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KEYWORDS Summary The most widely used patient-reported outcome (PRO) measure for soft tissue sar-
Neoplasms; coma (STS) patients is the Toronto Extremity Salvage Score (TESS). The aim of the study was
Soft tissue; to validate and test the reliability of the TESS for patients with lower extremity STS based
Sarcoma; on Finnish population data. Patients were assessed using the TESS, the QLQ-C30 Function and
Outcome; Quality of life (QoL) modules, the 15D and the Musculoskeletal tumour Society (MSTS) score.
Function; The TESS was completed twice with a 2- to 4-week interval. The intraclass correlation coef-
Validation ficient (ICC) was used for test-retest reliability. Construct validity was tested for structural

validity and convergent validity. Altogether 136 patients completed the TESS. A ceiling effect
was noted as 21% of the patients scored maximum points. The ICC between first and second ad-
ministration of the TESS was 0.96. The results of exploratory factor analysis together with high
Cronbach’s alpha (0.98) supported a unidimensional structure. The TESS correlated moderately
with the MSTS score (rho=0.59, p< 0.001) and strongly with the mobility dimension in the 15D
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HRQL instrument (rho=0.76, p < 0.001) and the physical function in QLQ-C30 (rho=0.83, p<

0.001).

The TESS instrument is a comprehensive and reliable PRO measure. The TESS may be used
as a validated single index score, for lower extremity STS patients for the measurement of a
functional outcome. The TESS seems to reflect patients’ HRQoL well after the treatment of
lower extremity soft tissue sarcomas.

© 2020 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by El-

sevier Ltd. All rights reserved.

Introduction

Soft tissue sarcomas (STSs) are a rare group of heteroge-
neous mesenchymal tumours that represents approximately
1% of all solid malignancies in adults.” These neoplasms can
arise in any site, but the most common anatomical location
is the lower extremity, accounting for more than 50% of all
STS.?

Several methods have been described for assessing func-
tional outcome, including patient-reported outcome (PRO),
clinician-reported outcome (ClinRO) and different objec-
tive or performance-related outcome measures 3°. The
most widely used tools for the treatment outcome assess-
ment of lower extremity STS are the Toronto Extremity Sal-
vage Score (TESS)’ and the Musculoskeletal tumour Society
(MSTS) score.36:8°

Any chosen measure for the assessment of outcome
should be relevant, comprehensive and comprehensible
with respect to the study population . The TESS is a
PRO measure that can be used to assess outcome from
the patient’s point of view. It is extremity-specific and
measures performance and physical disability in activities
of daily living.” In addition to its proven good psychometric
properties,'""” the minimal clinically important difference
(MCID) has recently been estimated for the TESS,'® further
supporting its use. The English version of the TESS has
been previously validated for lower extremity sarcoma
patients ''. TESS has been translated and validated into the
Chinese, Dutch, Korean, Danish, Portuguese and Japanese
languages.'”"” Although the TESS has been previously vali-
dated and its reliability tested, no studies have focused on
validating the TESS solely for lower extremity STS patients.
Previous publications have used a heterogeneous population
of either upper or lower extremity STS patients, the combi-
nation of soft tissue and bone sarcoma patients or patients
with both benign and malignant tumours. The validation
study sample should represent the population of interest,®
in this case lower extremity soft tissue sarcoma. The
TESS has been previously translated and cross-culturally
adapted into Finnish and tested in a pilot study,?® but
so far it has remained psychometrically unvalidated for
assessing outcomes after the treatment of lower extremity
STS.

The aim of this study was to validate and assess the relia-
bility of the lower extremity section of the TESS for patients
with lower extremity STS based on Finnish population data.
More specifically the purpose was: (1) to study the validity
and reliability of the Finnish version of the TESS and (2) to
further investigate the psychometric properties of the TESS
measure in lower extremity STS patients.

