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ABSTRACT

Background. Few studies have focused on patient-related

factors in analyzing long-term functional outcome and

health-related quality of life (HRQoL) in patients with

postoperative lower extremity soft tissue sarcoma (STS).

Objective. The purpose of this study was to investigate

factors associated with postoperative functional outcome

and HRQoL in patients with lower extremity STS.

Methods. This cross-sectional study was performed in a

tertiary referral center using the Toronto Extremity Salvage

Score (TESS), Quality-of-Life Questionnaire (QLQ)-C30

and 15 Dimension (15D) measures. Functional outcome

and HRQoL data were collected prospectively. All patients

were treated by a multidisciplinary team according to a

written treatment protocol.

Results. A total of 141 patients who had undergone limb-

salvage surgery were included. Depending on the outcome

measure used, 19–51% of patients were completely

asymptomatic and 13–14% of patients had an unimpaired

HRQoL. The mean score for TESS, 15D mobility score,

and QLQ-C30 Physical Functioning scale were 86, 0.83,

and 75, respectively, while the mean score for 15D was

0.88, and 73 for QLQ-C30 QoL. Lower functional outcome

was statistically significantly associated with higher age,

higher body mass index (BMI), and the need for recon-

structive surgery and radiotherapy, while lower HRQoL

was statistically significantly associated with higher age,

higher BMI, and reconstructive surgery.

Conclusion. Functional outcome and HRQoL were gen-

erally high in this cross-sectional study of patients with

STS in the lower extremity. Both tumor- and treatment-

related factors had an impact but patient-related factors

such as age and BMI were the major determinants of both

functional outcome and HRQoL.

Soft tissue sarcomas (STSs) are rare heterogeneous

mesenchymal tumors, representing approximately 1% of

all solid malignancies in adults.1 More than half of STSs

arise in the extremities.2

The aim of extremity STS treatment is patient survival

and limb salvage with the best possible functional outcome.

Several studies have been published on functional outcome

after the treatment of patients with lower extremity STS,3

but fewer on long-term health-related quality of life

(HRQoL).4–7 Few studies have focused on patient-related

factors in analyzing long-term functional outcome and

HRQoL in patients with postoperative lower extremity

STS.5,8

This study provides knowledge about the expected

postoperative long-term functional outcome and HRQoL in

patients with lower extremity STS treated with limb-sal-

vage surgery at a large, tertiary referral center.
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The aims of this study were to document the functional

outcome and HRQoL after treatment of STS in the lower

extremity, and to investigate sociodemographic, oncologi-

cal, and surgical factors predictive for inferior outcome.

METHODS

Study Design

The present cross-sectional study was approved by the

Ethics Committee of Helsinki University Hospital, Finland.

Inclusion criteria are presented in Table 1. Suitable pa-

tients were identified from hospital databases using

International Classification of Diseases, Tenth Revision

(ICD-10) and NOMESCO Classification of Surgical Pro-

cedures codes. Demographic, clinical, surgical, and

oncological data were collected retrospectively, whereas

functional and HRQoL outcome data were obtained

prospectively. Patients were asked to participate by mail.

Outcome Measures

Toronto Extremity Salvage Score (TESS) The Toronto

Extremity Salvage Score (TESS) is the most widely used

tool for outcome assessment of lower limb sarcoma.9–13 It

is a self-administered patient-reported outcome measure

(PROM) that includes 30 items regarding activity

limitations in daily life, such as restrictions in body

movement, mobility, self-care, and performance of daily

tasks and routine. The raw score was converted to a score

ranging from 0 to 100 points, with higher scores indicating

less functional limitations.9

European Organisation for Research and Treatment

of Cancer (EORTC) Quality-of-Life Questionnaire

(QLQ)-C30 The European Organisation for Research

and Treatment of Cancer (EORTC) Quality-of-Life

Questionnaire (QLQ)-C30 is a cancer-specific, patient-

reported HRQoL instrument14 that has been validated and

shown to provide reliable measures.15 The QLQ-C30

consists of nine multi-item scales, including five

functional scales, three symptom scales, a Global Health

Status/QoL scale, and six single-item symptom measures.

Scales are scored from 0 to 100. In the functional, global

health, and quality-of-life scales, higher scores represent

better results, while in the symptom scales, higher scores

indicate more symptoms.

DIMENSION (15D)

The 15 Dimension (15D) is a generic, self-administered

HRQoL instrument.16 The questionnaire contains 15

dimensions of health: mobility, vision, hearing, breathing,

sleeping, eating, speech, excretion, usual activities, mental

function, discomfort and symptoms, depression, distress,

vitality, and sexual activity. The 15D can be presented as a

profile or as a single index score measure. The score varies

between 0, representing the worst result, and 1, represent-

ing the best result.

