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Background: Secondary lymphedema can be a lifelong and debilitating conse-
quence of lower extremity oncologic resection and reconstruction. The goal of this
study was to identify risk factors for the development of lymphedema in patients
treated for thigh sarcoma.

Methods: A retrospective review analyzed all patients who underwent thigh sar-
coma resection and reconstruction by a plastic surgeon at the Mayo Clinic between
1997 and 2014. Patient demographics, tumor characteristics, surgical manage-
ment, adjunctive therapies, and complications of patients who did and did not
develop postoperative lymphedema were compared.

Results: A total of 148 patients were identified. Twelve percent of patients devel-
oped lymphedema postoperatively during an average follow-up of 26 months. Risk
factors for the development of lymphedema included defect location in the medial
thigh (P=0.04), arterial resection (P=0.001), arterial reconstruction (P=0.027),
and a history of cardiac disease (P = 0.03). Twenty-two percent of patients who
developed lymphedema also experienced wound dehiscence compared with 4.6%
of patients without lymphedema (P = 0.02). There were no differences in age,
body mass index, smoking, history of deep venous thrombosis or venous stasis,
wound dimensions, or type of reconstruction performed in patients with and with-
out lymphedema.

Conclusions: Lymphedema is common following major oncologic resection.
Preexisting cardiac disease, tumor location in the medial thigh, and arterial resec-
tion and reconstruction were associated with a higher risk of postoperative lymph-
edema. Noninfectious wound dehiscence may be secondary to lymphedema or
represent an early indicator of patients who will ultimately develop lymphedema.
(Plast Reconstr Surg Glob Open 2020;8:¢2912; doi: 10.1097/GOX.0000000000002912;
Published online 23 July 2020.)

Soft-tissue sarcomas (STS) occur throughout the body,
but 40%—-60% of STS are found in the lower extremities,
with the majority of these in the thigh."” The management
of extremity STS has shifted away from amputation toward
limb-sparing functional resections and multimodal ther-
apy. Retrospective and prospective randomized studies of
STS showed no significant difference in psychologic and
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quality of life outcomes between amputation and limb sal-
vage in the long term; however, patients who experienced
complications reported decreased quality of life and func-
tion at 2 years.”” The complications of lower extremity
reconstruction for sarcoma have been well described’';
however, there is a paucity of literature assessing lymph-
edema as the primary outcome. Lymphedema is a poten-
tial complication of limb salvage for STS and may confer
severe, permanent disability.'* "

Proper patient education and selection are paramount
to establishing realistic expectations and achieving optimal
outcomes with limb salvage. It is important to understand
the risks and benefits of limb-preserving treatment strat-
egies; so patients can have an informed discussion with
their physicians regarding the best management strategy.
The goal of this study was to characterize the risk factors
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for lymphedema in patients with thigh sarcoma resection
and reconstruction. This will help identify patients pre-
operatively who are at a higher risk of developing lymph-
edema, which may guide the decision-making process.

After institutional review board approval, a retrospec-
tive review of all patients with thigh STS defects recon-
structed by the Division of Plastic Surgery at Mayo Clinic
(Rochester, Minn.) from 1997 to 2014 was conducted.
Patients for whom plastic surgery was consulted to man-
age wound complications were omitted because this
represented a different patient population and certain
reconstructive options may no longer be available. Those
patients with preexisting lymphedema were also excluded.
The diagnosis was made by one of the treating surgeons,
and affected patients were generally referred to their local
lymphedema specialist. Patients who developed postop-
erative lymphedema were grouped and compared with
those who did not develop lymphedema.

Age, sex, comorbidities, wound characteristics (includ-
ing tumor location, tumor size, and exposure of critical
structures), chemotherapy, radiotherapy, reconstructive
procedure, and complications were analyzed. All defects
were categorized by anatomical location into anterior, pos-
terior, medial, or lateral thigh as well as proximal, mid,
or distal thigh. When a defect spanned more than one
area, the wound was classified by where the majority of
the defect was located. Reconstructive procedures were
categorized into 6 groups: primary closure, skin grafts,
local thigh fasciocutaneous flaps, local thigh muscle
flaps, regional (non-thigh) flaps, and free flaps. To assess
whether different radiation strategies affected the devel-
opment of lymphedema, patients were categorized into 4
groups: no radiation, neoadjuvant radiation, intraopera-
tive radiation, and/or adjuvant radiation. Operative notes
were reviewed to determine if vascular structures were
resected or reconstructed. Descriptive statistics and ¢ tests
were performed with significance defined as a P value of
<0.05. Fisher exact tests and odds ratios were calculated
for identified risk factors.