Methods
Study design

The protocol of this cross-sectional study was accepted by
the Ethics Committee of the Helsinki and Uusimaa Hospi-
tal District, Finland. This study report was performed using
the STROBE guidelines. The results of the study were in-
terpreted and reported according to COnsensus-based Stan-
dards for the selection of health status Measurement INstru-
ments (COSMIN) guidelines.'® The validation of the Finnish
version of the lower limb TESS was performed amongst pa-
tients treated for soft tissue tumours at Helsinki University
Hospital between the years 2006 and 2015, as identified
from hospital databases by ICD-10 codes as well as by the
NOMESCO Classification of Surgical Procedures codes. Inclu-
sion criteria were age of at least 18 years, surgical treat-
ment for lower extremity STS, local disease at the time of
diagnosis, minimum follow-up of 6 months, completion of
the TESS twice at separate time points and written informed
consent.

Demographic, clinical, surgical and oncological data
were collected retrospectively, functional outcome and
health-related quality of life (HRQoL) outcome data were
collected prospectively. Two functional outcome measures
(TESS and MSTS 1993) and two HRQoL outcome measures
(QLQ-C30 and 15D) were used.

Patients were invited to participate in the study by
mail. Signing the informed consent form and completion of
the questionnaires confirmed patients’ participation in the
study. After 2-4 weeks, a second mail was sent to partici-
pants, and they completed the TESS questionnaire a second
time. Within 2 weeks of receiving the signed informed con-
sent, a specially educated sarcoma nurse interviewed the
patient by telephone and assessed the MSTS score.

Tumour location in the lower extremity was defined as
a tumour distal to the inguinal ligament anteriorly or il-
iac crest posteriorly. The classification of tumour depth was
based on the relationship to the superficial fascia - tumours
were defined as superficial when superficial to and not infil-
trating the fascia.

Outcome measures

TESS

The TESS is a self-administered PRO questionnaire that in-
cludes 30 items regarding activity limitations in daily life,
such as restrictions in body movement, mobility, self-care
and performance of daily tasks and routine, in lower ex-
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tremity STS patients. The tasks are rated from 0 (not possi-
ble) to 5 (without any problem). The raw score is converted
to a score ranging from 0 to 100 points, with higher scores
indicating a less functional limitation.’

The MCID is recently reported for the TESS question-
naire.'® MCID is the smallest difference in score, which a
patient feels as beneficial and therefore could mandate a
change in the patient’s management.?' MCID for the TESS in
lower extremity sarcoma patients using distribution-based
and anchor-based methods would be around 5 points at 6
months and range between 4 and 10 points at 12 months'é,

MSTS 1993

The MSTS 1993 score is a limb- and oncology-specific ClinRO
measure, measuring functional outcome and impairment.?
The MSTS 1993 score is a revised version of the original MSTS
1987 score’ and places less importance on clinical parame-
ters in favour of a functional outcome. A physician com-
pletes six items together with the patient. There are sepa-
rate questionnaires for lower and upper extremities. Pain,
function and emotional acceptance are measured for both
lower and upper extremities. The use of walking aids, gait
and walking are evaluated for the lower extremity only. All
categories are rated on a scale from 0 to 5, with 5 represent-
ing normal function. Function is reported as a percentage of
the maximum score.

EORTC QLQ-C30

The European Organisation for Research and Treatment of
Cancer (EORTC) QLQ-C30 questionnaire is designed for as-
sessing HRQoL in cancer patients.? In the current study, the
Physical Function and Global Quality of life modules of the
QLQ-C30 were used to measure cancer-related functional
impairment and complaints as well as impairment in the
perceived quality of life. A result is scored from 0 to 100,
with higher scores indicating better health.

15D

The 15D is a generic and self-administered HRQoL PRO in-
strument.” The questionnaire contains 15 dimensions of
health: mobility, vision, hearing, breathing, sleeping, eat-
ing, speech, excretion, usual activities, mental function,
discomfort and symptoms, depression, distress, vitality and
sexual activity. Each dimension has five levels, describing
the patient’s health state at that moment. A general HRQoL
score is calculated from the results of all 15 dimensions us-
ing a formula provided by the authors of the instrument. The
index score varies between 0 representing the worst imag-
inable HRQoL and 1 representing the best. In the current
study, the mobility item of the 15D was also used separately.