Used Measures

Functional outcome was measured using the TESS,

QLQ-C30 Physical Functioning (PF) scale, and the 15D

mobility item, while HRQoL was measured using the

QLQ-C30 Global Health Status/QoL scale (QLQ-C30

QoL), and the overall score of the 15D questionnaire (15D

score). For better comparison with other results, the 15D

score and 15D mobility item are presented as 0, repre-

senting the worst result, and 100, representing the best

possible result, in the tables displaying results of univariate

and multivariate analyses. The minimal clinically impor-

tant difference has been defined as C 4–10 for the TESS,17

as C 1.5 for 15D score18 and as C 5–10 for QLQ-C30

score.19

Helsinki Soft Tissue Sarcoma Group Protocol

for Diagnostic Work-Up, Treatment, and Follow-Up

The Helsinki University Hospital STS group is a mul-

tidisciplinary team of plastic surgeons, oncologists,

pathologists, and radiologists. The treatment of each

patient is planned in weekly meetings. Magnetic resonance

imaging (MRI) is performed to assess soft tissue tumors

that are suspicious of sarcoma on ultrasound (US) exami-

nation in the referring institution, or clinically in our

outpatient clinic. A soft tissue tumor radiologist assesses

the MRI immediately after the imaging, and US-guided

core-needle or, more seldom, fine-needle biopsy is per-

formed during the same visit if a suspicion of malignancy

arises. If a diagnosis of sarcoma is confirmed by our soft

tissue tumor pathologist, systemic status of the disease is

further examined using computed tomography (CT) of the

TABLE 1 Inclusion criteria

Age 18 or above

Local disease at the time of diagnosis

Surgical treatment for lower extremity STS

Treated at Helsinki University Hospital by STS group

Treated between 2006 and 2015

Minimum postoperative follow-up 6 months

Returned signed informed consent form

Sarcoma: Functionality and Quality of Life 6893



lungs. For tumors previously biopsied or operated on out-

side Helsinki University Hospital, our pathologist re-

evaluates all specimens. After tumor resection, the

pathologist measures tumor size before sample fixation,

and final histopathological examination is then carried out.

STS malignancy grading is based on a four-tiered

grading system used by the Scandinavian Sarcoma

Group.20,21 Grades 1–2 are considered low malignancy

grade and grades 3–4 are considered high-grade. Wide

microscopical margins are defined as 25 mm of healthy

tissue or an intact fascial barrier separating the tumor from

the excision margin, otherwise margins were classified as

marginal or intralesional depending on whether tumor cells

were present on the specimen border.22 After intralesional

margins, re-excision is recommended in patients treated

with curative intent if feasible. Wide surgical margins are

recommended except for grade 1 liposarcomas, which are

managed by marginal resection. After marginal or intrale-

sional excision, external beam radiotherapy is delivered to

the operative field at a dose of 50–70 Gy over a 5-week

period. Selected patients with a high risk of metastatic

spread receive adjuvant chemotherapy. Follow-up time is

5 years for patients with high-grade STS and 10 years for

low-grade tumors.

Clinical and Tumor Data Classification

Overweight and obesity were defined as a body mass

index (BMI) C 25 kg/m2 and C 30 kg/m2, respectively,

according to the WHO criteria.23 Tumor location in the

lower extremity was defined as a tumor distal to the

inguinal ligament anteriorly or gluteal sulcus posteriorly.

Tumor depth was based on the tumor relationship to the

deep fascia; tumors were defined as superficial when

superficial to, and not infiltrating, the deep fascia of the

limb, or otherwise were defined as deep. Complications

were classified as minor and major—major when surgical

re-intervention was needed. Wound closure was classified

as direct wound closure, wound closure using split-thick-

ness skin graft (STSG), or reconstructive wound closure

using pedicled or microvascular flaps.

Statistical Analysis

Descriptive statistics are presented as means and stan-

dard deviations (SDs) or counts and percentages. Follow-

up was calculated from the date of the last sarcoma surgery

to the date of completing the questionnaires. Univariate

regression analysis was performed by comparing the results

obtained from questionnaires with clinical and oncological

factors. A multivariate regression model and linear

regression analysis was used to examine the associations

between functional outcome and HRQoL, as well as

potential demographic, oncological, and clinical correlates.

A p value\ 0.05 was considered statistically significant.

For statistical analysis, SPSS Statistics 24.0 software (IBM

Corporation, Armonk, NY, USA) was used.

RESULTS

A total of 141 patients who had undergone limb-salvage

surgery were included. Patient recruitment is described in

the flow diagram shown in Fig. 1, and patient, surgical, and

oncological characteristics are summarized in Table 2.

Liposarcoma was the most common histological subtype,

and 31 of these were grade 1. The reconstructive surgical

techniques used are presented in Table 3. All 141 patients

completed the TESS. Overall, 137 of the 141 patients

completed the QLQ-C30 measure and 135 completed the

15D measure. Patients completed the measures postoper-

atively at a single point in time; the time from surgery to

measurement ranged from 6 to 149 months (mean

62 months [SD 38]). The overall complication rate was

24% (34/141 patients), including 16% (23/141 patients) of

major complications and 8% (11/141) of minor

complications.

