperative
therapy have an increased risk of lymphedema, it may be worthwhile considering surgical
lymphatic restoration techniques when reconstructing these defects in order to prevent its
appearance in the postoperative period.

Moreover, in our study, patients receiving IORT had a higher rate of late seroma at
the recipient site. While this complication hasn’t been frequently reported in the literature,
various authors point out to the possibility of increased late toxicity with IORT, despite the
high limb preservation rates with good functional results [21,28]. Additionally, with the
advent of protocol-based pre and postoperative chemotherapy, the cure rate of osteosarco-
mas and Ewing sarcomas is estimated to be over 60%, which is a clear improvement when
compared to the <20% value reported in the pre-chemotherapy era [1]. Nonetheless, this
type of neoadjuvant therapy is also associated with wound complications, such as wound
dehiscence and infections [29], paralleling the results of this study in which early infection
and late dehiscence at the recipient site were shown to be higher in patients receiving
preoperative chemotherapy.

When looking at comorbidities, diabetes is a well-known risk factor for wound healing
problems in the majority of free microsurgical procedures [30–32], as it was also reported
by other authors when looking specifically at sarcoma surgery [16,33,34]. We have also
observed a higher rate of early necrosis at the recipient site in these patients when compared
to patients without a history of diabetes: 28.6% vs. 4%. Moreover, in our study, obesity,
defined as a BMI ≥ 30 kg/m2, was also associated with a higher overall complication rate,
in holding with the results of other literature reports [14]. While in our series we did not
see an increased complication rate in patients with a history of smoking, we detected a
statistically significant higher flap failure rate in patients with active alcohol consumption,
which has not been reported yet in sarcoma surgery.

Free tissue transfer is often seen as a complex procedure linked to frequent complica-
tions due to the need to perform microvascular anastomosis, which would also increase
the patients’ anesthesia time. While it is true that it adds to the difficulty of the surgical
procedure itself, we also have to acknowledge the fact that pedicled, loco-regional flaps
might negatively influence the functional outcome of the reconstructed region, since the
tissue surrounding the sarcoma resection undergoes extensive dissection. Additionally, the
pedicles of loco-regional flaps may be located in areas subjected to radiotherapy and/or
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surgical manipulation during resection, adding to potential risks of flap compromise [24].
Our study did not identify any differences between free and pedicled flaps when looking
at complications and flap failures, similar to the results reported by other authors, consider-
ing them a safe and reliable reconstructive method. Slump et al. recorded postoperative
complications in 32% of the patients undergoing sarcoma resection and reconstruction with
pedicled flaps, while 38% of the patients undergoing reconstruction with free tissue transfer
displayed postoperative complications [15]. Reconstructive surgery after sarcoma resection
aims at maximizing functional outcome. However, a thorough preoperative counseling of
the patients is necessary in order for them to understand not only the risks, but also the
benefits of the recommended reconstructive techniques.

Local recurrence rates seem to correlate with the grade of the sarcoma, as recent
literature shows [35,36]. The 12.2% local recurrence rate recorded in our series seems to be
in line with those results, since 10 out the 11 patients with local recurrence had a high-grade
sarcoma. While there are studies in the literature describing recurrence rates as high as
39.8%, there are also studies reporting rates as low as 5%. However, the median maximal
diameter of the resected sarcomas (8.35 cm) in our patients is among the higher end of the
tumor sizes, so this might be an explanation for our results [35–37].

The limitations of our study consist in the limited number of patients and the retrospec-
tive design of the study. However, the relatively small number of patients is not unexpected
since bone and soft tissue sarcoma are a rare and heterogenous group that are treated only
in highly specialized centers like ours. Therefore, an underpowered multivariate logistic
regression analysis was purposely forgone.

5. Conclusions

While reconstructive surgery with either pedicled or free flaps can be demanding in
the setting of sarcoma surgery, our study shows good results compared to the available
literature. A higher complication rate is to be expected with neoadjuvant therapy and a
few well known comorbidities. Interestingly, our results draw attention to the association
between preoperative/intraoperative radiotherapy and late complications, such as lym-
phedema and seroma. These results could be helpful for pre-operative patient counselling
and the provision of accurate risk assessment when discussing reconstructive techniques in
sarcoma surgery.

