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Abstract

Background
In soft tissue sarcomas (STS) radiotherapy (RTx) may be applied pre- or postoperatively with advantages
and disadvantages on either side. We examined the effect of preoperative radiation on wound healing in
patients with STS of the extremities and the pelvis.

Methods
Between August 2008 and March 2011, 32 patients with an average of 54 years (SD 18.7) and with STS
(all Grade 2 or 3) were treated with a planned wide resection after neoadjuvant RTx leaving a rim of
uninvolved soft tissue around the tumor. Preoperative RTx was given at an average dose of 51,5 Gy (SD
4.6) and mean follow up was 12.2 months (SD 9.8). The results were compared to a consecutive series of
60 patients treated later on without neoadjuvant RTx.

Results
R0 resection were performed in 31 of 32 patients. Impaired wound healing (IWH) occurred in 19 patients
(59%), revision surgery had to be performed in 17 patients (53% of total). Four patients had to undergo 2
or more revisions. One patient had to be amputated and one patient died due to septic complications
after revision surgery. IWH was seen more frequently in the lower (18 / 28) than in the upper extremities (1
/ 4), yet this was not statistically signi cant in our series (p = 0.223, Fisher’s exact test). Comorbidities
were not found to be of in uence. In the control group, revision surgery was necessary in 18% of the
patients (p = 0.0006).

Conclusions
Radiotherapy is effective in local tumour control, but causes a high rate of impaired wound healing (59%),
if applied prior to surgery. This frequently resulted in one or more revision surgeries delaying the schedule
of further therapies. The authors recommend RTx to be applied only in selected cases in a neoadjuvant
setting.

Background
In the treatment of soft tissue sarcomas (STS) of the extremities limb-sparing surgery is now the
standard and amputation is rarely necessary.[1, 2] This is achieved mainly by multimodal therapy
concepts including the use of chemotherapy (CTx), radiotherapy (RTx) and surgery.[2] There are many
approaches to combine the variable options in changing orders with different advantages and
disadvantages.[3–6] Neoadjuvant chemotherapy does not have a proven negative effect on wound
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healing in STS, unless surgery is performed during chemotherapy.[7, 8] However, with external beam
radiation which may be applied pre- or postoperatively, the timing is still being discussed in the literature.
[9–11] In a recent review of 28.000 patients in the US National Cancer Database 51% of the patients did
not receive radiation therapy at all whereas 11.8% received it preoperatively.[12] The advantage of
neoadjuvant radiotherapy is a possible reduction of tumor size, a better de nition of the radiation eld,
thus a lower dose of radiation has to be applied.[1, 3, 4] This means not only that less tissue has to be
exposed to a minor radiation dose, but also that the risks for long term side effects such as lymphedema,
scarring or the development of secondary irradiation-induced cancer are lower.[3, 4, 13, 14] But there are
negative side effects of preoperative radiation. Disease staging by MRI and in histolopathology is more
di cult after irradiation. Surgery in irradiated tissue is challenging due to scars and brosis of the tissue.
[13, 14] Furthermore, wound healing may be disturbed in irradiated tissue, which increases the rate of
revision surgery.[8, 13] This effect seems to persist even years after the RTx, although the effect
diminishes as time goes by.[15]
According to the positive effects described in literature we decided therefore to change our routine
postoperative radiation scheme. We saw the bene ts of a lower dose of radiation therapy preoperatively.
The primary aim of this study was to investigate whether neoadjuvant radiotherapy had an in uence on
wound healing in a consecutive patient series. The secondary aim was to analyze if postoperative
application of brachytherapy had a negative effect on the consolidation of the wound. The third aim was
to analyze whether location or size of the lesions had any in uence on wound complications and on the
outcome. As described further on, we did not expect such a high rate of impaired wound healing thus this
treatment regime on a routine basis was stopped and hence the patient series is comparatively small. For
comparison a control group with 60 consecutive patients treated later on without neoadjuvant
radiotherapy was used.