Functional Outcome

The mean score (range) for TESS, 15D mobility item

score, and QLQ-C30 PF was 86 (12–100), 0.83 (0.47–1),

and 75 (7–100), respectively. Depending on the used out-

come measure, 19–51% of patients were completely

asymptomatic; a maximum score was reported by 69 of

135 (51%) patients for the 15D mobility item, 26 of 135

(19%) patients for the QLQ-C30 PF scale, and 31 of 141

(22%) patients for the TESS.

The results of univariate and multivariate analyses are

presented in Table 4, while non-significant univariate

analysis results are presented in the electronic supple-

mentary material. Multivariate linear regression analysis

showed that lower functional outcome was statistically

significantly associated with higher age, higher BMI, and

the need for reconstructive surgery and radiotherapy. All

three measures showed statistically significant results for

age, two of three outcome measures (TESS and QLQ-C30

scale) showed statistically significant results for BMI and

reconstructive surgery, and one of three outcome measures

(TESS) showed statistically significant results for radio-

therapy (Table 5). A sensitivity analysis excluding grade 1

liposarcomas is shown in Table 5. The same factors as in

the main analysis were significantly associated with func-

tional outcome, but the results of the multivariate analysis

changed somewhat. High age and BMI treatment of

recurrence and motor nerve, but not radiotherapy and

6894 G. Kask et al.



reconstructive surgery, were significantly associated with

functional outcome in the multivariate sensitivity analysis.

Health-Related Quality of Life

The mean score (range) for the 15D and QLQ-C30 QoL

was 0.88 (0.44–1) and 73 (0–100), respectively. Based on

the HRQoL measures, 13–14% of patients had unimpaired

HRQoL. A maximum score was reported by 19 of 135

(14%) patients for the 15D overall score and 18 of 137

(13%) patients for the QLQ-C30 QoL scale.

The results of univariate and multivariate analyses are

presented in Table 6, while non-significant univariate

analysis results are presented in the electronic supple-

mentary material. Multivariate linear regression analysis

showed that lower HRQoL was statistically significantly

associated with higher age, higher BMI, and the need for

reconstructive surgery. Both measures showed statistically

significant results for age and BMI, and one of two (QLQ-

C30 QoL scale) showed statistically significant results for

the need for reconstructive surgery (Table 6). The results

of the sensitivity analysis excluding grade 1 liposarcomas

was similar to the main analysis (electronic supplementary

material).

DISCUSSION

Functional and HRQoL outcomes are important aspects

in sarcoma treatment. This study used a large sample of

patients with lower extremity STS and focused on post-

operative functional outcome and HRQoL. Mean

functional outcome and HRQoL were generally good, with

a considerable proportion having unimpaired functional

outcome and HRQoL. We found that both outcomes were

most consistently related to the patient-related factors of

age and BMI, while the treatment-related factors of

reconstructive surgery and radiotherapy also had an effect,

especially on functional outcome.

Functional Outcome

Different measures measure different aspects of func-

tional outcome. The TESS measures only lower limb

activity in relation to activity limitations,9–13 the QLQ-C30

PF scale measures certain physical abilities not exclusively

related to lower limb function,14 and the 15D mobility item

measures the need for assistance or how much help a

patient needs in daily life. The TESS measure has 30

questions, each having five different possible answers,

whereas the 15D mobility item has only one question and

five possible answers. The 15D mobility item is one of the

15 items included in the overall 15D HRQoL score, which

Patients alive
n = 292

Lower extremity 
STS patients

n =228

Not participating
n = 79

Patients signed a 
consent form

n = 149

Amputation patients excluded 
from the analyze (n=8)

Study patients 
n=141

Extremity STS patients 
identified from database

n = 391

FIG. 1 Flow of patient

recruitment. STS soft tissue

sarcoma
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may explain the different proportions of completely

asymptomatic patients (19–51%) measured by these three

measures. The TESS is the primary functional outcome

measure in patients with lower extremity STS, since it

specifically measures the function affected by the disease

and its treatment sequelae, but, in part, the same factors

also affect the other two measures, which measure overall

physical performance.

Previously published studies regarding functional out-

come after sarcoma surgery include varying numbers of

patients with lower extremity STS, and the heterogeneity

also varies. This makes comparison of functional outcome

measure scores between different studies difficult. In a

large literature review that focused on patients with lower

limb STS, the mean postoperative TESS score was 83.3.3

In our study, the mean TESS score was similar, i.e. 86.4.