Author Contributions: Conceptualization, I.L. and R.O.; methodology, I.L.; formal analysis, I.L.
and C.B.; investigation, C.B., I.A.H. and M.-A.P.; data curation I.L., C.B., I.A.H. and M.-A.P.;
writing—original draft preparation, I.L. and R.O.; writing—review and editing, I.L., C.B., I.A.H.,
M.-A.P., F.K., A.K., C.I., M.C., R.O.; supervision, R.O. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the Declaration of
Helsinki principles and was approved by the Bern Research Ethics Committees (ID 2020-02781).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy and ethical reasons.

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

References
1. Stiller, C.; Trama, A.; Serraino, D.; Rossi, S.; Navarro, C.; Chirlaque, M.; Zielonk, N.; Van Eycken, E.; Sundseth, H.; Hedelin, G.; et al.

Descriptive epidemiology of sarcomas in Europe: Report from the RARECARE project. Eur. J. Cancer 2013, 49, 684–695. [CrossRef]
[PubMed]

2. Morrison, B.A. Soft Tissue Sarcomas of the Extremities. In Baylor University Medical Center Proceedings; Taylor & Francis: London,
UK, 2003; Volume 16, pp. 285–290. [CrossRef]

https://doi.org/10.1016/j.ejca.2012.09.011
https://www.ncbi.nlm.nih.gov/pubmed/23079473
https://doi.org/10.1080/08998280.2003.11927915


Cancers 2023, 15, 2423 10 of 11

3. Bacci, G.; Ferrari, S.; Lari, S.; Mercuri, M.; Donati, D.; Longhi, A.; Forni, C.; Bertoni, F.; Versari, M.; Pignotti, E. Osteosarcoma
of the limb. Amputation or limb salvage in patients treated by neoadjuvant chemotherapy. J. Bone Jt. Surg. Br. 2002, 84, 88–92.
[CrossRef]

4. Rougraff, B.T.; Simon, M.; Kneisl, J.; Greenberg, D.; Mankin, H. Limb salvage compared with amputation for osteosarcoma of the
distal end of the femur. A long-term oncological, functional, and quality-of-life study. J. Bone Jt. Surg. Am. 1994, 76, 649–656.
[CrossRef] [PubMed]

5. Saebye, C.; Amidi, A.; Keller, J.; Andersen, H.; Baad-Hansen, T. Changes in Functional Outcome and Quality of Life in Soft
Tissue Sarcoma Patients within the First Year after Surgery: A Prospective Observational Study. Cancers 2020, 12, 463. [CrossRef]
[PubMed]

6. Dadras, M.; Koepp, P.; Wallner, C.; Wagner, J.; Sogorski, A.; Lehnhardt, M.; Harati, K.; Behr, B. Predictors of oncologic outcome in
patients with and without flap reconstruction after extremity and truncal soft tissue sarcomas. J. Plast. Reconstr. Aesthet. Surg.
2020, 73, 1239–1252. [CrossRef]

7. Suresh, V.; Gao, J.; Jung, S.; Brigman, B.; Eward, W.; Erdmann, D. The Role of Reconstructive Surgery After Skeletal and Soft
Tissue Sarcoma Resection. Ann. Plast. Surg. 2018, 80, S372–S376. [CrossRef]

8. Zeller, J.; Kiefer, J.; Braig, D.; Winninger, O.; Dovi-Akue, D.; Herget, G.; Stark, G.; Eisenhardt, S. Efficacy and Safety of Microsurgery
in Interdisciplinary Treatment of Sarcoma Affecting the Bone. Front. Oncol. 2019, 9, 1300. [CrossRef]

9. Erdmann, D.; Garcia, R.; Blueschke, G.; Brigman, B.; Levin, L.S. Vascularized fibula-based physis transfer for pediatric proximal
humerus reconstruction. Plast. Reconstr. Surg. 2013, 132, 281e–287e. [CrossRef]

10. Agrawal, N.; Wan, D.; Bryan, Z.; Boehmler, J.; Miller, M.; Tiwari, P. Outcomes analysis of the role of plastic surgery in extremity
sarcoma treatment. J. Reconstr. Microsurg. 2013, 29, 107–112. [CrossRef]

