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Abstract

Background—Pediatric, adolescent and young adult (AYA) survivors of bone sarcomas are at 

risk for poor quality of life (QOL). We conducted a systematic review and meta-analysis to 

summarize the literature describing QOL in this population and differences in QOL based on local 

control procedures.

Procedure—Included studies described ≥5 patients <25 years-old who had completed local 

control treatment for bone sarcoma, defined QOL as a main outcome, and measured it with a 

validated instrument. Data extraction and quality assessments were conducted with standardized 

tools. Meta-analyses compared QOL based on surgical procedure (limb-sparing versus 

amputation) and were stratified by assessment type (objective physical function, clinician-assessed 

disability, patient-reported disability and patient-reported QOL). Effect sizes were reported as the 

Standard Mean Difference when multiple instruments were used within a comparison and 

Weighted Mean Difference otherwise. All were weighted by inverse variance and modeled with 

random effects.

Results—Twenty-two of 452 unique manuscripts were included in qualitative syntheses, 8 of 

which were included in meta-analyses. Manuscripts were heterogeneous with respect to included 

patient populations (age, tumor type, time since treatment) and QOL instruments. Prospective 

studies suggested that QOL improves over time, and that female sex and older age at diagnosis are 

associated with poor QOL. Meta-analyses showed no differences in outcomes between patients 

who underwent limb-sparing versus amputation for local control.
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Conclusion—QOL studies among children and AYAs with bone sarcoma are remarkably 

diverse, making it difficult to detect trends in patient outcomes. Future research should focus on 

standardized QOL instruments and interpretations.
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Introduction

Bone sarcomas represent fewer than 10% of pediatric cancers, but a disproportionately 

higher proportion of childhood cancer survivors with long-term disabilities.[1,2] 

Osteosarcoma and Ewing sarcoma are the most common bone cancers and are commonly 

diagnosed among adolescents and young adults (AYAs). Patients with these diagnoses are at 

high risk of poor quality of life (QOL) compared to other childhood cancer survivors and the 

general population, in part because their intensive chemotherapies may be associated with 

frequent admissions for febrile neutropenia and risks of cardiac dysfunction, infertility, and 

recurrent malignancy.[3–7]

Treatment for bone sarcoma also includes local control modalities such as surgery and/or 

radiation therapy, both of which are associated with short- and long-term risks.[8] Although 

there is little evidence that one specific surgical local control modality is superior with 

respect to overall survival, different approaches may be associated with different rates and 

types of long-term morbidity.[9] The equipoise in efficacy of treatment options creates an 

opportunity to select those that will minimize late effects and improve patient QOL. Such 

selection has become an imperative for cancer treatment.[10]

The construct of QOL integrates physical, functional, emotional, social, spiritual, and socio-

economic well-being. Comparatively little QOL research has been conducted specifically 

among survivors of sarcoma who were diagnosed as children or AYAs. Furthermore, 

existing reports have been inconsistent, likely due to heterogeneity of patient populations 

and instrument selection.[11–14] The objectives of this systematic review and meta-analysis 

were to: (1) Summarize the literature describing QOL among pediatric and AYA survivors 

of bone sarcoma; and, (2) Describe differences in QOL based on surgical procedure (e.g., 

limb-sparing versus amputation). These findings could inform clinical decision-making, 

optimize patient survivorship, and guide future research endeavors aimed at improving QOL 

among patients with bone sarcoma.

Methods

Data Sources and Searches

We followed Cochrane and PRISMA guidelines for the conduct of systematic reviews.[15] 

A medical librarian developed and executed electronic search strategies. Ovid Medline, 

Cochrane Database of Systematic Reviews, PsycInfo, Embase, and CINAHL electronic 

databases were searched for publications between January 1, 2004 and February 27, 2014. 

This timeline was selected a priori, in order to capture studies reflecting contemporary 
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treatment regimens. Searches were limited to pediatric age range (0–18, with young adults 

up to age 24 years included where possible) and English language. Retrieval was limited to 

full text publications; abstracts, meeting presentations, and dissertations were excluded. The 

search strategy included the following Medical Subject Heading (MeSH) terms: sarcomas, 

bone neoplasms, soft tissue neoplasms, and quality of life. We also used concepts commonly 

related to quality of life, including well-being, pain, physical function, activity, and mental 

health (Supplemental Appendix 1).