Only a few previous studies have analyzed how patient-

related factors affect functional outcome in patients with

lower extremity STS.7,8 We found that higher age and

higher BMI were the most consistent determinants of

functional outcome in patients with lower limb STS, and

our results are supported by the studies of Davis et al.,

which include only patients with lower extremity7 or both

upper and lower extremity STS.24 Heaver et al. also

reported that higher age reduced functional outcome in a

heterogenic population of extremity tumor patients.25

Banierink et al. found that elderly patients had significantly

decreased functional outcome compared with younger

patients after a pelvic ring injury, due to age-related vul-

nerability and limited rehabilitation capacity in elderly

patients.26 Houdek et al. reported the opposite result for

BMI in two different studies of patients with upper or

lower limb STS,8,27 whereas no difference in the mean

TESS score was found between obese and non-obese

patients. However, the study of a cohort of patients by

Heaver et al., which included bone, hematological, benign

aggressive tumors, and metastatic disease, reported that

TABLE 2 Demographic and clinical data

n = 141

Female, n (%) 72 (51)

Age, years, mean (SD) 65 (15)

BMI, mean (SD) 27 (5)

Tumor status (%)

Primary 117 (83)

Recurrence 24 (17)

Tumor location, n (%)

Proximal 110 (78)

Distal 31 (22)

Sarcoma subtype, n (%)

Liposarcoma 56 (39.7)

Undifferentiated pleomorphic sarcoma 27 (19.1)

Sarcoma NOS 17 (12.1)

Leiomyosarcoma 16 (11.3)

Myxofibrosarcoma 9 (6.4)

Other 16 (11.4)

Tumor grade, n (%)

Low 73 (51.8)

High 68 (48.2)

Tumor depth, with relation to deep fascia

Superficial 40 (28.4)

Deep 101 (71.6)

Microscopical margins, n (%)

Intralesional 12 (8.5)

Marginal 88 (62.4)

Wide 41 (29.1)

Tumor size, mean (SD), cm 8 (6)

Wound closure, n (%)

Direct 89 (61.3)

Skin graft 22 (15.6)

Reconstruction 30 (21.3)

Radiotherapy, n (%)

Preoperative 10 (7.1)

Postoperative 46 (32.6)

Chemotherapy, n (%) 22 (15.6)

Complications, n (%)

Minor 11 (7.8)

Major 23 (16.3)

Time since surgery, months, mean (SD) 62 (38)

n number of patients;SD standard deviation

Location: proximal (groin, buttock, thigh) and distal (knee, lower leg,

foot and ankle)

TABLE 3 Reconstructions (35 of 141 limb salvage patients)

n = 35

Reconstruction n (%)

Microvascular LD 5 (3.5)

Local fasciocutaneous flap 4 (2.8)

Microvascular ALT 4 (2.8)

Pedicled ALT 3 (2.1)

Microvascular gracilis flap 3 (2.1)

Gastrocnemicus muscle transposition 2 (1.4)

Pedicled TFL 2 (1.4)

Other* 12 (8.5)

*Others included three oncovascular reconstructions, as well as one

each of pedicled sartorius, pedicled gracilis, pedicled suralis,

microvascular TFL, microvascular scapula, microvascular radial

forearm, propeller flaps, knee tumorprothesis and ligamentoplasty.

One mirovascular LD and one pedicled gracilis included oncovas-

cular reconstructions

LD Latissimus dorsi; ALT anterolateral thigh; TFL tensor faciae latae

6896 G. Kask et al.
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TABLE 6 Uni- and multivariate analysis of factors predictive for HRQoL in lower extremity STS patients

Characteristics Univariate Multivariate

15D

patients

15D1

mean

(SD)

b p value QLQ-

C30

patients

QoL2mean

(SD)

b p Value 15D1

b
p value QoL2

b
p value

Eligible cases 135/141 88 137/141 73

(11) (22)

Age (years)3 - 0.2 \ 0.01 - 0.4 \ 0.01 - 0.2 \ 0.01 - 0.3 \ 0.01

18–40 9/10 96 9/10 88

(6) (10)

41–50 11/11 94 11/10 82

(6) (15)

51–60 18/19 87 19/19 71

(15) (24)

61–70 39/41 87 39/41 74

(11) (22)

71–80 37/38 90 37/38 76

(9) (17)

[80 21/22 81 22/22 57

(13) (25)

Obesity3 - 0.5 0.01 - 0.7 0.04 - 0.5 \ 0.01 - 0.7 0.05

No obesity 40/41 90 41/41 76

(10) (18)

Overwight 45/45 89 45/45 77

(10) (20)

Obesity 37/37 84 37/37 67

(12) (24)

Tumor status - 5.2 0.04 - 11.9 0.02 0.1 0.96 - 3.7 0.45

Primary 111/117 89 113/117 75

(11) (21)

Recurrence 24/24 84 23/24 63

(12) (25)

Reconstruction - 3.4 0.14 - 9.5 0.03 - 3.7 0.09 - 11.1 \ 0.01

None 101/106 89 102/106 75

(11) (21)