11. Traub, F.; Griffin, A.; Wunder, J.; Ferguson, P. Influence of unplanned excisions on the outcomes of patients with stage III extremity
soft-tissue sarcoma. Cancer 2018, 124, 3868–3875. [CrossRef]

12. Grimer, R.; Parry, M.; James, S. Inadvertent excision of malignant soft tissue tumours. EFORT Open Rev. 2019, 4, 321–329.
[CrossRef]

13. Wong, C.; Lam, Y.; So, Y.; Ngan, K.; Wong, K. Management of extremity soft tissue sarcoma after unplanned incomplete resection:
Experience of a regional musculoskeletal tumour centre. Hong Kong Med. J. Xianggang Yi Xue Za Zhi 2004, 10, 117–122. Available
online: https://pubmed.ncbi.nlm.nih.gov/15075432/ (accessed on 7 March 2023).

14. Slump, J.; Hofer, S.; Ferguson, P.; Wunder, J.; Griffin, A.; Hoekstra, H.; Bastiaannet, E.; O’Neill, A. Flap reconstruction does not
increase complication rates following surgical resection of extremity soft tissue sarcoma. Eur. J. Surg. Oncol. 2018, 44, 251–259.
[CrossRef]

15. Slump, J.; Hofer, S.; Ferguson, P.; Wunder, J.; Griffin, A.; Hoekstra, H.; Bastiaannet, E.; O’Neill, A. Flap choice does not affect
complication rates or functional outcomes following extremity soft tissue sarcoma reconstruction. J. Plast. Reconstr. Aesthet. Surg.
2018, 71, 989–996. [CrossRef]

16. Baldini, E.H.; Lapidus, M.; Wang, Q.; Manola, J.; Orgill, D.; Pomahac, B.; Marcus, K.; Bertagnolli, M.; Devlin, P.; George, S.; et al.
Predictors for major wound complications following preoperative radiotherapy and surgery for soft-tissue sarcoma of the
extremities and trunk: Importance of tumor proximity to skin surface. Ann. Surg. Oncol. 2013, 20, 1494–1499. [CrossRef]

17. O’Sullivan, B.; Davis, A.; Turcotte, R.; Bell, R.; Catton, C.; Chabot, P.; Wunder, J.; Kandel, R.; Goddard, K.; Sadura, A.; et al.
Preoperative versus postoperative radiotherapy in soft-tissue sarcoma of the limbs: A randomised trial. Lancet 2002,
359, 2235–2241. [CrossRef]

18. Spierer, M.; Alektiar, K.; Zelefsky, M.; Brennan, M.; Cordiero, P. Tolerance of tissue transfers to adjuvant radiation therapy in
primary soft tissue sarcoma of the extremity. Int. J. Radiat. Oncol. Biol. Phys. 2003, 56, 1112–1116. [CrossRef]

19. Kadle, R.; Motosko, C.; Zakhem, G.; Stranix, J.; Rapp, T.; Saadeh, P. Flap Reconstruction of Sarcoma Defects in the Setting of
Neoadjuvant and Adjuvant Radiation. J. Reconstr. Microsurg. 2019, 35, 287–293. [CrossRef]

20. Davis, A.M.; O’Sullivan, B.; Bell, R.; Turcotte, R.; Catton, C.; Wunder, J.; Chabot, P.; Hammond, A.; Benk, V.; Isler, M.; et al.
Function and health status outcomes in a randomized trial comparing preoperative and postoperative radiotherapy in extremity
soft tissue sarcoma. J. Clin. Oncol. 2002, 20, 4472–4477. [CrossRef]

21. Roeder, F.; Morillo, V.; Saleh-Ebrahimi, L.; Calvo, F.; Poortmans, P.; Albiach, C.F. Intraoperative radiation therapy (IORT) for soft
tissue sarcoma—ESTRO IORT Task Force/ACROP recommendations. Radiother. Oncol. 2020, 150, 293–302. [CrossRef]

22. Kungwengwe, G.; Clancy, R.; Vass, J.; Slade, R.; Sandhar, S.; Dobbs, T.; Bragg, T. Preoperative versus Post-operative Radiotherapy
for Extremity Soft tissue Sarcoma: A Systematic Review and Meta-analysis of Long-term Survival. J. Plast. Reconstr. Aesthet. Surg.
2021, 74, 2443–2457. [CrossRef] [PubMed]