A total of 161 patients were initially identified during
the study period. Thirteen patients demonstrated pre-
existing lymphedema, presumed to be secondary to the
tumor or associated treatment effects of chemotherapy
and/or radiation, and were thus excluded. Tumors in
these patients were fairly equally distributed throughout
the thigh except relatively few were in the lateral thigh
(Table 1). Of the remaining 148 patients, the average
age was 57.4 years (range, 14-94) and the average body
mass index was 28.9. The histologic subtypes of sarcoma
in these patients are listed in Table 2. A total of 29.3%
of patients had surgery for a recurrent tumor. Eighteen
(12.2%) patients developed lymphedema after thigh sar-
coma treatment (Figs. 1-2). The average time to lymph-
edema onset was 3.7 months. Patients with lymphedema
were followed for an average of 44.1 months versus those
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Table 1. Location of Tumor in Patients with Preexisting
Lymphedema

Vertical Location Horizontal Location within the Thigh

within the Thigh Anterior Medial Posterior  Lateral
Proximal third (n =5) 2 3 — —
Middle third (n = 5) 1 1 2 1
Distal third (n = 3) 1 — 2 —

Table 2. Histologic Subtypes of Sarcomas

Histology No. Patients (%)
Malignant fibrous histiocytoma 38 (25.9)
Liposarcoma 25 (17.0)
Synovial sarcoma 10 (6.8)
Chondrosarcoma 4 (2.7)
Rhabdomyosarcoma 2 (1.4)
Osteosarcoma 3 (2.0)
Angiosarcoma 2 (1.4)
Dermatofibrosarcoma protuberans 2 (1.4)
Other 61 (41.5)

without lymphedema 23.6 months (P< 0.05). The rates of
lymphedema were fairly consistent throughout the study
period; most years had 0-2 patients who were diagnosed
with lymphedema with 3 patients being diagnosed who
had surgery in 2000 and 4 who had surgery in 2011.

A summary of the potential risk factors for the develop-
ment of postoperative lymphedema in patients with and
without lymphedema can be found in Table 3.

Patients with lymphedema demonstrated a higher rate
of cardiac disease (including coronary artery disease, pre-
vious myocardial infarction, or congestive heart failure)
than those without lymphedema (odds ratio, 3.0; P=0.03).
Of the 7 patients in the lymphedema group, 4 patients had
congestive heart failure and 3 patients had coronary artery
disease. Echocardiogram data were available on only 1 of
the 3 patients with coronary artery disease and did show
some compromise of ejection fraction. It is possible that
the other 2 patients also had some compromised function
of their heart. In addition, coronary artery disease is likely
a marker of underlying peripheral vascular disease, which
may also impact the risk of developing lymphedema. In
the no lymphedema group, 9 patients had congestive
heart failure (CHF) and 7 patients had coronary artery
disease. Beyond this, there were no differences in the 2
groups with regard to demographics or comorbidities,
including rates of peripheral vascular disease, diabetes,
and smoking status.

In terms of tumor characteristics, there was a higher
rate of lymphedema associated with defect location in the
medial thigh, which was statistically significant (odds ratio,
2.81; P=0.04). There was a trend toward significance for
decreased risk of lymphedema in patients with lateral thigh
defects, but this did not reach statistical significance (odds
ratio, 0.08; P=0.08). There was no difference in the size of
defects or the type of reconstruction performed between
the lymphedema and no lymphedema groups. The depth
of tumor resection stratified by tumor location is shown
in Table 4. This shows that generally patients who develop
lymphedema have tumors located in the moderate to deep
depths, although this was not statistically significant.
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Fig. 1. Fifty-seven-year-old man with a history of retroperitoneal liposarcoma resected 8 years previously. He had an abdominal recur-
rence 2 years later and then a groin recurrence 3 years after that, both of which were excised. The patient underwent neoadjuvant and
intraoperative radiation therapy for the disease in the right groin. Three years later, the patient was diagnosed with recurrent right groin
liposarcoma. He underwent additional radiation before resection. Intraoperatively, the tumor was found to extend under the abdominal
wall, deep to the inguinal ligament, requiring excision of a portion of the external oblique aponeurosis and the inguinal ligament, result-
ing in bowel herniation. A, In addition, the common femoral artery and the proximal deep and superficial femoral arteries were resected
with the tumor. The femoral vein and nerve were exposed in the base of the wound but were intact. B, The femoral arteries were replaced
with an 8-mm Hemashield interposition graft between the distal external iliac and the superficial femoral artery, and the deep femoral
artery, including the lateral femoral circumflex branch, was replanted onto the posterior aspect of the interposition graft. After vascular
reconstruction, the patient underwent intraoperative radiation. C-F, To reconstruct the defect, including that in the abdominal wall, and
cover the femoral artery graft, the patient underwent a right rectus femoris pedicled rotational flap. Postoperatively, the patient required
readmission for cellulitis, which was treated conservatively with antibiotics. He was also found to have occlusion of the great saphenous
vein. The patient developed lymphedema within a few weeks after surgery. G, A 19-month postoperative photograph demonstrating