Reconstruction 34/35 85 35/35 66

(12) (24)

Statistically significant univariate analysis results presented only (others reported in supplementary material)

p value\ 0.05 were considered significant and are given in bold

PF physical function factor; QoL quality of life; SD standard deviation; b unstandardized coefficients
115D overall score. In order to improve comparability with the other measures the 15D scale of 0–1 is converted into 0–100
2QLQ-C30 QoL scale
3Tested as continuous variable

Overweight and obesity was defined as BMI C 25 kg/m2 and C 30 kg/m2, respectively

Variables analyzed in univariate analysis: age, BMI, gender, sarcoma type, tumor grade, tumor status, surgery, location, depth, motoric nerve

resection, reconstruction surgery, tumor size, radiotherapy, complications, follow-up time
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higher BMI was associated with reduced functional

outcome.25

Some studies have found that female sex is related to

inferior postoperative functional outcome in patients with

extremity tumor.4,25 These studies have included either

bone and benign aggressive tumors or upper extremity

sarcomas. In the present analysis, which included only

patients with lower extremity STS, sex did not affect

postoperative functional outcomes. Our results are sup-

ported by the study by Davis et al., which also only

included patients with lower extremity STS.7

In the present analysis, tumor depth, a disease-specific

factor, was significantly related to outcome in univariate

analysis only. Again, a similar result was reported by Davis

et al.,7 who also found that depth was a significant factor in

univariate but not multivariate analysis. On the other hand,

Saebye and colleagues found that deep tumors were sta-

tistically significantly associated with decreased functional

outcome in patients with extremity STS, including upper

extremities.4 They also reported that patients with lower

extremity STS are at higher risk of functional impairment

compared with patients with upper extremity STS, which is

supported by the study of Weschenfelder et al.28 Saebye

et al. included upper extremities in their tumor depth

analysis, which might make an impact. Gerrand et al. found

no significant impairment in TESS score in superficial

tumors (mean 86.4% preoperatively vs. 90.9% postopera-

tively), but worse outcome in deep tumors (mean TESS

83.0% preoperatively vs. 79.4% postoperatively).29 The

difference in outcome is not necessarily of practical

importance as the minimal clinically important difference

has been defined as C 4–10 for the TESS.17 On the other

hand, the difference in postoperative TESS score between

superficial and deep tumors in the study by Gerrand et al.

exceeded this threshold (90.9 vs. 79.4).29 Interestingly, the

TESS score was higher postoperatively in superficial

tumors and lower in deep tumors.29

In addition to patient- and tumor-related factors, the

treatment-related factors of radiotherapy and reconstructive

surgery were associated with worse functional outcome in

the present study. Similar results were seen in the study by

Götzl et al.,30 who studied patients with both upper and

lower limb STS and found that patients treated with

neoadjuvant radiotherapy had lower functional outcome

compared with patients without radiotherapy.30 Lower

functional outcome scores in patients treated with radio-

therapy have also been reported in other studies.4,31 Davis

et al. reported that radiotherapy was associated with lower

functional outcome in univariate analysis but not in mul-

tivariate analysis,7 whereas Townley et al. found no

difference in functional outcome between extremity sar-

coma patients receiving or not receiving preoperative

irradiation;32 however, Townley et al. also included bone

sarcomas in the control group and functional outcome was

assessed in 21 of 40 extremity patients. Furthermore,

Townley et al. reported that the TESS scores for the pre-

irradiation and control groups were 81.7 (n = 15) and 92.4

(n = 6), respectively. In their study including patients with

trunk, lower and upper extremity, amputation, and bone

sarcoma patients, Weschenfelder et al. found a significant

association between adjuvant radiotherapy and lower

functional outcome.28

In our study, reconstructive surgery was associated with

lower functional outcome. Similar results were published

by Kang et al., where the flap reconstruction group, espe-

cially the free-flap group, had lower functional outcome

compared with patients with primary wound closure.33

Like radiotherapy, reconstructive surgery is often needed in

cases with more severe disease, usually in patients with

deep and large tumors.

Postoperative complications were associated with

somewhat worse functional outcomes in our study, but not

statistically significantly. Davis et al. found that compli-

cations were associated with lower functional outcome, as

measured by the MSTS 87 and 93 measures but not by the

TESS measure.7 Two studies, by Pradhan et al. and

Stoeckle et al., concluded that surgical complications led to

decreased functional outcome. The former study included

adductor compartment sarcomas only, with a wound

complication rate of 36%, while the latter study included

patients with trunk STS as well as both upper and lower

limb STS.34,35 In addition, Davis et al. reported that com-

plications were related to worse functional outcome in

patients with upper or lower extremity STS.24 Interestingly,

Slump et al. reported that complications were associated

with worse functional outcome in patients with upper

extremity STS but not in patients with lower extremity

STS.36 These findings suggest that patients with upper and

lower extremity STS should be analyzed separately for

functional outcome.