23. Callaghan, C.M.; Hasibuzzaman, M.M.; Rodman, S.N.; Goetz, J.E.; Mapuskar, K.A.; Petronek, M.S.; Steinbach, E.J.; Miller, B.J.;
Pulliam, C.F.; Coleman, M.C.; et al. Neoadjuvant Radiotherapy-Related Wound Morbidity in Soft Tissue Sarcoma: Perspectives
for Radioprotective Agents. Cancers 2020, 12, 2258. [CrossRef]

24. Koulaxouzidis, G.; Schlagnitweit, P.; Anderl, C.; Braig, D.; Märdian, S. Microsurgical Reconstruction in Orthopedic Tumor
Resections as Part of a Multidisciplinary Surgical Approach for Sarcomas of the Extremities. Life 2022, 12, 1801. [CrossRef]
[PubMed]

25. Friedmann, D.; Wunder, J.; Ferguson, P.; O’Sullivan, B.; Roberge, D.; Catton, C.; Freeman, C.; Saran, N.; Turcotte, R. Incidence and
Severity of Lymphoedema following Limb Salvage of Extremity Soft Tissue Sarcoma. Sarcoma 2011, 2011, 289673. [CrossRef]

https://doi.org/10.1302/0301-620X.84B1.0840088
https://doi.org/10.2106/00004623-199405000-00004
https://www.ncbi.nlm.nih.gov/pubmed/8175811
https://doi.org/10.3390/cancers12020463
https://www.ncbi.nlm.nih.gov/pubmed/32079176
https://doi.org/10.1016/j.bjps.2020.03.008
https://doi.org/10.1097/SAP.0000000000001419
https://doi.org/10.3389/fonc.2019.01300
https://doi.org/10.1097/PRS.0b013e31829589fb
https://doi.org/10.1055/s-0032-1329920
https://doi.org/10.1002/cncr.31648
https://doi.org/10.1302/2058-5241.4.180060
https://pubmed.ncbi.nlm.nih.gov/15075432/
https://doi.org/10.1016/j.ejso.2017.11.015
https://doi.org/10.1016/j.bjps.2018.04.002
https://doi.org/10.1245/s10434-012-2797-1
https://doi.org/10.1016/S0140-6736(02)09292-9
https://doi.org/10.1016/S0360-3016(03)00200-1
https://doi.org/10.1055/s-0038-1675147
https://doi.org/10.1200/JCO.2002.03.084
https://doi.org/10.1016/j.radonc.2020.07.019
https://doi.org/10.1016/j.bjps.2021.05.043
https://www.ncbi.nlm.nih.gov/pubmed/34266806
https://doi.org/10.3390/cancers12082258
https://doi.org/10.3390/life12111801
https://www.ncbi.nlm.nih.gov/pubmed/36362956
https://doi.org/10.1155/2011/289673


Cancers 2023, 15, 2423 11 of 11

26. Wu, P.; Elswick, S.; Arkhavan, A.; Molinar, V.; Mohan, A.; Curiel, D.; Sim, F.; Martinez-Jorge, J.; Saint-Cyr, M. Risk Factors for
Lymphedema after Thigh Sarcoma Resection and Reconstruction. Plast. Reconstr. Surg. Glob. Open 2020, 8, e2912. [CrossRef]
[PubMed]

27. Scaglioni, M.; Meroni, M.; Fritsche, E.; Fuchs, B. Lymphatic Complications Prevention and Soft Tissue Reconstruction after Soft
Tissue Sarcoma Resection in the Limbs. Medicina 2022, 58, 67. [CrossRef]

28. Honig, R.L.; Tibbo, M.; Mallett, K.; Bakri, K.; Ahmed, S.; Petersen, I.; Rose, P.; Moran, S.; Houdek, M. Outcome of Soft-tissue
Reconstruction in the Setting of Combined Preoperative and Intraoperative Radiotherapy for Extremity Soft-tissue Sarcomas.
Anticancer Res. 2020, 40, 6941–6945. [CrossRef]
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