right lower extremity lymphedema.

Arterial resection and reconstruction were associated
with postoperative lymphedema (P = 0.001 and P=0.027,
respectively). Because arterial resection and reconstruc-
tion are dependent variables, it is intuitive that those
patients with reconstruction would still have lymphedema,
likely due to injury to the nearby lymphatics. However,
patients who underwent reconstruction had a lower rate
of lymphedema than those who did not undergo recon-
struction. No statistically significant association was

detected between venous resection or venous reconstruc-
tion and the development of postoperative lymphedema.
In reviewing the operative notes, lymphatic resection was
not described in any of the patients and no lymphatic
reconstruction was attempted.

Radiation did not affect the development of lymph-
edema. Overall, 86.5% of patients underwent radiation;
30.4% underwent some combination of neoadjuvant,
intraoperative, and adjuvant radiation (most were a

Fig. 2. A 51-year-old woman with a left medial mid-thigh sarcoma. A, preoperative photograph. B, She underwent neoadjuvant
chemotherapy and radiation and then tumor resection. The great saphenous vein was sacrificed because it traversed the tumor.
C, Reconstruction was completed with a freestyle superficial femoral artery perforator flap. D, The perforators can be seen on the
deep surface of the flap. The distal 10 cm of the flap was found to be ischemic on SPY angiography; so this portion was excised and
discarded. E, Given that additional tissue was needed, a keystone flap was designed using tissue from the anterolateral thigh. F, Final
inset of the perforator and keystone flaps. She developed left lower extremity lymphedema within a few months postoperatively. G,
A 7-month postoperative photograph. Two weeks later, she underwent scar revision and liposuction and debulking of the perforator

flap and the thigh.
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Table 3. Evaluation of Possible Risk Factors for the Development of Lymphedema after Thigh STS Resection