We performed a sensitivity analysis excluding cases

with grade 1 liposarcomas, since these cases are partly

managed according to different surgical principles and

radiotherapy is not recommended in these cases. The uni-

variate sensitivity analysis of functional outcome gave the

same results as in the main analysis, while radiotherapy

and reconstructive surgery lost their significance in the

multivariate analysis. On the other hand, motor nerve

resection and surgical treatment of a local recurrence rose

to significance in the multivariate sensitivity analysis;

however, patient age and BMI were still the strongest

determinants of functional outcome in the multivariate

analysis. The somewhat different results in the main and

sensitivity analyses may be partly due to the fact that many

treatment-related factors are closely related to each other,

which may render a multivariate statistical model unstable.
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The sensitivity analysis of HRQoL did not differ substan-

tially from the main analysis.

Health-Related Quality of Life

Only a few previous studies have focused on HRQoL in

patients with exclusively lower extremity STS,5,7 and even

fewer studies have focused on long-term outcome. Overall,

the mean QLQ-C30 QoL result in our study is comparable

with previously published results in patients with extremity

sarcoma, where QLQ-C30 QoL scores ranging from 65.1 to

76.6 have been reported.5,37,38 These scores are similar to

that of the general population, in which the normative

mean scores for the QLQ-C30 QoL measure in 13 Euro-

pean countries, Canada, and the Unites States have ranged

from 62.6 to 71.1.

Although we found the HRQoL of sarcoma patients to

be close to the expected level of the general population, the

treatment of sarcoma may affect HRQoL, at least after the

short-term follow-up.24,39,40 In our study, we found that the

only predictive factors statistically significantly influencing

postoperative long-term HRQoL were BMI, age, and the

need for reconstructive surgery. Both the 15D and QLQ-

C30 QoL measures demonstrated that higher age and

higher BMI decrease HRQoL, and only the QLQ-C30 QoL

measure indicated that reconstructive surgery, or the need

for it, negatively influenced HRQoL.

Previous studies generally support our findings relating

age to HRQoL but results on the association between

treatment-related factors and HRQoL vary. Furthermore, we

have not identified any previous studies associating BMI

with HRQoL in patients with lower extremity STS. Davis

et al. reported that age is a significant factor affecting

postoperative HRQoL in patients with lower extremity STS,

based on the SF-36 HRQoL measure,7 while Davidson et al.

reported that higher age and female sex decrease HRQoL,

but found no association between HRQoL and flap coverage,

use of radiotherapy, or wound complications at 1 year

postoperatively.6 The study by Davidson et al. included

patients with upper and lower extremity STS, as well as

patients with amputations.6 However, Götzl et al. studied

patients with both upper and lower limb STS and found that

patients treated with neoadjuvant radiotherapy had lower

HRQoL compared with patients who were not treated with

radiotherapy.30 The study by Weschenfelder et al., which

included patients with STS in the trunk and extremity, as

well as bone sarcomas, did not find any impact of radio-

therapy on HRQoL.28 Saebye et al. reported that only female

sex was associated with the decreased postoperative QLQ-

C30 score in patients with extremity STS. In their analysis,

Saebye et al. included both upper and lower extremities.

Our study has some limitations, including those inherent

to its retrospective design, as well as the absence of

preoperative functional outcome and HRQoL data. How-

ever, a strength of this study was its large sample size and

homogeneity, including patients with lower extremity STS

from a large tertiary academic referral center who were

treated with limb-salvage surgery. The participation rate

was 65%, which is relatively high for a mail survey.

Functional and HRQoL scores were prospectively and

structurally assessed using well-validated tools.

CONCLUSION

Post-treatment functional outcome of patients with lower

extremity STS is affected by BMI, age, and the need for

reconstructive surgery and radiotherapy. The most significant

predictors that affect HRQoL are BMI, age, and the need for

reconstructive surgery. Although tumor- and treatment-related

factors had an impact, patient-related factors such as age and

BMI were the most consistent and significant determinants of

both functional outcome and HRQoL.

FUNDING Open access funding provided by University of Hel-

sinki including Helsinki University Central Hospital.. The authors are

grateful for financial support from the Cancer Foundation and Cancer

Society of Finland for the research, authorship, and/or publication of

this article. The funding sources had no involvement in conducting

the research or preparation of the article.

DISCLOSURE Gilber Kask, Jussi P. Repo, Erkki J. Tukiainen,

Carl Blomqvist, and Ian Barner-Rasmussen declare they have no

competing or commercial interests.

ETHICAL REVIEW COMMITTEE STATEMENT Institutional

ethical board approval, nr HUS/1814/2017.

DATA STATEMENT All data are available from the corre-

sponding author upon reasonable request.