Study Selection

We defined inclusion and exclusion criteria a priori. Studies were included if they: (1) 

described a sample of at least 5 pediatric or young adult patients with osteosarcoma or 

Ewing Sarcoma; (2) described patients who had completed local control (e.g., surgery and/or 

radiation therapy) of their tumor; and, (3) defined “quality of life” as a main outcome and 

measured it with a validated instrument. There was no restriction by study design, inclusion 

of other tumor types, or inclusion of older adult patients as long as characteristics of 

pediatric/AYA patients with bone tumors were available. Two authors independently 

evaluated all titles and abstracts identified by the search strategy; any publication thought to 

be potentially relevant by either reviewer was retrieved and reviewed in full. Final inclusion 

of studies was determined by agreement of both reviewers.

Data Extraction and Quality Assessment

Data were extracted from included manuscripts using a modified version of the Cochrane 

Review template form which included fields for study design, objectives, patient 

characteristics, QOL and other validated instruments used, main findings, and key 

limitations (Supplemental Appendix 2).[15] We extracted only reported data; no authors 

were contacted to obtain additional unreported information.

We assessed study bias and quality with a tool adapted from the “Quality in Prognosis 

Studies” (QUIPS) and “Strengthening the Reporting of Observational Studies in 

Epidemiology” (STROBE) reports (Supplemental Appendix 2).[16,17] We defined a 

possible range of scores (0–44) and corresponding overall quality assessments a priori: <30 

points (60%ile) was defined as “poor,” 30–34 points (70%ile) as “moderate,” 35–38 points 

(80%ile) as “good,” and >38 points as “high” quality. Strength of agreement between 

reviewers was evaluated with the Kappa statistic.

Data Synthesis Analyses

All identified studies were included in qualitative analysis; only those that included direct 

comparisons of QOL based on local control modality were included in meta-analyses. In 

cases where the same population was described in multiple studies, we selected the most 

recent; no patient population was included more than once in the same meta-analysis. 

Surgery types were defined as “Limb-Sparing” or “Limb-Salvage” (LS, including 

endoprosthesis, allograft surgery, and “other conservative surgery”), “Amputation” or 

“Ablation” [Amp, including Above the Knee Amputation (AKA) and Below the Knee 

Amputation (BKA)], and Rotationplasty (RP). Synthesis focused on comparing outcomes 

among patients treated with LS vs. Amp for local control. Data for other patient-groups were 
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extracted when reported in the manuscripts; however, meta-analyses were only conducted 

when at least 3 papers explicitly described a given population. For example, only 2 papers 

described patients who were treated with RP separately from other surgical procedures; 

hence, no meta-analyses comparing RP versus other surgery types were conducted.[18,19] 

When multiple patient-groups were described in a single manuscript, we included the sub-

groups with the largest n for pooled analyses to avoid double-counting. For example, one 

study compared multiple subgroups of patients (AKA vs. BKA vs. LS-femur vs. LS-tibia vs. 

RP).[19] In this case, the LS-femur and BKA groups were included in meta-analyses 

because they were the largest LS and Amp populations in the study, respectively.

QOL among adult sarcoma patients has typically been operationalized and measured in four 

distinct ways: (1) Objective physical function, measured by physiologic or activity-based 

tests conducted in the clinic; (2) Clinician-assessed disability, often measured by the 

Musculoskeletal Tumor Society (MSTS) questionnaire; (3) Patient-reported disability, 

commonly measured by the Toronto Extremity Salvage Score (TESS) among patients 

treated with lower extremity orthopedic surgery; and, (4) Patient-reported generic or cancer-

specific health-related QOL, frequently measured by the generic Medical Outcomes Study 

Short-Form 36 (SF-36), the Health Utilities Index (HUI),the Functional Assessment of 

Cancer Therapy (FACT) scale, and/or the European Organization for Research and 

Treatment of Cancer (EORTC) quality of life scale among adults, and the Pediatric Quality 

of Life Inventory (Peds-QL) among children.[20–26]

The primary outcome of interest was QOL, as defined by a previously validated instrument. 