Lymphedema No Lymphedema
(n=18) (n =130) P
Demographics and comorbidities
Age (y) 57.4 56.3 0.81
BMI (kg/m?) 29.3 28.6 0.70
Male gender, n (%) 11 (61) 68 (52) 0.62
Smoking, n (%) 6 (33.3) 40 (30.8) 0.79
Coronary artery disease, congestive heart failure, 7 (38.9) 21 (16.1) 0.03
or history of myocardial infarction,* n (%)
Peripheral vascular disease, n (%) 2 (11.1) 3(2.3) 0.11
Diabetes, n (%) 2 (11.1) 7 (5.4) 0.60
History of DVT, n (%) 1 (5.6) 7 (5.4) 1.00
Renal disease, n (%) 1 (5.6) 10 (7.7) 1.00
Asthma/COPD, n (%) 0 (0) 4 (3.1) 1.00
Prealbumin <15 or albumin <3.5, n (%) 0 (0) 4(3.1) 1.00
Location of tumor, n (%) 0.06
Anterior thigh 5 (28.8) 35 (26.9) 1.00
Posterior thigh 3 (16.7) 22 (16.9) 1.00
Medial thigh* 10 (55.6) 40 (30.7) 0.04
Lateral thigh 0 (0) 33 (25.4) 0.08
Location of tumor, n (%) 0.32
Proximal third of thigh 10 (55.6) 52 (40.0) 0.31
Middle third of thigh 5 (28.8) 35 (26.9) 1.00
Distal third of thigh 3 (16.7) 43 (33.1) 0.19
Average defect size (cm) (range)
Length (range) 16.9 (5-31) 18.4 (1-50) 0.99
Width (range) 12.7 (2-33) 10.6 (2-30) 0.67
Depth (range) 5.5 (1-12) 5.4 (1-17) 0.99
Vascular resection/reconstruction, n (%)
Arterial resection® 8 (44.4) 16 (12.3) 0.001
Arterial reconstruction® 3 (16.7) 5 (3.8) 0.027
Vein resection 7 (38.9) 24 (18.5) 0.053
Venous reconstruction 0 (0) 1 (0.1) 0.706
Method of reconstruction, n (%)
Primary closure 2 (11.1) 24 (18.5) 0.24
Skin graft 1 (5.6) 19 (14.6) 1.00
Local fasciocutaneous flap 1 (5.6) 12 (9.2) 1.00
Local muscle flap 9 (50) 42 (32.3) 0.26
Regional flap 3 (16.6) 28 (21.5) 0.57
Free flap 2 (11.1) 5 (3.8) 0.21
Radiation, n (%)
Any 16 (88.9) 112 (86.2) 1.00
Neoadjuvant 16 (88.9) 112 (86.2) 0.53
Intraoperative 8 (44.4) 80 (61.5) 0.06
Adjuvant 8 (44.4) 32 (24.6) 0.49
Chemotherapy, n (%)
An 7 (38.9) 56 (43.1) 0.74
Neoadjuvant 6 (33.3) 48 (36.9) 0.76
Adjuvant 1 (5.6) 15 (11.5) 0.69
Postoperative complications, n (%)
Any complication 9 (50) 66 (50.8) 1.00
Infection 3 (16.7) 29 (22.3) 0.76
Dehiscence* 4(22.2) 6 (4.6) 0.02
Seroma 0 (0) 7 (5.4) 0.60
Hematoma 1 (5.6) 4 (3.1) 0.48
DVT 1 (5.6) 2 (1.5) 0.32
Partial flap loss 1 (5.6) 5(3.8) 0.55
Total flap loss 0 (0) 1 (0.8) 1.00
Unplanned procedure 3 (16.7) 13 (10.0) 0.42
30-d readmission 2 (11.1) 18 (13.8) 0.42

#*P<0.05.
Values in boldface have a significant p-value.

BMI, body mass index; COPD, chronic obstructive pulmonary disease; DVT, deep vein thrombosis.

combination of neoadjuvant and intraoperative radia-
tion); and 13.5% did not undergo any radiation.

There was no difference in the overall complica-
tion rate between patients who did and did not develop
lymphedema. Interestingly, nearly a quarter of patients
with wound dehiscence also had lymphedema. Our sub-
group analysis revealed that the odds ratio of noninfec-
tious wound dehiscence in the lymphedema group was 4.8
compared with patients who did not develop lymphedema
(P < 0.05). It is not possible to determine whether the
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wound dehiscence caused the lymphedema or the pres-
ence of lymphedema is the underlying reason for the
wound dehiscence.

Complications after limb-sparing surgery for extrem-
ity STS are common and are highest for tumors located
in the thigh.*'"?' Lymphedema is one of the worst
potential long-term complications and can decrease
a patient’s quality of life.'””"* The underlying cause of
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Table 4. Depth of Resection Based on Tumor Location*
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lymphedema can be secondary to direct injury to the
lymph nodes, lymphatic vessels, blood vessels, or as a
result of fibrosis from radiation therapy.”” There have
been relatively few studies that address the risk factors
for the development of postoperative lymphedema,
especially in the thigh.

Lymphedema after Thigh Sarcoma Resection

This study shows an incidence of 12% for the develop-
ment of lymphedema in patients with thigh STS resection.
The principal risk factors for the development of lymph-
edema identified in this study were medially located thigh
defects, arterial resection and reconstruction, and a history
of cardiac disease. When all 3 risk factors were present, 3
of 7 patients (43%) developed lymphedema. When none
of the risk factors were present, 4 of 76 patients (5.3%)
developed lymphedema. Ten of 50 patients (20.0%) with
medial thigh defects, 8 of 24 patients (33.3%) with arte-
rial resection, and 7 of 28 patients (25.0%) with cardiac
disease developed lymphedema. This would indicate that
the development of lymphedema is multifactorial and that
risk is likely cumulative.