Patients And Methods
The study group included patients with high-grade, deep-seated, non-metastatic, STS of the extremities
including the pelvis that were assessed to be resectable without amputation. In 32 months, 38
consecutive patients met those criteria. For this study, 5 patients had to be excluded because they did not
receive preoperative radiation therapy due to the necessity of immediate surgery. The control group
included 60 consecutive patients using the same criteria but without neoadjuvant radiotherapy, treated
between 2016 and 2017. In the study group one patient was excluded due to resection 20 months after
radiotherapy to obtain a more homogeneous patient group. Thus the study cohort consisted of 32
patients (17 female, 15 male; mean age 54 years, 50 (SD 17.2) years for the women and 57 (SD 21) years
for the men) who were scheduled for wide tumor resection. All tumors were classi ed as Grade 2 or 3
STS. Eight of them had undergone previous surgery at other institutions. Four STS of the upper (UEx)
(12.1%) and 28 tumors of the lower extremities (LEx) including the pelvis (87.9%) were treated.
In this prospective evaluation the patients were analyzed concerning the clinical, functional and
radiological outcomes with special regards to impaired wound healing (IWH) and the need for further
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surgical interventions. Comorbidities known to in uence wound healing such as smoking, diabetes and
medications with a negative in uence on wound healing, such as corticosteroids, etc. were documented.

Neoadjuvant radiotherapy
All patients received neoadjuvant RTx (n = 32), 2 patients also received a second short cycle of boosting
external beam radiation postoperatively. Brachytherapy (BTx) was administered in 12 patients.
Preoperative RTx was applied at a mean dose of 51.5 Gy (SD 4.6). Adjuvant external beam radiation
(boost) was applied at a dose of 16 Gy.

Surgery
The average delay of surgery was 1.48 months (SD 0.8) after the last application of preoperative
radiation therapy. All surgeries were performed by a single, experienced surgeon (HRD). Each surgery was
aimed to achieve an R0-resection, even in those patients that had received previous surgery at outside
institutions. The latter received a wide excision containing all the potentially contaminated tissue. This
series includes 8 pelvic resections including variable amounts of bone in 5 patients. No patient needed a
vascular resection with reconstruction. Local aps (gastrocnemius, fasciocutaneous) had been done
primary in some patients, extended local aps (as rectus abdominis muscle ap) or free vascularized
aps in cases of revision only.

Impaired wound healing
Wound healing disorders were de ned as persistent secretion from the wound, infected or non-infected
seroma or hematoma, development of a stula, infection, failure of a skin ap, wound dehiscence or
larger necrosis of wound margins/soft tissue.

Brachytherapy
When margins were considered marginal during surgery, postoperative application of brachytherapy was
planned. Twelve patients had brachytherapy catheters implanted during the index surgery. All those
patients had their sarcomas localized in the lower limb, except for one where the diaphysis of the
humerus was affected. The mean dose of brachytherapy was 16.5 Gy (SD 1.6), always applied within the
rst week after surgery.

Chemotherapy
Twenty-four patients received CTx. It was administered either only preoperatively (n = 7) or pre- and
postoperatively (n = 17). Neoadjuvant multi-agent therapy consisted mostly of AI (Adriamycin and
Ifosfamide; n = 15), EIA (Etoposid, Ifosamid and Adriamycin; n = 8), and other regimens in some
instances.[16] Local hyperthermia was added in 21 cases.

Histopathology
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All histopathologic samples of biopsies or resected tumors were reviewed by the same pathologist (TK).
The distribution of histotypes is summarized in Table 1.

Endpoint and statistics
In all patients the appearance and type of IWH, the need for and the extent of further surgeries, local
recurrences, the diagnosis of metastatic disease in follow up were documented.
Categorical variables are presented as absolute and relative frequencies, while continuous variables are
presented as mean and standard deviation (SD). For between-group comparisons, two-tailed Student’s ttests or Mann–Whitney U tests were applied, as considered appropriate. Chi square or Fisher’s exact tests
were performed to determine the signi cance of differences in proportions. Tests were two-tailed with Pvalues of .05 or less considered to be statistically signi cant. A multiple logistic regression was
performed to adjust for several confounding factors. The data analysis software used was MedCalc®.