We stratified quantitative analyses based on each study’s operationalization of QOL and its 

corresponding instrument type, as described above. In order to minimize heterogeneity, we 

selected the SF-36 measure when it and other QOL instruments were described within a 

single population. Meta-analyses used instrument scores as continuous variables. The mean 

and standard deviation (SD) were used as measures of central tendency; where relevant, we 

assumed the mean could be approximated by the reported median, the range contains 6 SDs, 

and the 95% Confidence Interval (CI) contains 4 Standard Errors (SE). Where different 

instruments were used within a comparison, we used standard mean differences (SMD) to 

describe instrument scores among patients who received radiotherapy vs. surgery and LS vs. 

Amp surgery. The SMD standardizes study results to a uniform scale before they are 

combined and expresses differences in mean outcomes between groups relative to study 

variability. Where the same instrument was used, the weighted mean difference (WMD) was 

used. Effect sizes were weighted by inverse variance. Because we anticipated heterogeneity 

between studies, we used a random-effects model for all analyses.[27] Meta-analyses were 

performed using Review Manager, version 5.3 (Cochrane Collaboration, Oxford, United 

Kingdom). Kappa statistics were conducted using the STATA statistical software program 

(StataCorp, College Station, Texas).

Results

Our search methods identified 452 unique publications (Figure 1). Of these, 193 full-texts 

were retrieved and 22 included in qualitative synthesis. Agreement between the two 
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reviewers regarding inclusion of articles was excellent (Kappa=0.95, 95% CI 0.94–0.97). 

Agreement regarding the quality of papers was moderate (Kappa=0.51; 95% CI 0.43–0.63).

Objective 1

Of the 22 included studies, 10 described trajectories of QOL during survivorship, 

comparisons of sarcoma patients to population norms or other cancer survivors, or both 

(Table I).[11,28–36] Study populations, QOL assessments, and findings were 

heterogeneous. Some studies were limited to discrete tumor histologies (e.g., only 

osteosarcoma) whereas others included a variety of sarcomas including osteosarcoma, 

Ewing sarcoma, and tumors amenable to surgical treatment without concurrent 

chemotherapy (e.g., giant cell tumors).[11,28–32,35,36] Indeed, treatment histories ranged 

from surgery alone to multi-modal regimens to high-dose chemotherapy with autologous 

stem cell rescue. Studies described patients with a variety of tumor locations, ranging from 

localized lower extremity tumors to widespread metastatic or recurrent disease. Patient age 

and time since treatment varied as well, with mean ages at diagnosis ranging from 11 to 22 

years, and mean time between treatment and study-assessments ranging from <1 to >20 

years.[13,18,37,38]

QOL was operationalized with the 4 categories above; most studies included multiple 

categories and often multiple instruments within each category. Furthermore, several studies 

included overlapping populations of patients with descriptions of different outcomes.

[11,19,28,29,31,36,38–40]

Despite this variability, several trends emerged. First, compared to population norms, 

survivors of sarcoma tended to have inferior QOL scores across all categories (Table I).

[11,13,30,31,34,35,40] Second, in prospective studies, QOL scores tended to improve over 

time. This improvement was thought to relate to symptom control during treatment, as well 

as adaptation and coping over time. For example, Hinds et al. measured QOL at initiation of 

treatment and multiple points over two years. Symptomatology (and corresponding QOL 

scores) improved as treatment progressed.[33] Bekkering et al. described similar findings, 

but also noted that healthier patients were more likely to continue participation and may 

therefore have been overrepresented in the data.[40] Koopman et al. described QOL scores 

that were inferior to population norms at 3 years after therapy, but no different at year 8. 

They postulated that patients gradually adapted to their disabilities.[34]

Third, female sex and older age at diagnosis were frequently associated with poorer QOL. 