Statistical analysis

The demographic and clinical data are presented as means
with standard deviations (SDs) and 95% confidence inter-
vals (Cls) or as counts with percentages. The distribution
of TESS scores was assessed. Floor and ceiling effects were
examined to assess scale targeting. Floor or ceiling effect
was considered confirmed if more than 15% of the patients
received minimum or maximum scores, respectively.?* The
‘ceiling effect’ describes the situation when many subjects

in the study have scores at or close to the upper limit.?> A
floor effect is the opposite situation, i.e. if over 15% of pa-
tients score minimum points. Large ceiling and floor effects
may be an indication that the TESS measure lacks content
validity. Furthermore, to examine the influence of clinical
factors, the floor and ceiling effects were examined sepa-
rately in the following subgroups: patients with reconstruc-
tion vs. no reconstruction, muscle resection vs. no muscle
resection, radiation therapy vs. no radiation therapy and
high vs. low tumour grade. In addition, the influence of the
length of follow-up time was examined by calculating Spear-
man’s correlation coefficient between the time of operative
treatment and the first administration of the TESS.

Test-retest reliability of the TESS was examined by cal-
culating the intraclass correlation coefficients (ICC) and 95%
Cls between the scores of the first and the second adminis-
tration. ICC values over 0.7 were interpreted as the suffi-
cient stability of the scores between the administrations,
whereas ICC values below 0.7 indicated unacceptable sta-
bility."%-%¢ In addition, difference in the first and second ad-
ministration scores was examined using paired samples t-
test. In clinical trials, test-retest reliability is the most im-
portant type of reliability for PRO instruments.?” It shows
the stability of the instrument over time, in case no change
is detected in the concept of interest.?” The test-retest reli-
ability is high when the score remains unchanged and when
retested within a short time interval.

Construct validity of the TESS was tested regarding struc-
tural validity, convergent validity and measurement invari-
ance. Construct validity is the extent to which the measure
‘behaves’ in a way that is consistent with theoretical hy-
potheses and represents how well scores of the instrument
are indicative of the theoretical PRO construct.?®

Structural validity is one aspect of construct validity, and
it shows the degree to which the scores of a PRO instrument
are an adequate reflection of the dimensionality of the con-
struct to be measured.? The structural validity of the TESS
was assessed with an exploratory factor analysis (EFA). EFA
was conducted to test the unidimensionality of the TESS and
to define the best-fit model. A factor loading value of 0.4
was used as a cut-off value in determining sufficient fac-
tor representation.?? A parallel analysis was performed to
determine the number of factors to examine in the EFA.

Internal consistency was assessed by calculating Cron-
bach’s alpha for all 30 items of the TESS. The bootstrap-
ping method of 1000 repetitions was used to obtain the 95%
Cls.®" An alpha value of 0.7 was used as a cut-off point,
with values above it representing acceptable internal con-
sistency.'® Furthermore, alpha values over 0.9 indicate that
there might be redundant items in the scale.

Convergent validity refers to how closely the instrument
is related to other variables and other measures of the same
construct and it should not correlate with dissimilar ones.>?
The convergent validity of the TESS was evaluated by ex-
amining the convergence between the TESS and the MSTS
scores, the Physical Function and the Global Quality of life
subscales of the QLQ-C30 and the general HRQoL 15D in-
dex score as well as its mobility dimension. The Spearman’s
correlation coefficients between the instruments were cal-
culated.