Defects of the medial thigh comprised more than half
of the lymphedema group. In contrast, the lateral thigh
seems to be a relatively safe zone because there were no
cases of lymphedema in patients with lateral thigh tumors.
This finding is consistent with the anatomic distribution
of lymphatic channels, which are of highest density in
the medial thigh and of low density in the lateral thigh. A
previous report on STS wound complications found that
complications occurred after an average of 21 days from
the operation, with complication rates being the highest if
tumors were in the adductor compartment.'® The authors
hypothesized that lymphatic disruption was the underly-
ing etiology of these later surgical complications.

The risk of lymphedema was also higher in patients
with previous cardiac disease. It may be that venous out-
flow from the lower extremity normally compensates for
lymphatic disruption and patients with greater venous
backpressure do not exhibit this capability. This hypoth-
esis is supported by findings from a recent study in which
patients who underwent a major vein resection were at
a higher risk of lymphedema with an odds ratio of 2.7.*
Therefore, it is unclear how much patients with congestive
heart failure or other pathology resulting in decreased
venous return would benefit from lymphovenous bypass.
Furthermore, one may infer that maneuvers that improve
venous return may improve lymphedema.

Wound dehiscence is also related to lymphedema, but
it is unclear as to whether this represents a risk factor for
or a sequela of lymphedema.

The incidence of lymphedema in patients who under-
went radiation therapy was 8 times the rate of patients
who underwent no radiotherapy; however, this study was
likely underpowered to detect this difference. There was
a relatively small number of patients with lymphedema in
combination with a high number of patients treated with
radiation.

There are a few studies that have addressed lymph-
edema in patients undergoing extremity sarcoma resection.
Early studies, some including upper extremity sarcomas,
show rates of 0.1%-29.6%.%'"***" One of these early stud-
ies by Stinson et al® included 152 patients with extremity
STS who underwent radiation therapy as part of 1 of the 6
clinical trials by the National Cancer Institute. They found a
19% rate of lymphedema with risk factors, including lower
extremity location, radiation dose, and radiation field size
length >35cm. A study by Friedmann et al*’ of 289 patients
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with upper and lower extremity STS demonstrated an
incidence of 20% of mild lymphedema and 9% of moder-
ate to severe lymphedema. They found tumor size >5cm
and tumor depth to be associated with the development
of postoperative lymphedema. Another study by Rimner
et al® with 255 patients with thigh sarcoma resection and
postoperative radiation demonstrated a 13% incidence of
lymphedema. On multivariate analysis, they found medial
thigh location, female gender, and external beam radiation
(compared with brachytherapy) to be associated with an
increased risk of developing postoperative lymphedema;
on univariate analysis, tumor size >10cm and vessel resec-
tion were also associated with the development of postop-
erative lymphedema. A fourth study by Bedi et al*’ with 132
patients with upper and lower extremity sarcomas found
a rate of postoperative lymphedema of 24%; the rate was
highest for proximal lower extremity tumors (26.7%). They
determined that the development of postoperative lymph-
edema was positively associated with sacrifice of a major
vein and negatively associated with smoking status. The
incidence of lymphedema in this study was 12%, which is
consistent with these previously published studies.

There are several clinical implications of the findings in
this study. When the tumor is located in the medial thigh,
care should be taken to preserve the lymphatics in this
region. Although our data do not support any association
between the development of lymphedema and method
of reconstruction, it would be prudent to consider the
impact that the reconstructive method could have on the
development of lymphedema, especially in high-risk areas
like the medial thigh. If possible, especially with the use
of neoadjuvant radiation, major arterial resection should
be avoided, and if it is not possible, consideration should
be given for arterial reconstruction. Patients with cardiac
disease should be medically optimized, and a euvolemic
status should be maintained. Patients with noninfectious
wound dehiscence should be closely monitored for lymph-
edema because this could be an early predictor for the
development of lymphedema. In addition, if ymphedema
is identified postoperatively, prompt and aggressive treat-
ment by a multidisciplinary team should be instituted to
prevent complications and progression of the disease.

There are several limitations to our study. The major
limitation is the short duration of follow-up; the rate of
lymphedema could be higher than that reported in the long
term because lymphedema can be a progressive disease that
may take years to develop. In addition, lymphedema staging
data were unavailable, which precluded analysis of effect
size. The study was also underpowered for certain factors—
for example, it was unclear whether the type of reconstruc-
tive procedure affected the incidence and progression of
lymphedema. A larger population is needed to develop a
reliable mathematical model to predict multivariate risk.

