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Abstract

Introduction Bones are frequent sites of metastatic disease, observed in 30-75% of advanced cancer patients. Quality of
life (QoL) is an important endpoint in studies evaluating the treatments of bone metastases (BM), and many patient-reported
outcome tools are available. The primary objective of this systematic review was to compile a list of QoL issues relevant to
BM and its interventions. The secondary objective was to identify common tools used to assess QoL in patients with BM,
and the QoL issues they fail to address.

Methods A search was conducted on Ovid MEDLINE, EMBASE, and Cochrane Central Register of Controlled Trials
databases between 1946 and 27 January 2023 with the keywords “bone metastases”, “quality of life”, and “patient reported
outcomes”. Specific QoL issues in original research studies and the QoL tools used were extracted.

Results The review identified the QoL issues most prevalent to BM in the literature. Physical and functional issues observed
in patients included pain, interference with ambulation and daily activities, and fatigue. Psychological symptoms, such as
helplessness, depression, and anxiety were also common. These issues interfered with patients’ relationships and social
activities. Items not mentioned in existing QoL tools were related to newer treatments of BM, such as pain flare, flu-like
symptoms, and jaw pain due to osteonecrosis.

Conclusions This systematic review highlights that QoL issues for patients with BM have expanded over time due to advances
in BM-directed treatments. If they are relevant, additional treatment-related QoL issues identified need to be validated pro-
spectively by patients and added to current assessment tools.

Keywords Secondary bone neoplasms - Quality of life - Patient-reported outcome measures - Systematic review

Introduction hypercalcemia, and spinal cord compression [3, 4]. These

result in a wide variety of physical, functional, and psycho-

Bones are frequent metastatic sites in advanced malignan-
cies. Bone metastases (BM) are observed in around 30 to
75% of patients and have a post-mortem incidence of up
to 70% in patients with prostate and breast primaries [1,
2]. Many patients with BM will experience skeletal-related
events (SREs), such as pathological fractures, bone pain,
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social issues, which significantly affect patients’ quality of
life (QoL) [5].

Surgery and radiotherapy have been used to treat patients
with BM for decades. Now, with advances in medical treat-
ments, significant changes in the treatments available for BM
have further reached the aims of relieving symptoms, sup-
pressing tumour growth, and in turn, prolonging the survival
of patients [6]. There is an increase in the number of novel
palliative treatment options such as radiopharmaceuticals,
stereotactic body radiation therapy, percutaneous vertebro-
plasty, thermal ablation, cryotherapy, electrochemotherapy,
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high-intensity focused ultrasound, and cementoplasty [6].
Several modalities are currently undergoing further inves-
tigation to determine efficacy in minimizing the burden of
BM across patient groups [7]. These treatments have shown
clinical benefits but may lead to adverse side effects such
as worsening pain, nausea, constipation, vomiting, and
fatigue [6]. Specific complications such as osteonecrosis
of the jaw from bone modifying agents (BMAs) could also
be a concern for patients with BM [3, 6]. To provide more
comprehensive care for patients with BM, it is important
to recognize the health related QoL issues that they face.
The primary objective of this systematic review was to iden-
tify the QoL issues faced by patients with BM related to
the disease or its treatment. The secondary objectives were
to comprehensively survey the patient-reported outcome
measures (PROMs) that have been used to assess patients
with BM and evaluate whether the QoL issues identified are
adequately captured by these assessment scales.

Methods

This systematic review was prepared using the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [8].

Search strategy

A literature search was conducted on 27 January 2023 in
the following databases: Ovid MEDLINE, EMBASE, and
Cochrane Central Register of Controlled Trials (CEN-
TRAL). These databases were searched between 1946 and
27 January 2023 using keywords relating to BM and QoL,
such as “bone neoplasms,” “quality of life,” and “patient
reported outcome measures” (Appendix 1). The search was
limited to studies written in English about adult human
populations.

Article selection

Results were screened using the Covidence systematic
review software, Veritas Health Innovation, Melbourne,
Australia (available at http://www.covidence.org). This
collaborative web-based platform streamlines the produc-
tion of systematic and other literature reviews [9]. Records
were independently screened by two authors (TR, HCYW)
by title and abstract according to the eligibility criteria.
Potential articles were further assessed through full-text
screening. Conflicts were resolved by discussion between
authors or consultation with a third author (EZ). Studies
were included if they (1) discussed patients with BM and (2)
reported original data on QoL issues or toxicities in patients.
Quantitative and qualitative data about patients with BM
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from prospective and retrospective studies were included.
QoL issues were defined as any symptom or consequence
of the patients’ disease, no matter the domains of their life
it impacted. Studies were excluded if they (1) did not dif-
ferentiate patients with BM, (2) did not assess or mention
QoL, or if they (3) did not report original data on QoL issues
or toxicities in patients.