Measurement invariance should be evaluated when a
PRO instrument is or will be used in different patient
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Table 1 Sociodemographic and clinical characteristics of
participants.
b N=136
Met th; lizlclusion criteria I:> q::;;iizdgg:aﬁﬁsl Female, n (%) 70 (51)
patients non-Finnish speakers 5 patients Age, years, mean (SD) 65.6 (14.4)
hat BMI, mean (SD) 27.3 (5.4)
Recruitment by mail Tumour status (%)
Sent informed consent form, Primary 111 (81 6)
the TESS, the 15D and the QLQ-C30 Local recurrence 25 (1 8.4)
214 patients Sarcoma, n (%)
hd Liposarcoma 52 (38.2)
[ Received written consent, TESS, 15D and QLQ-C30 } U araiicd Fesmaihie s 27 (19.9)
LSipationts Sarcoma NOS 17 (12.5)
et Leiomyosarcoma 16 (11.8)
Received second TESS Myxofibrosarcoma 10 (7.4)
e et Other 14 (10.2)
Surgical procedure
Figure 1 Patients’ recruitment. Excision 98 (72.1)
Myectomy 33 (24.3)
Amputation 4(2.9)
populations. Measurement invariance shows the degree to Rotationplasty 1(0.7)
which the items of the instrument perform independently of Myectomy excision
demographic characteristics of the patients. To assess mea- Rotationplasty 1(0.7)
surement invariance, the associations of the TESS and sex, Histological margin, n (%)
age and body mass index (BMl) were examined. The influ- Intralesional 12 (8.8)
ence of age and BMI on TESS was examined using Spearman’s Marginal 81 (59.6)
correlation coefficients. The strength of the correlations Wide 43 (31.6)
was interpreted as follows: 0.00-0.30 negligible, 0.30-0.50 Tumour size, mm and mean (SD) 80.7 (61.4)
weak, 0.50-0.70 moderate, 0.70-0.90 strong and 0.90-1.00 Wound closure, n (%)
very strong.>* The difference in the TESS between men and Direct 82 (60.3)
women was tested using independent samples t-test. Split-thickness skin graft 22 (16.2)
Statistical analyses were conducted using R 3.6.1 and Flap reconstruction 32 (23.5)
SPSS 25.0 statistical software. Radiotherapy (%)
Yes 55 (40.4)
No 81 (59.6)

Results

A flow sheet of recruitment is shown in Figure 1. A total of
136 patients completed the TESS questionnaires two times
in 2-4 weeks’ interval. The MSTS, the 15D and the QLQ-
C30 were completed by 74/136 (54%), 135/136 (99%) and
136/136 (100%) of patients, respectively. Median follow-up
from surgery to first administration was 5.1 years (range:
0.5-16.4). Sociodemographic and clinical details are pre-
sented in Table 1, reconstructive methods in Table 2.

The distribution of the TESS total scores was strongly
skewed towards higher scores, indicating good outcomes
(Figure 2). The length of follow-up time was not associated
with the TESS scores (rho=0.11, p=0.21). As none of the
patients scored minimum points, there was no floor effect.
A ceiling effect was present, as 29 patients (21%) obtained
the maximum score. The ceiling effect was independent of
reconstructive procedures performed (maximum score 16%
vs. 23% for reconstruction vs. no reconstruction) or muscle
resection (maximum score 17% vs. 32% for muscle resection
vs. no muscle resection) as well as of tumour grade (max-
imum score 16% vs. 23% for high grade vs. low grade). In
patients who had undergone radiation therapy, no ceiling
effect was observed as the proportion of patients obtaining
maximum score was 9%, whereas amongst the patients who

SD - standard deviation, NOS - not otherwise specified and BMI -
body mass index.

Table 2 Reconstructions (33 of 136 patients).

=
I

w
w

Reconstructions, n (%)
Microvascular LD
Stylo cutanea directa
Microvascular ALT
Pedicular ALT
Stylo microvascularis gracilis
Transpositio musculus gastrocnemicus
Pedicular tensor fascia lata
Other

ALT - anterolateral free flap and LD - latissimus dorsi.

= NDNNWMN-HMNOG

had not undergone radiation therapy, a ceiling effect was
present (maximum score 30%).

The mean scores of the first and second administration
of the TESS showed no significant difference. The ICC be-
tween the first and second administration scores was 0.95
(95% C1=0.93-0.96 and p < 0.001; Figure 3).
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40

Number of patients
nN
3

0 25 50 75 100
TESS score

Figure 2 Distribution of TESS scores.