Lower extremity limb salvage for STS is associated with
a high overall complication rate and has not been defini-
tively shown to improve quality of life over amputation. The
risks and possible sequelae of limb preservation must be
weighed against the benefits for each patient. All patients,
and particularly those at a higher risk for complications,
should receive appropriate counseling preoperatively and
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be followed closely postoperatively. As surgical options for
the management of lymphedema continue to evolve and
improve, prophylactic measures at the time of resection and
reconstruction may be considered in high-risk individuals.

The development of lymphedema after thigh sarcoma
resection and reconstruction is not uncommon, and its
etiology is likely multifactorial. This study identified defect
location in the medial thigh, arterial resection and recon-
struction, and history of cardiac disease as risk factors for
the development of postoperative lymphedema. Wound
dehiscence is also related to lymphedema, but it is unclear
as to whether this represents a risk factor for or a sequela
of lymphedema. Heightened awareness of these risk fac-
tors may facilitate the diagnosis of lymphedema in these
patients because the clinical findings of early ymphedema
may be subtle. Further work in this area may impact the
way in which plastic surgeons manage these wounds, par-
ticularly high-risk wounds in high-risk patients. We rec-
ommend that physicians who care for these patients be
familiar with the diagnosis of lymphedema and be able to
provide care through a multidisciplinary team.

Jorys Martinez-Jorge, MD

Mayo Clinic, Division of Plastic Surgery
200 First St SW

Rochester, MN 55905

E-mail: martinezjorge jorys@mayo.edu

1. Brennan MF, Antonescu CR, Moraco N, et al. Lessons learned
from the study of 10,000 patients with soft tissue sarcoma. Ann
Surg. 2014;260:416-421; discussion 421.

2. Clark MA, Fisher C, Judson I, et al. Soft-tissue sarcomas in adults.
N Engl ] Med. 2005;353:701-711.

3. Weddington WW Jr, Segraves KB, Simon MA. Psychological out-
come of extremity sarcoma survivors undergoing amputation or
limb salvage. J Clin Oncol. 1985;3:1393-1399.

4. Sugarbaker PH, Barofsky I, Rosenberg SA, et al. Quality of
life assessment of patients in extremity sarcoma clinical trials.
Surgery. 1982;91:17-23.

5. Chang AE, Steinberg SM, Culnane M, et al. Functional and
psychosocial effects of multimodality limb-sparing therapy in
patients with soft tissue sarcomas. J Clin Oncol. 1989;7:1217-1228.

6. Stinson SF, DeLaney TF, Greenberg ], et al. Acute and long-term
effects on limb function of combined modality limb sparing ther-
apy for extremity soft tissue sarcoma. Int | Radiat Oncol Biol Phys.
1991;21:1493-1499.

7. Bell RS, O’Sullivan B, Langer F, et al. Complications and func-
tional results after limb-salvage surgery and radiotherapy for dif-
ficult mesenchymal neoplasms: a prospective analysis. Can ] Surg.
1989;32:69-73.

8. Lindberg RD, Martin RG, Romsdahl MM, et al. Conservative sur-
gery and postoperative radiotherapy in 300 adults with soft-tissue
sarcomas. Cancer. 1981;47:2391-2397.

9. Bell RS, O’Sullivan B, Davis A, et al. Functional outcome in
patients treated with surgery and irradiation for soft tissue
tumours. [ Surg Oncol. 1991;48:224-231.

10. Sanniec KJ, Swanson S, Casey W] III, et al. Predictive factors of
wound complications after sarcoma resection requiring plastic
surgeon involvement. Ann Plast Surg. 2013;71:283-285.