Definitions and cut-off criteria for “older” age varied, however.[11,13,31,32,35,38,41] 

Aksnes et al. found inferior QOL among patients >13 years-old compared to <9 years at 

treatment;[31] Sun et al. described inferior QOL 1 year after treatment among patients ages 

10–20 and >10 years, compared to <10 years.[35] Alternatively, Nagarajan et al. and 

Barrera et al. surveyed patients later in survivorship and found that older current age (>40 

and >26 years, respectively) was associated with inferior QOL.[11,13,38]

There were no other consistent trends across studies, and many reported conflicting findings. 

For example, while Gerber et al. found that objective functional assessments correlated with 

patient-reported disability, Marchese et al. and Nagarajan et al. reported inconsistent 
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relationships between objective functional assessments and patient-reported quality of life 

(Table I).[11,28–30]

Objective 2

Twelve manuscripts compared sub-groups of patients with sarcoma by surgical procedure, 

Table II).[12,13,18,19,37–44] Of these, only 8 studies were evaluable for synthesis because 

4 did not include a measure of central tendency and variance. We found no significant 

differences between patients who had received LS vs. Amp in any of the described QOL 

categories (Figure 2).

Additionally, correlations between QOL instrument types were highly variable. For 

example, Barrera et al., used multiple patient-reported QOL instruments including the 

SF-36, Health Utilities Index (HUI), and European Organization for Research and Treatment 

of Cancer (EORTC) instruments within the same population of sarcoma patients (Table II).

[13] Findings varied depending on individual instruments. Comparing LS to Amp, the HUI 

(but not the SF-36 or EORTC) suggested that patients treated with LS suffered from inferior 

emotional health, and the EORTC (but not the SF-36 or HUI) suggested patients treated with 

LS suffered more from fatigue.

Discussion

Unlike many other cancers in young people, bone sarcomas often require significant surgical 

interventions that can dramatically impact mobility, function, and body image. Patients and 

families face complex decisions between amputation and limb-sparing procedures; having 

some assessment of expected quality of life would therefore be helpful for practitioners, 

patients, and families alike. However, patient-reported quality of life is multifactorial and 

highly subjective. Our systematic review identified remarkably diverse study populations 

and methods assessing QOL. Meta-analyses comparing LS vs. Amp as options for surgical 

approach did not show differences in clinician-assessed disability, patient-reported 

disability, or patient-reported QOL. Better data on QOL, stratified by local control modality, 

has the potential to impact the importance of QOL in clinical decision-making in sarcoma 

treatments.

Our findings add to the weight of evidence that describes the heterogeneity of QOL research 

within pediatric and AYA cancer.[45–48] In addition, they underscore critical challenges in 

QOL research: How do objective functional measures relate to patient’s own definitions of 

“quality” and what do patients value? How sensitive are individual instruments to specific 

QOL subdomains and how completely do they assess patient-reported QOL?

These questions have been raised in other ways among pediatric and AYA bone tumor 

patients. For example, Barrera et al. compared sexual health among young adult survivors of 

bone tumors and found that those who were treated with LS reported fewer sexual thoughts 

and experiences than those treated with Amp.[49] In another analysis of the same patients, 

Teall et al. reported that survivors of bone cancer reported fewer depressive symptoms than 

population norms, that patients treated with LS vs. Amp were no different in reported 

benefit-finding, and that male survivors reported stronger social support than females.[14] 
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Arguably, sexual health, depression, benefit-finding, and social support are all important 

aspects of both function and QOL; however, these related patient-reported outcomes may 

not routinely be integrated into standard QOL assessments.

Similarly, historical studies among sarcoma patients have described objective- and patient-

reported-function, and health-related quality of life separately. The rationale for this practice 

may be that narrowing the outcome of interest avoids bias and allows for clearer 

identification of associations. Indeed, we chose to stratify our meta-analyses by function 

versus health-related quality of life in order to limit pooled study heterogeneity. However, 

focusing on single subdomains may have been incomplete because it failed to address 

patient-centered priorities.

