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Abstract

Purpose We conducted a systematic review of studies reporting on measurement of health-related quality of life (HRQoL),
with a special focus on the use of the preference-weighted instruments, in patients with extremity bone sarcoma treated with
limb-salvage surgery or amputation.

Methods We searched MedLine, Embase, Cochrane Library and Web of Science for English-language studies reporting on
HRQoL of patients with bone sarcoma from inception to 28 August 2023. All records found were independently reviewed
by two reviewers. We used the Newcastle-Ottawa Scale (NOS) and the CONSORT 2010 checklist to assess the quality of
the cohort and randomised studies, respectively.

Results The search identified 1225 records, of which 16 studies were included for data extraction. Only one study used a
preference-weighted instrument for measuring HRQoL in a small sample of patients (n=28). Ten studies used the generic
SF-36 questionnaire, but no preference-weighted HRQoL based on SF-6D was derived from the SF-36 scores. Most stud-
ies comparing HRQoL between amputation and limb-salvage surgery reported no significant differences. Twelve cohort
studies scored six or more out of nine points based on the NOS. The only randomised study scored 54% on the CONSORT
2010 checklist.

Conclusions The approaches used to measure HRQoL were inconsistent and outcome scores varied substantially. Only one
study used preference-weighted instruments for HRQoL measurement. Future research into the surgical treatment of extremity
bone sarcoma should consider the use of preference-weighted instruments to measure HRQoL, which will therefore enable
economic evaluation for the growing orthopaedic armamentarium of novel surgical interventions.

Registration This systematic review was registered with the PROSPERO International prospective register of systematic
reviews (CRD42021282380).

Keywords Health-related quality of life - Health utility - Bone sarcoma - Limb salvage - Amputation - Surgery

Introduction

Bone sarcomas are rare cancers, with osteosarcoma, chon-
drosarcoma, and Ewing sarcoma being the most frequently
diagnosed and usually located in the lower limb [1]. Stand-
ard treatment of the most common bone sarcoma, osteo-
sarcoma, involves neoadjuvant chemotherapy and surgical
resection of the tumour [2—4]. Amputation was once the
standard surgical treatment for extremity tumours, but it is
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now reserved for non-resectable tumours with soft tissue
and neuromuscular contamination that make it too difficult
to salvage the limb [5]. Advances in imaging techniques and
chemotherapy then led to a major shift away from amputa-
tion and toward limb-salvage surgery [2], with limb-salvage
surgery currently being applicable to approximately 80-90%
of patients with osteosarcoma [6-8].

During the last decade, there have been many advances in
limb-salvage surgery, such as the use of computer-assisted
surgery, 3D-printed patient-specific implants (PSI) and cut-
ting-guides, and the combination of robotic-assisted surgery
and a 3D-printed PSI [9-13]. These and other novel surgical
approaches seek to improve long-term surgical outcomes and
health-related quality of life (HRQoL) of patients. HRQoL is
an important outcome measure in surgical oncology and has
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been widely used in economic evaluation of new interven-
tions, allowing patients’ views about their own health and
functioning to be taken into account in assessing treatment
success.

With emerging interventions becoming available to ortho-
paedic oncologists, access to new technology, provided it is
safe and effective, will depend on robust evidence that it is
cost-effective. Payers in many countries such as the UK and
Australia use Health Technology Assessment (HTA) pro-
cesses to judge cost-effectiveness and ensure that increased
costs are justified by increased benefits to patients. The most
common measure of effectiveness in HTA is quality-adjusted
life years (QALYs), a metric that combines both the quality
and quantity of life lived into a single value and then allows
for comparisons to be made across different disease areas
[14]. To estimate QALYs, HRQoL is usually measured by
asking patients to complete concise, generic health ques-
tionnaires which are accompanied by preference weights.
These preference-weighted questionnaires represent multi-
attribute health status classification systems in which each
health state is associated with a pre-scored weight based on
population’s preference for that health state. HRQoL can
also be measured in other ways, including the use of con-
dition-specific HRQoL questionnaires either accompanied
by or mapped to preference weights, or by directly seeking
preferences for health state vignettes using time-consuming
techniques such as standard gamble and time trade-off [15].
Well-known preference-weighted instruments for measuring
HRQoL in a manner that allows QALY estimation include
EQ-5D [16], Health Utility Index Mark 2 (HUI2) and Mark
3 (HUI3) [17], and SF-6D [18]. Different from the other
instruments, the SF-6D is not a stand-alone questionnaire; it
is derived from the SF-36 questionnaire [19], a widely used
generic tool to measure health outcomes in eight dimensions
(physical functioning, role limitations due to physical health
problems, role limitations due to emotional problems, vital-
ity (or energy/fatigue), mental health (or emotional well-
being), social functioning, bodily pain, and general health
perceptions), with higher scores indicating a more favour-
able health state in the respective dimension.