Results
The mean follow-up period was 12.2 months (SD 9.8) after surgery. We saw impaired wound healing in
19 patients (59,4%). The complications mostly seen were failure of wound closure, prolonged secretion
and necrosis of either the wound margins or the surrounding soft tissues (see Table 2).
Revision surgery had to be performed in 17 of those patients (90% of all IWH, 53% of all patients), 4
patients (21% of IWH, 13% of total) had to undergo 2 or more revisions in order to accomplish wound
healing. One patient had to be amputated in the course of therapy, one died due to septic complications
(infected central venous catheter) after revision surgery, one patient died from progressive disease
(coexisting multiple myeloma).
Of the patient cohort only one had a history of smoking, two had diabetes and one of these diabetics also
had a corticosteroid medication due to lung disease. None of those 3 patients developed a wound healing
disorder.
Of the 17 patients requiring revision surgery due to IWH, 12 (70.6%) had received neoadjuvant CTx and
RTx, ve (29.4%) had received only neoadjuvant RTx. In those patients not needing revision surgery, 12
(80%) had received neoadjuvant CTx and RTx and 3 (20%) had received RTx only (p = 0,475).
The mean maximum diameter of the tumor prior to surgery was 10.8 cm (SD = 6.9). Seven (21.9%) of the
32 tumors were smaller than 5 cm, 25 (78.1%) were larger. Four (57%) of the seven patients with tumors
smaller than 5 cm had revisions. Thirteen (52%) of the 25 patients with tumors larger than 5 cm needed
further surgery. As assessed by use of the T-test, tumor size in patients with IWH was not signi cantly
different from those without IWH (p = 0.821).
Twelve patients (37,5%) underwent afterloading therapy in the week after surgery. This did not have an
in uence with regards to wound healing (50% had IWH, all of those needed further surgery, 50% did not
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develop IWH). With the combination of neoadjuvant CTx and RTx and postoperative BTx (n = 10), 5
patients (50% of the afterloading group) needed secondary surgery for wound healing problems and one
of those had to be amputated.

Tumor Location
R0 resection was achieved in 31 of 32 patients whereas in one patient histopathology proved an R1resection (patient in Fig. 1). This patient with an R1 resection had neoadjuvant CTx and RTx as well as
adjuvant BTx. Postoperative CTx had to be stopped due to IWH. Eight revision surgeries including two free
aps nally resulted in an amputation at the level of the proximal thigh (no remaining tumor).
We saw IWH in only one (25%) of the patients who had a STS of the upper extremity, whereas 18 (64.3%)
of the 28 patients with lower extremity STS developed IWH. The tumors located at the upper extremity
had an average size of 4.8 cm (SD 2.97) and the tumors at the lower extremity showed an average
diameter of 11.7 cm (SD 6.9). Tumors at the lower extremity were signi cantly larger than those of the
upper extremity (p = 0.006, t-test). Yet, when analyzed using Fisher’s Exact Test, there was no signi cant
association between tumor location and IWH (p = 0.223).
At the latest follow-up only one patient showed local recurrence. This patient presented at our institution
after previous surgery elsewhere where the tumor had been resected with an R1 margin. This patient
underwent CTx and RTx and then a second resection (R0) at our institution. One year later the patient
required resection of a local recurrence and developed metastatic disease.

Comparison to control group
The clinical data of the control group in comparison to the study group is described in Table 3. Mean age
was about 10 years older and the rate of chemotherapy about half as high as in the study group. Revision
rate was found to be signi cantly lower (18% vs. 53%). Including only patients with chemotherapy the
same lower rate of revision surgery (21% vs 50%) could be proven.