100 1

TESS 2. administration

0 25 50 75 100
TESS 1. administration

Figure 3 Linearity between first and second administration scores of the TESS.

The parallel analysis indicated the inclusion of eight fac-
tors in the EFA (Figure 4). EFA of the TESS items with eight
included factors revealed four factors filling the Kaiser cri-
teria of Eigenvalue over 1. Factor 1 (Eigenvalue=22.3)
explained 74.4% of the variance, while factors 2 (Eigen-
value=1.9), 3 (Eigenvalue =1.3) and 4 (Eigenvalue =1.0)
explained 6.4%, 4.2% and 3.3% of the total variance, respec-
tively. However, all items, except item 29, loaded strongest
on factor 1. Item 29 loaded strongest on factor 3 (load-
ing value 0.557), although the loading on factor 1 was also
strong (loading value 0.515). The loading values on factor 1
varied between 0.515 and 0.947 across all items. High load- —————————————
ing of all items on factor 1 indicates unidimensional one fac- 12345678 9100 M21N45 8 A 2R 22 LPERLB0
tor structure of the TESS leaving other factors insignificant. Factor Number
Cronbach’s alpha of the TESS items was 0.97 (95% Cl1=0.97

* (Observed Data
@ Simulated Data (95th %ile)

Eigenvalue

n
1

- ]

Figure 4 Scree plot for eigenvalues of the factors.
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Table 3 Predefined hypotheses and conclusions of measured psychometric properties of the TESS.

Feature Hypothesis Conclusion
Scale targeting
No floor effect Min score <15% Confirmed
No ceiling effect Max score <15% Rejected
Test-retest reliability
Correlation between baseline and repeated admission scores ICC > 0.7 Confirmed
Construct validity
Structural validity
EFA Unidimensional best-fit model Confirmed
Internal consistency Cronbach’s alpha > 0.7 Confirmed
Convergent validity
Convergence with MSTS score Significant and at least low correlation with Confirmed
MSTS score (rho > 0.3 and p < 0.05)
Convergence with 15D and Mobility dimension Significant and at least low correlation with Confirmed
15D index and 15D Mobility (rho > 0.3 and
p < 0.05)
Convergence with QLQ-C30 Function and Quality of life Significant and at least low correlation with Confirmed
QLQ-C30 Function and Quality of life (rho
> 0.3 and p < 0.05)
Measurement invariance
Independency of demographic characteristics Non-significant or negligible associations
with demographic characteristics Confirmed/
Rejected

EFA = Exploratory Factor Analysis.
ICC = Intraclass Correlation Coefficient.

- 0.98), indicating very high internal consistency, which on
the other hand, suggests item redundancy.

TESS showed strong correlations to the 15D Mobility
dimension (rho=0.76, 95% Cl from —0.84 to —0.66 and
p < 0.001) and the General HRQoL index (rho=0.75, 95%
Cl=0.66-0.82 and p < 0.001) as well as to the QLQ-C30 sub-
scales of Physical Function (rho=0.83, 95% Cl 0.76 to 0.88
and p < 0.001) and Global QoL (rho=0.71, 95% Cl from 0.60
to 0.79 and p < 0.001). The correlation between TESS and
MSTS was moderate (rho=0.59, 95% Cl=from 0.40 to 0.73
and p < 0.001).

Significant negative correlations of the TESS with age
(rho=-0.23 and p=0.006) and BMI (rho=-0.25 and
p=0.006) existed, although they were low. No signifi-
cant difference between TESS scores of male and female
subjects was observed (p=0.143). Conclusions of mea-
sured psychometric properties of the TESS are presented
in Table 3.