Little has been done to assess the extent to which pref-
erence-weighted instruments have been used to measure
HRQoL in extremity bone sarcoma. The only systematic
review of HRQoL studies in extremity bone sarcoma by
Tang et al. [20] did not focus on the use of preference-
weighted instruments. In addition, this study [20] was pub-
lished over 10 years ago and used suboptimal search strate-
gies based on only two key words (“sarcoma” and “quality of
life’), which might not have captured studies that used only
other variants of “sarcoma” such as “bone cancer”, or studies
that used terms for preference-weighted HRQoL instruments
such as “HUI” [17] or “health utility” without mentioning
“quality of life”. Currently, it is unclear which instruments
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and preference weights or mapping methods have been used
to capture HRQoL for surgical management of extremity
bone sarcoma. In this study, we conducted a systematic
review of studies reporting on measurement of HRQoL, with
a special focus on the use of preference-weighted instru-
ments, in patients with bone sarcoma in the extremities who
underwent limb-salvage surgery or amputation.

Methods

The methods reported in this paper were based on the
Cochrane Handbook for Systematic Reviews of Inter-
ventions [21]. The review was conducted and reported in
accordance with the Preferred Items for Reporting in Sys-
tematic Reviews and Meta-Analyses (PRISMA) statement
[22].

Eligibility criteria

We searched MedLine, Embase, Cochrane Library and
Web of Science for English-language studies that reported
on HRQoL of patients with bone sarcoma and published in
peer-reviewed journals from inception to 28 August 2023.
We included randomised controlled trials, observational
studies, and case series that involved patients aged 15 or
older and who were diagnosed with extremity bone sarcoma
and underwent limb-salvage or amputation. We chose this
cut-off point for age because patients with bone sarcoma
aged 15 and older are usually treated using common guide-
lines for adults [23, 24]. By focusing on patients aged 15
or older, we reduced the heterogeneity of the studies which
reported the same type of surgery, but might employ differ-
ent treatment pathways which would influence HRQoL. We
excluded case reports, studies where full text was not availa-
ble, studies with cohorts less than ten participants, and stud-
ies involving soft tissue sarcoma, non-extremity sarcoma, or
involving a mixed cohort with many types of cancer.

Search strategy

We used search terms related to surgical type (e.g., limb-sal-
vage and amputation), the disease (e.g., sarcoma) and instru-
ments used to measure HRQoL (e.g., SF-6D) to build the
search queries. We also used terms related to instruments for
functional outcome measurement because studies that report
on functional outcomes may also include HRQoL measure-
ment. Our search strategies were reviewed and validated by
a senior librarian at the University of Melbourne. Detailed
search terms and queries and a glossary of the abbreviated
terms are provided in the Supplementary Tables S1-S4.
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Study selection and data extraction

All records found from the search were imported to Covidence
[25] and independently reviewed in two stages by two review-
ers (LFC and PA). In the first stage, titles and abstracts were
screened using the eligibility criteria. Uncertainty was dis-
cussed between the two reviewers and disagreements referred
to a third reviewer (AT-D or ND) for a resolution. In the sec-
ond stage, full text of the studies included in the first stage
were screened using the same method as in the first stage.
The following information was independently extracted by two
reviewers (LFC and PA) from the studies included after the
full-text review: year of publication, journal, country, study
design, study cohort, sample size, sex, mean age at time of
study, duration between surgery and HRQoL measurement,
time frame of treatment, instrument for HRQoL measurement,
HRQoL comparison, type of surgery, summary of findings
and HRQoL scores in different dimensions. Disagreements in
extracted data were referred to a third reviewer (AT-D or ND)
for resolution.