There are several additional limitations to this systematic review. First, the heterogeneity of 

tumor types, location, stage, treatment experience, and surgical procedures precluded 

significant data syntheses. In fact, perhaps such diverse patient experiences should not be 

pooled; rather, they are too distinct and should be described individually. For example, there 

may be significant differences among QOL outcomes among patients treated for lower-

extremity sarcomas compared to those with upper extremity or pelvic tumors because tumor 

location impacts physical function and reconstructive options differently. Likewise, pooling 

the subtypes of LS and amputation groups together might have masked important 

differences between subsets of patients. For example, QOL among patients with AKA 

versus BKA may be discrepant, but only 3 papers described amputation site explicitly, 

limiting our ability to conduct meta-analyses for these subsets. Second, most of the included 

studies were cross-sectional assessments of relatively few patients, limiting the power and 

quality of findings. Several did not report complete quantitative data and we did not contact 

authors to access such information. Due to the small sizes of these studies, it is unlikely that 

including those data would have changed our meta-analysis results. Third, we deliberately 

focused on pediatric and AYA patient populations to ensure that we would not bias our 

analysis with older adults who may have different expectations or perceptions of mobility 

and pain. In doing so, we may have excluded important papers conducted in the larger 

sarcoma survivor population. While these are certainly relevant to the pediatric experience, 

we felt that pediatric versus adult experiences were distinct enough to warrant this approach. 

Fourth, we found no papers comparing QOL outcomes by radiation versus surgical local 

control. This comparison may be particularly important for patients with Ewing Sarcoma, 

because neither modality has been consistently associated with superior survival outcomes 

and therefore QOL may direct clinical decision-making.[50].

Finally, the variety of instruments limited our ability to conduct qualitative syntheses across 

studies. Barrera et al. demonstrated that different interpretations could be drawn even from 

the same population of patients based on which QOL instrument was used. The fact that we 

found no differences between groups in our meta-analyses, for example, may have been due 

to instrument variability rather than true differences in patient experiences.

Barriers associated with instrument diversity are inescapable in pediatric survey-based 

research. Pediatric patient-report is highly contingent on age. Validated instruments often 

include parent-report up to certain ages and many pediatric QOL studies include both 
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parents and patient respondents when describing “patient-report.” How to interpret these 

data remains unclear. Furthermore, instrument validation studies often include either adult 

patients (ages 18 and up) or pediatric patients (under 18). The SF-36, EORTC, and HUI, for 

example, are all adult-validated scales that would not be appropriate yet in pediatrics.

Recognizing these challenges, the Children’s Oncology Group of North America recently 

convened a subcommittee dedicated to advancing the rigorous study of patient QOL in 

pediatric cancer.[10] The group has also described the challenges inherent to this research 

and underscored the need to develop comprehensive, age-appropriate and cancer-specific 

instruments.[51] Future efforts will include standard integration of QOL study into pediatric 

cancer clinical trials, as well as initiatives to create patient-valued measures that will direct 

meaningful clinical care and research endeavors. Meanwhile, we prefer the PedsQL 

instruments because they include generic and cancer-specific QOL domains and are well 

validated across a wide spectrum of patient ages, including pediatrics, adolescents and 

young adults.[24,52]

Quality of life is a clinically important, yet poorly operationalized, and understudied 

construct. Pediatric and AYA sarcoma patients are at high risk of poor QOL; however, the 

landscape of research to date has been relatively sparse and remarkably heterogeneous. The 

fact that AYA patients have comparatively poorer QOL than younger pediatric patients 

suggests these patients have potentially greater unmet needs. Many centers are working on 

building AYA-specific programs which may help support these patients. With survival rates 

for non-metastatic osteosarcoma and Ewing sarcoma now exceeding 70%, there is a growing 

cohort of long-term sarcoma survivors; research and treatment must focus not only on 

survivability, but also on better understanding, operationalizing, measuring, and improving 

patient-reported quality of life.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Study Flow Diagram
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Figure 2. 
Forrest Plots comparing outcomes among patients who underwent Limb Salvage vs. 

Amputation surgery. (A) Clinician-assessed disability [Musculoskeletal Tumor Society 

(MSTS) Score]; (B) Patient-reported disability [Toronto Extremity Salvage Score (TESS)]; 

(C) Patient-reported quality of life (overall scores, multiple instruments); (D) Patient-

reported quality of life (physical health scores, multiple instruments); (E) Patient-reported 

quality of life (psychological health scores, multiple instruments).
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