OPEN ACCESS This article is licensed under a Creative Commons

Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in any medium or format, as

long as you give appropriate credit to the original author(s) and the

source, provide a link to the Creative Commons licence, and indicate

if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless

indicated otherwise in a credit line to the material. If material is not

included in the article’s Creative Commons licence and your intended

use is not permitted by statutory regulation or exceeds the permitted

use, you will need to obtain permission directly from the copyright

holder. To view a copy of this licence, visit http://creativecommons.

org/licenses/by/4.0/.

REFERENCES

1. Toro JR, Travis LB, Wu HJ et al. Incidence patterns of soft tissue

sarcomas, regardless of primary site, in the surveillance, epi-

demiology and end results program, 1978–2001: An analysis of

26,758 cases. Int J Cancer 2006; 119: 2922–2930.

Sarcoma: Functionality and Quality of Life 6903

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


2. American Society of Clinical Oncology. Sarcoma, Soft Tissue:

Introduction.

3. Kask G, Barner-Rasmussen I, Repo JP et al. Functional Outcome

Measurement in Patients with Lower-Extremity Soft Tissue

Sarcoma: A Systematic Literature Review. Ann Surg Oncol
2019;26(13):4707–4722.

4. Saebye C, Fugloe HM, Nymark T et al. Factors associated with

reduced functional outcome and quality of life in patients having

limb-sparing surgery for soft tissue sarcomas - a national multi-

center study of 128 patients. Acta Oncol 2017; 56: 239–244.

5. Podleska LE, Kaya N, Farzaliyev F et al. Lower limb function

and quality of life after ILP for soft-tissue sarcoma. World J Surg
Oncol 2017; 15: 84.

6. Davidson D, Barr RD, Riad S et al. Health-related quality of life

following treatment for extremity soft tissue sarcoma. J Surg
Oncol 2016; 114: 821–827.

7. Davis AM, Sennik S, Griffin AM et al. Predictors of functional

outcomes following limb salvage surgery for lower-extremity soft

tissue sarcoma. J Surg Oncol 2000; 73: 206–211.

8. Houdek MT, Hevesi M, Griffin AM et al. Morbid Obesity Is

Associated With an Increased Risk of Wound Complications and

Infection After Lower Extremity Soft-tissue Sarcoma Resec-

tion. J Am Acad Orthop Surg 2019; 27: 807–815.

9. Davis AM, Wright JG, Williams JI et al. Development of a

measure of physical function for patients with bone and soft

tissue sarcoma. Qual Life Res 1996; 5: 508–516.

10. WF E. Modification of the system for functional evaluation in the

surgical management of musculoskeletal tumours. In: Enneking

WF (ed). Limb Salvage in Musculoskeletal Oncology. New York,

NY: Churchill Livingstone; 1987.

11. Davis AM. Functional outcome in extremity soft tissue sarcoma.

Semin Radiat Oncol 1999; 9: 360–368.

12. Furtado S, Errington L, Godfrey A et al. Objective clinical

measurement of physical functioning after treatment for lower

extremity sarcoma: A systematic review. Eur J Surg Oncol 2017;

43: 968–993.

13. Tang MH, Pan DJ, Castle DJ, Choong PF. A systematic review of

the recent quality of life studies in adult extremity sarcoma sur-

vivors. Sarcoma 2012; 2012: 171342.

14. Aaronson NK, Ahmedzai S, Bergman B et al. The European

Organization for Research and Treatment of Cancer QLQ-C30: a

quality-of-life instrument for use in international clinical trials in

oncology. J Natl Cancer Inst 1993; 85: 365–376.

15. Luckett T, King MT, Butow PN et al. Choosing between the

EORTC QLQ-C30 and FACT-G for measuring health-related

quality of life in cancer clinical research: issues, evidence and

recommendations. Ann Oncol 2011; 22: 2179–2190.

16. Sintonen H. The 15D instrument of health-related quality of life:

properties and applications. Ann Med 2001; 33: 328–336.

17. Ogura K, Uehara K, Akiyama T et al. Minimal clinically

important differences in Toronto Extremity Salvage Score for

patients with lower extremity sarcoma. J Orthop Sci
2020;25(2):315–318.

18. Alanne S, Roine RP, Rasanen P et al. Estimating the minimum

important change in the 15D scores. Qual Life Res 2015; 24:

599–606.

19. Osoba D, Rodrigues G, Myles J et al. Interpreting the significance

of changes in health-related quality-of-life scores. J Clin Oncol
1998; 16: 139–144.

20. Broders AC, Hargrave R, Meyerding HW. Pathologic features of

soft tissue fibrosarcoma with special reference to the grading of

its malignancy. Surg Gynaecol Obstet 1939; 69: 267–280.

21. Angervall L, Kindblom LG. Principles for pathologic-anatomic

diagnosis and classification of soft-tissue sarcomas. Clin Orthop
Relat Res 1993;(289):9–18.

22. Pollock RE, Karnell LH, Menck HR, Winchester DP. The

National Cancer Data Base report on soft tissue sarcoma. Cancer
1996; 78: 2247–2257.