mailto:martinezjorge.jorys@mayo.edu?subject=
https://doi.org/10.1097/SLA.0000000000000869
https://doi.org/10.1097/SLA.0000000000000869
https://doi.org/10.1097/SLA.0000000000000869
https://doi.org/10.1056/NEJMra041866
https://doi.org/10.1056/NEJMra041866
https://doi.org/10.1200/JCO.1985.3.10.1393
https://doi.org/10.1200/JCO.1985.3.10.1393
https://doi.org/10.1200/JCO.1985.3.10.1393
https://doi.org/10.1200/JCO.1989.7.9.1217
https://doi.org/10.1200/JCO.1989.7.9.1217
https://doi.org/10.1200/JCO.1989.7.9.1217
https://doi.org/10.1016/0360-3016(91)90324-w
https://doi.org/10.1016/0360-3016(91)90324-w
https://doi.org/10.1016/0360-3016(91)90324-w
https://doi.org/10.1016/0360-3016(91)90324-w
https://doi.org/10.1002/1097-0142(19810515)47:10<2391::aid-cncr2820471012>3.0.co;2-b
https://doi.org/10.1002/1097-0142(19810515)47:10<2391::aid-cncr2820471012>3.0.co;2-b
https://doi.org/10.1002/1097-0142(19810515)47:10<2391::aid-cncr2820471012>3.0.co;2-b
https://doi.org/10.1002/jso.2930480404
https://doi.org/10.1002/jso.2930480404
https://doi.org/10.1002/jso.2930480404
https://doi.org/10.1097/SAP.0b013e31827c7973
https://doi.org/10.1097/SAP.0b013e31827c7973
https://doi.org/10.1097/SAP.0b013e31827c7973

Wu et al.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Chao AH, Chang DW, Shuaib SW, et al. The effect of neoadjuvant
versus adjuvant irradiation on microvascular free flap reconstruc-
tion in sarcoma patients. Plast Reconstr Surg. 2012;129:675—682.
Meek AG. Breast radiotherapy and lymphedema.
1998;83 (12 suppl American):2788-2797.

Meeske KA, Sullivan-Halley |, Smith AW, et al. Risk factors for arm
lymphedema following breast cancer diagnosis in Black women
and White women. Breast Cancer Res Treat. 2009;113:383-391.
Davis AM, O’Sullivan B, Turcotte R, et al; Canadian Sarcoma
Group; NCI Canada Clinical Trial Group Randomized Trial.
Late radiation morbidity following randomization to preopera-
tive versus postoperative radiotherapy in extremity soft tissue sar-
coma. Radiother Oncol. 2005;75:48-53.

Korah MP, Deyrup AT, Monson DK, et al. Anatomic tumor loca-
tion influences the success of contemporary limb-sparing sur-

Cancer.

gery and radiation among adults with soft tissue sarcomas of the
extremities. Int | Radiat Oncol Biol Phys. 2012;82:933-939.

Moore J, Isler M, Barry ], et al. Major wound complication risk
factors following soft tissue sarcoma resection. Eur | Surg Oncol.
2014;40:1671-1676.

O’Sullivan B, Davis AM, Turcotte R, et al. Preoperative versus
postoperative radiotherapy in soft-tissue sarcoma of the limbs: a
randomised trial. Lancet. 2002;359:2235-2241.

Baldini EH, Lapidus MR, Wang Q, 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.
Wang D, Zhang Q, Eisenberg BL, et al. Significant reduction of
late toxicities in patients with extremity sarcoma treated with
image-guided radiation therapy to a reduced target volume:

Lymphedema after Thigh Sarcoma Resection

20.
21.
22.

23.

24.

25.

26.
27.

28.

results of radiation therapy oncology group RTOG-0630 trial. /
Clin Oncol. 2015;33:2231-2238.

Virkus WW, Mollabashy A, Reith JD, et al. Preoperative radio-
therapy in the treatment of soft tissue sarcomas. Clin Orthop Relat
Res. 2002;387:177-189.

Miller ED, Mo X, Andonian NT, et al. Patterns of major wound
complications following multidisciplinary therapy for lower
extremity soft tissue sarcoma. J Surg Oncol. 2016;114:385-391.
Cheville AL, McGarvey CL, Petrek JA, et al. The grading of
lymphedema in oncology clinical trials. Semin Radiat Oncol.
2003;13:214-225.

Bedi M, King DM, Whitfield R, et al. The effect of smoking and
major vein resection on post-therapy lymphedema in soft tissue
sarcomas treated with neoadjuvant radiation and limb-salvage
surgery. Am | Clin Oncol. 2015;38:184-188.

Cannon CP, Ballo MT, Zagars GK, et al. Complications of com-
bined modality treatment of primary lower extremity soft-tissue
sarcomas. Cancer. 2006;107:2455-2461.

Mundt AJ, Awan A, Sibley GS, et al. Conservative surgery and
adjuvant radiation-therapy in the management of adult soft-
tissue sarcoma of the extremities - clinical and radiobiological
results. Int | Radiat Oncol. 1995;32:977-985.

Robinson MH, Spruce L, Eeles R, et al. Limb function following
conservation treatment of adult soft tissue sarcoma. Fur | Cancer.
1991;27:1567-1574.