Study quality assessment

As all observational studies included for data extraction were
cohort studies, we used the Newcastle-Ottawa Scale (NOS)
designed for cohort studies to assess the quality of the these
studies as recommended by the Cochrane Handbook for Sys-
tematic Reviews of Interventions [21]. When using the NOS
for cohort studies, a study is judged by giving points (‘stars” in
the NOS terminology) to items belonging to three categories:
selection of the study groups, the comparability of the cohorts
on the basis of the design or analysis, and the outcome of inter-
est [26]. For quality assessment of included studies reporting
on randomised trials, we used the CONSORT 2010 checklist
[27]. The CONSORT 2010 checklist consists of 37 items, and
if an item was reported in an included article, a score of 1 was
given for that item, while a score of 0 was given if an item
was not reported. Overall adherence to the CONSORT 2010
checklist was scored as the percentage of the total number
of included items. LFC and PA independently reviewed each
included study using the NOS and CONSORT 2010 checklist,
with disagreements referred to a third reviewer (AT-D or ND)
for resolution. Details of the NOS criteria and CONSORT
2010 checklist used for quality assessment are provided in
Supplementary Tables S5 and S6.

Results

Studies and patient characteristics

Figure 1 shows the PRISMA flow diagram of the study
selection. The search identified 1225 records, of which 876

studies were excluded after title and abstract screening, and
333 studies excluded in the full-text screening. As a result,
16 studies [28-38] were included in the final review and data
extraction. Table 1 summarises characteristics of included
studies and patients.

Instruments used for HRQoL measurement

Only one study [37] used a preference-weighted instrument
for measuring HRQoL (HUI2 and HUI3) [17,37]. The most
commonly used instrument across all studies was the generic
SF-36 questionnaire [19] (ten studies [28-30, 35, 37-42])
(Table 1). While SF-36 could be used to derive the prefer-
ence-weighted SF-6D, no studies reported such a derivation.
One study [36] used SF-12, a shortened version of the SF-36
[43]. Five studies [33, 34, 37, 38, 44] used the European
Organization for Research and Treatment of Cancer Core
Quality of Life Questionnaire (EORTC QLQ-C30) [45, 46].
In addition to using SF-36, one Dutch study [29] used the
Bone tumour short-form DUCATQOL (Bt-DUX)[47] and
TNO-AZL Quality of Life (TAAQOL) [48] questionnaires
[29], while another Dutch study used SF-36 and TAAQOL
[39] — both of these studies then compared their mean scores
amongst each of the HRQoL questionnaires. Lastly, one
study [31] used the Quality of Life Questionnaire (QLQ)
[49] only, and another study [32] used the Quality of Life-
Cancer Specific Scale (QOL-CSS) [50] questionnaire only.

Types of surgery

Eleven of the 16 studies involved both limb-salvage surgery
and amputation (Table 2) [28-35, 37, 39, 42]. Four of these
11 studies also included individuals treated with rotation-
plasty, with three studies defining rotationplasty as a form
of amputation [32, 35, 37], and one defining rotationplasty
as a form of limb-salvage surgery [28]. One of the 16 studies
involved rotationplasty only, defined by the authors as “limb
preserving surgery” [41]. Four of the 16 studies involved
limb-salvage surgery only [36, 38, 40, 44].

Study quality assessment

Of the 16 included studies, 15 were cohort studies and
assessed using the NOS criteria with a maximum of nine
points for each study. Among these cohort studies, one
study [36] achieved eight points, six studies [30-32, 35,
39, 42] achieved seven points, and five studies [28, 33, 37,
38, 41, 44] scored six points. Of the remaining three cohort
studies, two studies [29, 34] scored five points, and one
study [40] scored three points (Table 3). Extremity bone
sarcoma is a rare disease typically managed with a centre-
based approach and therefore specialist oncology centres
provide services to patients across large geographical
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Fig.1 PRISMA flow diagram
of the study selection

Identification of studies via databases J

Identification

Records identified from MedLine,
Embase, Cochrane Library and
Web of Science

(n = 2,028)

Records removed before screening:

Duplicate records removed
(n =803)

) 4

Records screened
(n=1,225)

Records excluded
(n =876)

A 4

Reports assessed for eligibility
(n = 349)

Reports excluded: (n = 333)

Functional outcome only (n = 223)

No differentiation between bone or soft

Screening

tissue sarcoma in study population (n = 25)
Paediatric population (n = 22)
Sample size too small (n = 19)