23. World Health Organization. Global status report on noncommu-

nicable diseases in 2014. Geneva: World Health Organization;

2014.

24. Davis AM, O’Sullivan B, Bell RS 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.

25. Heaver C, Isaacson A, Gregory JJ et al. Patient factors affecting

the Toronto extremity salvage score following limb salvage

surgery for bone and soft tissue tumors. J Surg Oncol 2016; 113:

804–810.

26. Banierink H, Reininga IHF, Heineman E et al. Long-term phys-

ical functioning and quality of life after pelvic ring injuries. Arch
Orthop Trauma Surg 2019; 139: 1225–1233.

27. Houdek MT, Griffin AM, Ferguson PC, Wunder JS. Morbid

Obesity Increases the Risk of Postoperative Wound Complica-

tions, Infection, and Repeat Surgical Procedures Following Upper

Extremity Limb Salvage Surgery for Soft Tissue Sarcoma. Hand
(N Y) 2019; 14: 114–120.

28. Weschenfelder W, Gast-Froehlich S, Spiegel C et al. Factors

influencing quality of life, function, reintegration and participa-

tion after musculoskeletal tumour operations. BMC Cancer 2020;

20: 351.

29. Gerrand CH, Wunder JS, Kandel RA et al. The influence of

anatomic location on functional outcome in lower-extremity soft-

tissue sarcoma. Ann Surg Oncol 2004; 11: 476–482.

30. Gotzl R, Sterzinger S, Semrau S et al. Patient’s quality of life

after surgery and radiotherapy for extremity soft tissue sarcoma: a

retrospective single-center study over ten years. Health Qual Life
Outcomes 2019; 17: 170.

31. Harati K, Kirchhoff P, Behr B et al. Soft tissue sarcomas of the

distal lower extremities: A single-institutional analysis of the

prognostic significance of surgical margins in 120 patients. Oncol
Rep 2016; 36: 863–870.

32. Townley WA, Mah E, O’Neill AC et al. Reconstruction of sar-

coma defects following pre-operative radiation: free tissue

transfer is safe and reliable. J Plast Reconstr Aesthet Surg 2013;

66: 1575–1579.

33. Kang S, Han I, Kim S et al. Outcomes after flap reconstruction for

extremity soft tissue sarcoma: a case-control study using

propensity score analysis. Eur J Surg Oncol 2014; 40:

1101–1108.

34. Pradhan A, Cheung YC, Grimer RJ et al. Does the method of

treatment affect the outcome in soft-tissue sarcomas of the

adductor compartment? J Bone Joint Surg Br 2006; 88:

1480–1486.

35. Stoeckle E, Michot A, Rigal L et al. The risk of postoperative

complications and functional impairment after multimodality

treatment for limb and trunk wall soft-tissue sarcoma: Long term

results from a monocentric series. Eur J Surg Oncol 2017; 43:

1117–1125.

36. Slump J, Hofer SOP, Ferguson PC et al. 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.

37. Zahlten-Hinguranage A, Bernd L, Ewerbeck V, Sabo D. Equal

quality of life after limb-sparing or ablative surgery for lower

extremity sarcomas. Br J Cancer 2004; 91: 1012–1014.

38. Hudgens S, Forsythe A, Kontoudis I et al. Evaluation of Quality

of Life at Progression in Patients with Soft Tissue Sarcoma.

Sarcoma 2017; 2017: 2372135.

39. Saebye C, Amidi A, Keller J et al. Changes in Functional Out-

come and Quality of Life in Soft Tissue Sarcoma Patients within

6904 G. Kask et al.



the First Year after Surgery: A Prospective Observational Study.

Cancers (Basel) 2020;12(2):463.

40. Rivard JD, Puloski SS, Temple WJ et al. Quality of life, func-

tional outcomes, and wound complications in patients with soft

tissue sarcomas treated with preoperative chemoradiation: a

prospective study. Ann Surg Oncol 2015; 22: 2869–2875.

Publisher’s Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

Sarcoma: Functionality and Quality of Life 6905


	Soft Tissue Sarcoma of Lower Extremity: Functional Outcome and Quality of Life
	Abstract
	Background
	Objective
	Methods
	Results
	Conclusion

	Methods
	Study Design
	Outcome Measures
	Toronto Extremity Salvage Score (TESS)
	European Organisation for Research and Treatment of Cancer (EORTC) Quality-of-Life Questionnaire (QLQ)-C30


	Dimension (15D)
	Used Measures
	Helsinki Soft Tissue Sarcoma Group Protocol for Diagnostic Work-Up, Treatment, and Follow-Up
	Clinical and Tumor Data Classification
	Statistical Analysis

	Results
	Functional Outcome
	Health-Related Quality of Life

	Discussion
	Functional Outcome
	Health-Related Quality of Life

	Conclusion
	Open Access
	References