Discussion

The results of this study indicate the ability of the TESS
to function as a single index score, as the results of EFA
provided strong support for the unidimensionality of the in-
strument. A slight ceiling effect was noted (21%), poten-
tially demonstrating problems in the content validity of the
TESS instrument for assessing long-term outcomes after the
treatment of lower extremity STS. The high test-retest reli-
ability of the TESS is in line with previous findings, with ICC
ranging between 0.87 and 0.94.'%,13

Our results generally supported the hypothesized one-
factor model of the TESS, indicating sufficient structural

validity. Factor analysis is usually performed to test whether
the instrument can be used as a single item score, the items
should be separated into modules or the items should be
presented as a profile. The EFA including eight factors sug-
gested by parallel analysis found eventually four potential
factors for the TESS. The loading values on factor 1 were,
however, high across all items, suggesting the insignificance
of other factors. The result can be interpreted supporting
the unidimensional structure on one factor of the TESS.
The studies by Xu et al. and Ogura et al. found a two-
factor structure in the Chinese and Japanese versions of
the TESS.">' The more heterogeneous sample of lower
extremity sarcoma patients could potentially be the reason
for the difference. On the other hand, in previous publica-
tions investigating the internal consistency, the Cronbach’s
alpha has been high, ranging from 0.94 to 0.98.""'41¢, High
Cronbach’s alpha was also supporting the unidimensional
structure of the TESS. Despite this discrepancy, it seems
that the TESS could be used as a single index score for
lower extremity STS patients. As the TESS is a single index
score, the score should be presented as a sum of the TESS
score and which presents one factor, the physical function.
In contrast to QLQ-C30 questionnaire, where different
indexes or modules can be reported separately and present
different aspects of patients’ HRQoL.??

In contrast to Kim et al. who noted a high correlation
between the TESS and the MSTS score (0.77),"? the correla-
tion observed in the current study was slightly lower (0.59).
However, Kim’s study included 47% bone sarcoma patients
and 50% of patients had undergone bone resection, possi-
bly explaining the differences in correlation results. The
correlation between the TESS and relevant items in QLQ-
C30 and 15D global was strong. This is in accordance with
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the study by Kim et al., where the correlation was also
strong (rho=0.77 and 0.83)."> Based on the results pre-
sented here, the TESS seems to reflect patients’ HRQoL well
after the treatment of lower extremity STS.

A ceiling effect was noted as 21% of our patients who ob-
tained the maximum score. This is in line with the results
of Ogura et al., where a ceiling effect was noted with 16.7%
of patients who obtained the maximum score.” The ceil-
ing effect was present in all subgroups, except for patients
who received radiotherapy. Twenty-one percent of patients
fulfilling the inclusion criteria had died, which may have
caused some bias. This may have contributed to the high
ceiling effect, due to the self-selection of high-functioning
patients. The phenomenon is inevitable using the TESS in-
strument in this field. This potentially demonstrates prob-
lems in the content validity. One obvious potential reason
for the ceiling effect may be that many STS patients have
an excellent functional result.

The study sample should represent the population of in-
terest,’” but many of the previous validation studies of the
TESS have been done on the heterogeneous population, in-
cluding upper extremity and bone sarcoma patients. Pre-
vious studies have included 48-126 extremity tumour pa-
tients, but the amount of lower extremity STS patients
ranged from zero to fifty-one or the number of patients was
not clear."""”

The strength of this study was its large sample size,
which can be considered suitable for conducting psychome-
tric tests.>* All statistical analyses were based on predefined
hypotheses adhering to the COSMIN guidelines.?-34 Testing
at two distinct time points gave important information
about the reproducibility of the instrument. The inclusion
criteria were wide to generate a representative sample of
patients with lower extremity STS treated at a large tertiary
academic referral centre. A further strength of the present
analysis was the more homogeneous patient material in
contrast to previous ones, including bone sarcoma patients
(or upper extremity patients).

Conclusion

The current study was the first to validate the TESS dis-
tinctly for lower extremity STS patients using the largest
sample size published thus far. Despite the ceiling effect,
the TESS instrument is a comprehensive and reliable PRO
measure, providing valid scores in assessing the functional
outcome after the treatment of lower extremity STS. Our
study shows that the instrument functions as a single index
score. The TESS reflects patients’ HRQoL, indicating its rel-
evance in studying the functional outcome after the surgical
treatment of lower extremity STS.
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