Wrong study design (n = 11)
Heterogenous cancer population (n=9)

No quality of life or functional outcomes
data (n=11)

Wrong outcomes (n = 6)

Wrong patient population (n = 4)

) |

Studies included in review
(n=16)

Full text not available (n = 2)

Study retracted by journal (n = 1)

areas [51]. In all studies except one [40], participants were
reportedly recruited from dedicated specialist oncology
centres and therefore they were most likely representative
of the population of patients with bone sarcoma. In addi-
tion, the selected patients were confirmed as having their
diagnosis and surgical management obtained via secure
hospital records. In studies that compared patients under-
going surgical treatment with a healthy cohort [39-42, 44],
both cohorts were chosen from the same regions. Except
for one study [36] which obtained a baseline HRQoL
measurement at the time of the surgical intervention, all
cohort studies were conducted several years after the sur-
gery and did not obtain a baseline HRQoL measurement.
Eleven studies [28, 30-33, 35-38, 41, 42, 44] conducted
comparisons between different surgical treatments, such as
limb-salvage surgery versus amputation. However, none of
these studies that involved comparisons between different
surgical treatments adjusted the differences in HRQoL for
important confounders such as age, sex, socioeconomic
status, and comorbidities. In summary, 12 of the 16 studies
achieved a score of six or more out of nine using the NOS
criteria (Table 3).

@ Springer

Only one of the included studies used a randomised trial
design [38], with this study adhering to 20 out of 37 items
(54%) on the CONSORT 2010 checklist (Table 4).

Findings on health-related quality of life

Most of the studies comparing HRQoL between ampu-
tation and limb-salvage surgery reported no significant
differences between the two modalities (Table 2) [28,
30, 32-34, 37, 39]. The study [37] that used preference-
weighted measures of HRQoL found that amputees had a
significantly higher emotion score (using HUI2 or HUI3)
and higher fatigue score (using the EORTC QLQ-C30)
compared to limb-salvage surgery. However, this study
[37] found no other differences in any other dimensions of
the HUI2, HUI3 or EORTC QLQ-C30, and no significant
differences between amputation and limb-salvage surgery
using SF-36. One study found that limb-salvage surgery
had significantly better overall HRQoL than amputation
using the QLQ [31], while another using SF-36 reported
the dimension of social functioning was higher for limb-
salvage surgery when compared to amputation, but no
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significant differences in the other seven dimensions [35].
One study [38] used a randomised controlled trial to com-
pare HRQoL as measured by SF-36 and EORTC QLQ-C30
between one group undergoing neoadjuvant chemotherapy
only and limb-salvage surgery and another group treated
with adjuvant chemotherapy only and limb-salvage sur-
gery. Using SF-36, this study found significantly higher
scores for role limitation due to emotional problems,
mental health, physical functioning, and social function-
ing, and a significantly lower score for pain in the group
receiving neoadjuvant chemotherapy; however, scores for
role limitation due to physical problems, general health,
and vitality were not reported. In addition, this study [38]
found significantly lower scores for fatigue, nausea and
vomiting, dyspnoea, constipation, and diarrhoea using
EORTC QLQ-C30 for the group who had neoadjuvant
chemotherapy; however, scores for several domains of
EORTC QLQ-C30, including physical function, functional
performance, emotional function, cognitive function,
social function, insomnia, and financial difficulty were not
reported. Another study used SF-36 to compare dimen-
sions of HRQoL between groups of patients receiving dif-
ferent limb-salvage procedures and amputation [42]. This
study [42] found significantly higher scores for the physi-
cal health dimension in joint preserved cases compared
to those receiving joint replacement, but no significant
differences in this dimension between joint replacement,
arthrodesis and amputation, and no significant differences
in the mental health dimension between any type of limb-
salvage surgery or amputation. Two studies compared
HRQoL of patients receiving limb-salvage surgery with
that of healthy controls, with one finding poorer HRQoL in
the limb-salvage cohort using the EORTC QLQ-C30 [44],
and the other reporting no significant differences between
the two cohorts using SF-36 [40]. One study reported
superior scores in the SF-36 dimensions of vitality, social
functioning, and mental health in a cohort of patients who
underwent rotationplasty compared to the healthy controls
[41]. Only one study [36] included a baseline pre-operative
measure of HRQoL at the time of surgery, with this study
demonstrating a statistically significant improvement in
SF-12 mental and physical scores at two years post-oper-
atively for limb-salvage surgery.