Discussion
This study showed a high rate (59.4%) of IWH with preoperative RTx in STS. Application of brachytherapy
had no additional negative in uence on wound healing. As to whether radiotherapy should be applied preor postoperatively, the current opinion in the literature differs. Some studies claim that there is a slight
bene t regarding local control with neoadjuvant RTx, others have found no difference.[6, 17, 18]
Regarding the 5-year overall survival rate, a similar discussion exists.[3, 6, 10, 18] In recent years the use
of preoperative RTx increased in the US from 16.8% in 2004 to 29.7% in 2012.[19] Due to a lower
incidence of chronic adverse effects with RTx in the preoperative setting, neoadjuvant RTx also seems to
be more cost effective. [20]
While the timing of RTx most likely has a minimal (if at all) effect on local control and overall survival, it
is essential with regards to wound healing, functional outcome and most important on starting any
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postoperative sarcoma therapy. It is less likely that a patient irradiated after surgery will display severe
wound healing impairment.[13, 21]
Wound healing problems appear in irradiated tissue whether applied in single or multiple fractions.[5, 13,
21] Table 3 shows the probabilities of wound complications in regards to the timing of RTx in several
other studies.[1, 3, 11, 22–24]
This adverse effect is, among other factors, caused by an alteration of the broblasts which produce
collagen. RTx also causes changes in the basal membranes and increases vascular permeability
stimulating swelling, stasis, thrombosis and probably also a reduction in neovascularisation.[25]
We found a high rate (59.4%) of impaired wound healing in our patients with 53% having to undergo
revision surgery for this reason. 13% underwent two or more revisions in order to achieve wound healing.
One patient even died due to septic complications after revision surgery and one had to be amputated.
These numbers compare to other studies that showed up to 67% for acute wound complications after
surgery in irradiated tissue,[3, 23, 26, 27] rates of revision surgeries in those patients were up to 45%.[3]
In keeping with the results of other studies we saw that patients with tumors in the upper extremity
suffered from less wound healing disorders with a resulting need for further surgery than those with
tumors in the lower extremity,[2; 10; 11; 39] although this was not statistically signi cant in our series,
most probably due to the small number of patients with STS at the upper extremity. One of the main
reasons for this is claimed to be the bigger size of the tumors in the lower extremity by the time of
presenting for surgery. Delayed wound healing is also considered to be more frequent at the lower limbs,
because lower limbs are more prone to blood ow disorders. The difference in size could be seen in our
patient collective as well. The tumors in the lower extremities were at an average more than twice the size
of the tumors in the upper extremities and this was statistically signi cant. Bigger tumors come along
with a larger defect after surgery which is more likely to develop wound healing disorders even though the
surgeon always tries to ll in or cover all soft tissue defects. We could not prove that but think this may
be caused by the small number of low sized tumors in this study. It is common sense, but in irradiated
STS of most importance, that all wounds should be closed without tension and drained to prevent
seroma or haematoma formation which further increase the risk of local wound problems. Investigating
routine plastic surgery involvement in managing sarcomas a decrease in the incidence of infectious
complications requiring IV antibiotics by about 20% and a reduction of skin graft losses of 75% were
observed in one study and a reduced rate of IWH from 67–37% in another.[26, 28] So this might also
explain our own worse results without routine involvement of plastic surgery. Microvascular ap
reconstructions do not have a higher complication rate in pre-irradiated vs non-irradiated patients. [29]
But in the same study from Toronto the rate of recipient site wound healing complications was also 50%
vs 14%. Some surgeons keep skin sutures in STS longer than otherwise usual, even up to one month.[13]
Complications especially within the rst two weeks should lead to early revision, later and minor
complications may be observed or treated by minor intervention leading to secondary wound healing.[13,
30]
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Limitations Of The Study
A limitation of this study is the non-randomized control group. Based on the literature we decided to
change our routine postoperative radiation scheme. We saw the bene ts of a lower dose of radiation
therapy preoperatively, resulting in a smaller risk for negative long-term effects and better functional
outcome due to reduced edema and scarring. We did not expect such a high rate of IWH. In our opinion,
this rate was inacceptable high and delayed subsequent sarcoma therapy (i.e. postoperative CTx). This
alone has led us to the conclusion to change our regime and to apply RTx routinely postoperatively again
with an exception for those patients who have a myxoid sarcoma or a very close proximity to critical
structures.