Friedmann D, Wunder JS, Ferguson P, et al. Incidence and sever-
ity of lymphoedema following limb salvage of extremity soft tis-
sue sarcoma. Sarcoma. 2011;2011:289673.

Rimner A, Brennan MF, Zhang Z, et al. Influence of compart-
mental involvement on the patterns of morbidity in soft tissue
sarcoma of the thigh. Cancer. 2009;115:149-157.


https://doi.org/10.1097/PRS.0b013e3182412a39
https://doi.org/10.1097/PRS.0b013e3182412a39
https://doi.org/10.1097/PRS.0b013e3182412a39
https://doi.org/10.1002/(sici)1097-0142(19981215)83:12b+<2788::aid-cncr27>3.3.co;2-9
https://doi.org/10.1002/(sici)1097-0142(19981215)83:12b+<2788::aid-cncr27>3.3.co;2-9
https://doi.org/10.1007/s10549-008-9940-5
https://doi.org/10.1007/s10549-008-9940-5
https://doi.org/10.1007/s10549-008-9940-5
https://doi.org/10.1016/j.radonc.2004.12.020
https://doi.org/10.1016/j.radonc.2004.12.020
https://doi.org/10.1016/j.radonc.2004.12.020
https://doi.org/10.1016/j.radonc.2004.12.020
https://doi.org/10.1016/j.radonc.2004.12.020
https://doi.org/10.1016/j.ijrobp.2010.11.020
https://doi.org/10.1016/j.ijrobp.2010.11.020
https://doi.org/10.1016/j.ijrobp.2010.11.020
https://doi.org/10.1016/j.ijrobp.2010.11.020
https://doi.org/10.1016/j.ejso.2014.10.045
https://doi.org/10.1016/j.ejso.2014.10.045
https://doi.org/10.1016/j.ejso.2014.10.045
https://doi.org/10.1016/S0140-6736(02)09292-9
https://doi.org/10.1016/S0140-6736(02)09292-9
https://doi.org/10.1016/S0140-6736(02)09292-9
https://doi.org/10.1245/s10434-012-2797-1
https://doi.org/10.1245/s10434-012-2797-1
https://doi.org/10.1245/s10434-012-2797-1
https://doi.org/10.1245/s10434-012-2797-1
https://doi.org/10.1200/JCO.2014.58.5828
https://doi.org/10.1200/JCO.2014.58.5828
https://doi.org/10.1200/JCO.2014.58.5828
https://doi.org/10.1200/JCO.2014.58.5828
https://doi.org/10.1200/JCO.2014.58.5828
https://doi.org/10.1097/00003086-200204000-00022
https://doi.org/10.1097/00003086-200204000-00022
https://doi.org/10.1097/00003086-200204000-00022
https://doi.org/10.1002/jso.24313
https://doi.org/10.1002/jso.24313
https://doi.org/10.1002/jso.24313
https://doi.org/10.1016/S1053-4296(03)00038-9
https://doi.org/10.1016/S1053-4296(03)00038-9
https://doi.org/10.1016/S1053-4296(03)00038-9
https://doi.org/10.1097/COC.0b013e31828aadc9
https://doi.org/10.1097/COC.0b013e31828aadc9
https://doi.org/10.1097/COC.0b013e31828aadc9
https://doi.org/10.1097/COC.0b013e31828aadc9
https://doi.org/10.1002/cncr.22298
https://doi.org/10.1002/cncr.22298
https://doi.org/10.1002/cncr.22298
https://doi.org/10.1016/0360-3016(95)00111-b
https://doi.org/10.1016/0360-3016(95)00111-b
https://doi.org/10.1016/0360-3016(95)00111-b
https://doi.org/10.1016/0360-3016(95)00111-b
https://doi.org/10.1016/0277-5379(91)90417-c
https://doi.org/10.1016/0277-5379(91)90417-c
https://doi.org/10.1016/0277-5379(91)90417-c
https://doi.org/10.1155/2011/289673
https://doi.org/10.1155/2011/289673
https://doi.org/10.1155/2011/289673
https://doi.org/10.1002/cncr.23975
https://doi.org/10.1002/cncr.23975
https://doi.org/10.1002/cncr.23975

	﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿INTRODUCTION
	﻿METHODS
	﻿RESULTS
	﻿DISCUSSION
	﻿CONCLUSIONS