Eight studies used SF-36 to measure HRQoL in study
cohorts who underwent limb-salvage surgery and amputa-
tion, with only five providing the mean values for all SF-36
dimension scores; four with their findings stratified by
amputation or limb-salvage [28, 35, 37, 39]; and one which
did not stratify by surgery type [29]. There was large varia-
tion in the scores for each dimension across these five studies
(Fig. 2). Limb-salvage surgery appeared to be associated
with slightly higher scores in most of the dimensions when
compared with amputation in studies with larger sample

sizes, and scores for mental dimensions were also generally
higher than those for the physical dimensions across the ten
groups of patients.

The SF-36 dimension scores can also be aggregated into
Physical Component Summary (PCS) and Mental Compo-
nent Summary (MCS) scores on a scale 0—100, with higher
scores representing better health status [52]. For a reference,
the US general population has mean MCS and PCS scores
of 50 and a standard deviation of 10 [53]. Ten studies used
SF-36, with seven producing a mean score for the PCS and
MCS in their study cohorts [28, 29, 35, 37, 39, 40, 42]. The
minimum mean MCS (45.7) and PCS (20.4) scores were
both in a UK study of a cohort treated by either limb-salvage
or amputation, without stratifying results for surgery type
[29]. The maximum mean MCS score (57.9) was found in
a Dutch cohort who underwent amputation [39], and the
maximum mean PCS score (53.4) was found in a US cohort
who underwent limb-salvage surgery [40]. Unfortunately,
most studies using SF-36 did not report their results with
standard deviations or standard errors, and therefore we were
unable to conduct a meta-analysis to summarise the SF-36
dimension, PCS, or MCS scores. Furthermore, several stud-
ies using SF-36 provided incomplete data, including those
reporting PCS and MCS scores without providing dimension
scores [40, 42]; reporting dimension scores without calcu-
lation of PCS and MCS scores [38, 41]; reporting only the
median of all SF-36 dimension scores [30]; and reporting
only five of the eight SF-36 dimension scores [38].

Discussion

In this systematic review we found a large variation in
HRQOoL scores, the extent to which the aggregated health
domains (e.g., PCS and MCS) and dimensions (e.g., physi-
cal functioning and mental health dimensions of SF-36) of
HRQoL data were presented, and the choice of instrument
used to measure HRQoL. Regardless of the differences in
instruments used and the duration between the surgery and
HRQoL measurement (3.1-13 years), most studies reported
no significant difference in HRQoL between amputation and
limb-salvage surgery. Possible explanations for this lack of
difference may be due to the use of high quality of modern
limb prosthetics which substantially improve HRQoL of
amputees and the complex procedure and subsequent risk
of complications such as infection, periprosthetic fracture, or
aseptic loosening requiring extensive revision surgeries that
result in poorer than expected HRQoL in patients undergo-
ing limb-salvage surgery [54, 55].

We found that studies with larger sample sizes tended to
yield higher SF-36 general health scores, as well as higher
scores in any dimension for limb-salvage surgery when com-
pared with amputation. Scores for mental dimensions and
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Table 3 (continued)
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the mean MCS score were also generally higher than those
for the physical dimensions and mean PCS score, likely due
to the nature of musculoskeletal morbidity resulting from
bone sarcoma and its associated treatment [53]. Unfortu-
nately, we were not able to further investigate differences
in SF-36 scores because the number of studies was small,
reporting of standard deviations or changes in HRQoL from
the baseline was absent, and many studies did not stratify

386
387
388
389
390
391
392
393

their results by surgery type or other characteristics. Several [Xe2l4

studies also used instruments other than SF-36, making it
difficult to compare HRQoL across the studies. This hetero-
geneity in instruments used to measure HRQoL is consist-
ent with a previous systematic review of HRQoL in adult
patients with extremity sarcoma [20].

The quality of included the cohort studies was of mod-
erate to good quality, with 12 of the 15 studies achieving
a score of six or more out of maximum nine points using
the NOS criteria for cohort studies (Table 3). Conversely,
the study using a randomised trial design [38] adhered to
only 54% of the items on the CONSORT 2010 checklist
(Table 4). Only one study, which was a cohort study [36],
included a baseline measure of HRQoL at the time of sur-
gery, which makes it difficult to attribute any changes in
HRQOoL to surgical intervention.