Conclusions
Radiotherapy is an effective tool in the therapy of soft tissue sarcomas. Since the oncological effect of
timing is mainly unclear or -if present- minor, the decision which application schedule is chosen depends
on the long-term functional bene t from less applied radiation dose standing against wound healing
impairments. Especially when the tumor is large, located in the lower extremity and in a critical
anatomical location, wound healing disorders are more likely to occur. In this study, adjuvant CTx was
also postponed or had to be diminished in many cases due to long lasting wound healing disorders.
Hence we no longer perform preoperative RTx as a standard in STS but decide timing of radiation
individually. Patients with myxoid tumors, responding well to RTx, or tumors with close contact to critical
structures as nerves, vessels or the bone are still treated preoperative. Routine plastic surgery involvement
in planning sarcoma resection must be considered to decrease complications after neoadjuvant RTx.
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Tables
TABLE 1: Distribution of histiotypes
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Entities (all G 2/3)

n

NOS (none otherwise speci ed)

12

Synovial sarcoma

5

Leiomyosarcoma

3

Fibrosarcoma

2

Malign. peripheral nerve sheat tumour

2

Liposarcoma

2

Epitheloid sarcoma

2

Angiosarcoma

1

Malignant giant cell tumour

1

Undifferentiated pleomorphic sarcoma

1

Haemangiosarcoma

1

TABLE 2: Detailed analysis of wound healing disorders (multiple naming possible)
Wound healing disorders

n

Failure of wound closure

6

Secretion

6

Necrosis of the wound margins/soft tissues

5

Deep wound infection

4

Seroma (non-/infected)

4

Necrosis of ap

2

Fistula

3

Infected haematoma

1

TABLE 3: Clinical data of study and control group
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Parameter

Study group

Control

P

Male / Female

15 / 17

35 / 25

n.s.

Mean age (years)

54 (SD 17.2)

63 (SD 18.2)

0.0268

Upper / Lower
extremity

4 (12%) / 28

17 (28%) / 43

n.s.

Chemotherapy (CTX)
before surgery

24 (75%)

21 (35%)

0.0003

Surgical Margins
(R0/R1)

31 / 1 (3%)

53 / 7 (12%)

n.s.

Largest diameter (cm)

10.8 (SD 6.9)

8.0 (SD 7.0)

n.s.

Mean follow-up
(months)

12.2 (SD 9.8)

17.2 (SD 9.9)

n.s.

Impaired wound
healing (IWH)

19 (59%)

17 (28%)

0.0037

Revision surgery (RS)

17 (53%)

11 (18%)

0.0006

Revisions in patients
with CTX

12 (50%)

3 (21%)

0.0112

TABLE 4: Probability of IWH depending on timing of RTx
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Preoperative RTx

Postoperative RTx

Study

Year

Patients (n)

Dose (Gy)

IWH (%)

Dose (Gy)

IWH (%)

Barwick
[26]

1992

37

52

51

-

-

Virkus [1]

2002

209

50.4

22

-

-

Kunisada
[27]

2002

43

50.4

44

O’Sullivan
[3]

2002

182

50

35

66

17

Cannon
[24]

2006

412

50

34

60

16

Tseng [23]

2006

173

50

32

-

-

Curtis [11]

2011

36

50.4

42

-

-

McGee [22]

2012

173

-

-

65

3.4

Rosenberg
[31]

2013

73

50

32

-

-

O’Sullivan
[32]

2013

59

50

31

-

-

Gri n [33]

2015

798

50

23

-

-

Lehane
[34]

2016

63

30

14

60-66

12

Nystrom
[35]

2016

10

50

40

-

-

LeBrun [36]

2017

67

50

32

50

40

Chan [37]

2017

117

50

26

-

-

Stevenson
[38]

2018

127

50

40

60

20

Bedi [39]

2019

84

50

47

-

-

Lansu [40]

2019

191

50

31

-

-

Figures
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Figure 1
Patient with STS of the left thigh after preoperative (neoadjuvant) radiation (A-B). Brachytherapy catheter
inserted (C). The patient developed an infected seroma that drained itself by breaking through the scar. In
the clinical course the limb had to be amputated after 8 revision surgeries including 2 free aps due to
IWH.
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