Surprisingly, only one study used HRQoL instruments
with preference weights (HUI2 and HUI3) [37]. As this
study used a small sample (n=28) of Canadian patients,
the current evidence is very weak to support a direct estima-
tion of QALYS in patients with extremity bone sarcoma after
surgical treatment, especially for those in countries other
than Canada.

While the generic SF-36 or disease-specific EORTC
QLQ-C30 provided informative numerical scores of HRQoL
regarding the effectiveness of surgical management, the
decisions made by patients when responding to these instru-
ments is not based on any value or desirability (i.e., pref-
erence) for comparing one health state to another. This is
because the scoring algorithms for health states in these sim-
ple instruments infer that the response choices (e.g., ‘Have
you had pain?’ vs. ‘Have you vomited?’) and the intervals
between the responses (e.g., ‘Not at All’ vs. ‘A Little’) are
of equal importance. Hence, measures of HRQoL whose
scoring systems are not weighted by preference do not allow
for comparisons to be made across different areas of health-
care [18]. Because healthcare resources are finite, there is a
requirement to assess the value of competing interventions
by means of economic evaluation. Our results have shown
that there is an important gap in the use of HRQoL instru-
ments that facilitate estimation of QALYSs. This deficiency of
preference-weighted HRQoL evidence hinders the economic
evaluation needed to inform decision on application of novel
treatments for surgically excising extremity bone sarcomas,
and also prevents an understanding of the effectiveness and

@ Springer

Journal : Large 11136

Article No : 3554

Pages : 24

MS Code : 3554 Dispatch : 11-11-2023 |

395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438



Quality of Life Research

Table4 CONSORT 2010 [27] checklist of information to include when reporting a randomised trial for Jing et al. 2022 [38]

Section/Topic Item No Checklist item Reported
on page
No
Title and abstract
la Identification as a randomised trial in the title N/A
1b Structured summary of trial design, methods, results, and conclusions (for specific 1
guidance see CONSORT for abstracts)
Introduction
Background and objectives 2a Scientific background and explanation of rationale 1&2
2b Specific objectives or hypotheses 2
Methods
Trial design 3a Description of trial design (such as parallel, factorial) including allocation ratio 2
3b Important changes to methods after trial commencement (such as eligibility criteria), N/A
with reasons
Participants 4a Eligibility criteria for participants 2
4b Settings and locations where the data were collected 2
Interventions 5 The interventions for each group with sufficient details to allow replication, includ- 2
ing how and when they were actually administered
Outcomes 6a Completely defined pre-specified primary and secondary outcome measures, includ- 2 & 3
ing how and when they were assessed
6b Any changes to trial outcomes after the trial commenced, with reasons N/A
Sample size Ta How sample size was determined N/A
7b When applicable, explanation of any interim analyses and stopping guidelines N/A
Randomisation:
Sequence generation 8a Method used to generate the random allocation sequence 2
8b Type of randomisation; details of any restriction (such as blocking and block size) 2
Allocation concealment mechanism 9 Mechanism used to implement the random allocation sequence (such as sequentially N/A
numbered containers), describing any steps taken to conceal the sequence until
interventions were assigned
Implementation 10 Who generated the random allocation sequence, who enrolled participants, and who N/A
assigned participants to interventions
Blinding 11a If done, who was blinded after assignment to interventions (for example, partici- 2
pants, care providers, those assessing outcomes) and how
11b If relevant, description of the similarity of interventions 2
Statistical methods 12a Statistical methods used to compare groups for primary and secondary outcomes 2
12b Methods for additional analyses, such as subgroup analyses and adjusted analyses N/A
Results
Participant flow (a diagram is 13a For each group, the numbers of participants who were randomly assigned, received 3 & 4
strongly recommended) intended treatment, and were analysed for the primary outcome
13b For each group, losses and exclusions after randomisation, together with reasons N/A
Recruitment 14a Dates defining the periods of recruitment and follow-up 2
14b Why the trial ended or was stopped N/A
Baseline data 15 A table showing baseline demographic and clinical characteristics for each group 4
Numbers analysed 16 For each group, number of participants (denominator) included in each analysis and 3 & 4
whether the analysis was by original assigned groups
Outcomes and estimation 17a For each primary and secondary outcome, results for each group, and the estimated 3 & 4
effect size and its precision (such as 95% confidence interval)
17b For binary outcomes, presentation of both absolute and relative effect sizes is recom- N/A
mended
Ancillary analyses 18 Results of any other analyses performed, including subgroup analyses and adjusted ~ N/A
analyses, distinguishing pre-specified from exploratory
Harms 19 All important harms or unintended effects in each group (for specific guidance see N/A
CONSORT for harms)
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Table 4 (continued)

Section/Topic Item No Checklist item Reported
on page
No

Discussion

Limitations 20 Trial limitations, addressing sources of potential bias, imprecision, and, if relevant, 4

multiplicity of analyses
Generalisability 21 Generalisability (external validity, applicability) of the trial findings N/A
Interpretation 22 Interpretation consistent with results, balancing benefits and harms, and considering  3-5

other relevant evidence

Other information

Registration 23 Registration number and name of trial registry N/A
Protocol 24 Where the full trial protocol can be accessed, if available N/A
Funding 25 Sources of funding and other support (such as supply of drugs), role of funders N/A

cost-effectiveness of existing treatments. This is particularly
relevant given the growing prevalence of costly, but poten-
tially effective approaches in orthopaedic surgery [S6-59].

The lack of preference-weighted HRQoL could be
improved by mapping the common existing non preference-
weighted measures, including SF-36 and EORTC QLC-
C30, to preference-weighted instruments such as SF-6D,
EQ-5D, or EORTC-8D [18, 60, 61]. Given SF-36 was

shown to be a very common tool for measuring HRQoL,
there was a noticeable absence of conversion to SF-6D using
well-established approaches such as the method proposed
by Brazier et al. [18]. However, mapping can be errone-
ous when generic preference-weighted measures such as
SF-6D or EQ-5D are used in a disease-specific population
because the instruments may not be sensitive to certain dis-
ease characteristics [62]. While there is a disease-specific
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Fig.2 SF-36 dimension scores in cohorts undergoing amputation, limb-salvage or unclassified surgery for treatment of extremity bone sarcoma
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preference-weighted instrument for cancer in the EORTC-
8D, which is mapped from EORTC QLC-C30, it was
derived from patients with multiple myeloma. EORTC-8D
may therefore be insensitive to certain characteristics associ-
ated with sarcomas [63]. A new cancer-specific instrument
mapped from EORTC QLC-C30, the Quality of Life Utility
Measure-Core 10 dimensions (QLU-C10D), has however
recently been developed from data of patients with multiple
types of cancer, including sarcoma [64, 65]. Nonetheless,
policy makers in many countries require the use of generic
preference-weighted instruments in economic evaluations.
Given that our results have highlighted the lack of studies
using these instruments, it is essential to include preference-
weighted measures to improve evidence for future research
in extremity bone sarcoma.

Our study has several limitations. No meta-analysis
could be conducted because of substantial heterogeneities
in patient characteristics, follow-up periods, and the absence
of reported variation in the HRQoL values. For the studies
that used the SF-36 to measure HRQoL, we were not able
to obtain the raw scores to convert them to the SF-6D health
utility values. We included studies involving patients who
underwent rotationplasty, but classification of rotationplasty
was unclear as some authors defined it as limb-salvage sur-
gery [28, 41], while others considered it a form of amputa-
tion [32, 35, 37].

Conclusions

We completed a systematic review and found 16 studies
measuring HRQoL in adult patients with extremity bone
sarcomas who had been treated with limb-salvage surgery
or amputation. We found only one study using preference-
weighted instruments for HRQoL measurement in a small
sample of patients. The approaches used to measure HRQoL
were inconsistent and the outcome scores varied substan-

IX3M tially. The most commonly used instrument among the
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existing studies was the generic SF-36 questionnaire, but
no studies reported the preference-weighted HRQoL (SF-

6D) derived from SF-36. Our findings showed that the cur-
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rent evidence is very weak to support a direct estimation of
QALYs in patients with extremity bone sarcoma after surgi-
cal treatment. As the armamentarium of surgical treatments
available to orthopaedic oncologists expands, juxtaposed
with the expectations of regulatory bodies that thorough
HTA should be conducted for these new interventions, future
research into the surgical treatment of extremity bone sarco-
mas should consider the use of well-established preference-
weighted instruments to measure HRQoL.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11136-023-03554-3.
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