Data collection and analysis

From the included studies, the following data were extracted:
title, year of publication, first author, assessment methods,
study design, total participants, primary cancer site, PROM
used, and QoL issues specific to patients with BM. An
exhaustive list of relevant QoL issues faced by patients with
BM was compiled. These issues were extracted if they were
explicitly mentioned by BM patients in the study. Issues that
were assessed by the PROMs used in the study were not
extracted, but rather the PROM used was extracted. Treat-
ment related QoL issues were also extracted separately from
the articles and categorized by the modality of treatment.
The frequency of issues explicitly mentioned and treatment-
related issues was calculated.

Results
Literature search

In this literature search, 6195 studies were identified through
Ovid MEDLINE (n=1827), EMBASE (n=3350), and
Cochrane Central Register of Controlled Trials (CENTRAL)
(n=1018). After duplicates were removed, 4840 studies
remained for abstract and full-text screening. Of these stud-
ies, 588 met the inclusion criteria and were included in this
review (Fig. 1) (Appendix 2). The most common primary
cancer sites included breast, prostate, lung, skin (melanoma),
and gastrointestinal. The most common treatments were
radiotherapy, radionuclides, and BMAs.

Study characteristics

The search identified 588 primary research studies (Table 1).
Of these studies, 333 were prospective studies and used
surveys and questionnaires to quantify QoL issues. This
included 89 randomized control trials (RCTs), 33 cohort
studies, 14 studies on the validation or development of
new questionnaires, 11 clinical trials, 11 cross-sectional
studies, five pilot studies, four comparative studies, and
three descriptive studies. There were also 123 retrospec-
tive reviews of prospective data, 120 case reports, and five
case series. There were seven qualitative studies that used
patient interviews to identify symptoms. These studies had
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Fig.1 PRISMA flow diagram
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a mean of 190 patients and a median of 42, with a range of
1 to 5500.

BM-related QoL issues

This systematic review identified three main domains of
BM-related QoL issues: (1) physical, (2) psychosocial, and
(3) functional. The relative number of papers that explicitly
report each symptom is presented in Table 2, not including
those mentioned in PROMs. The frequency by which these
issues were reported in the literature was recorded, and a few
selected studies with the largest and/or the most representa-
tive patient populations are discussed.

Physical issues

Physical issues: pain Among the physical QoL issues, pain
was the most frequently reported, and studies often singu-
larly focused on pain severity among patients with BM. A
qualitative study by Coward and Wilkie found that pain was
not only “distressing” for patients but impacted their QoL
beyond just the physical domain [10]. The site and nature
of the pain varied depending on the metastatic site of BM.
Back, hip, and limb were the most common pain sites among

patients with BM [11, 12]. In a retrospective study by Bon-
giovanni et al. involving over 2000 patients, around 60%
reported pain, and its nature was described as “nociceptive”,
“neuropathic”, or a mixture of the two [13]. Pain was also
described as “breakthrough,” “intermittent,” or “constant”
by patients in other studies [10]. One patient with a primary
cancer site of the prostate was interviewed by Gater et al.
and remarked that, “he had not had one solid day of relief
without pain whatsoever,” and that this pain was, “so dif-
ferent because it’s very intense,” [14]. Pain was commonly
assessed through pain-specific scales, such as the Brief Pain
Inventory (BPI), Visual Analog Scale (VAS), and Numeric
Rating Scales (NRS).

Physical issues: non-pain Aside from pain, several systemic
physical symptoms were prevalent among patients with BM.
In a prospective study with 518 patients, Chow et al. found
that fatigue, drowsiness, and a lack of appetite occurred in
more than 75% of patients [15]. Likewise, Shi et al. demon-
strated in a prospective patient survey of 120 patients that
fatigue and lack of appetite were two of the most prevalent
symptoms in BM patients [16]. Patients with complicated
BM resulting in compression of neural structures, experi-
enced limb weakness, numbness, urinary difficulties, and
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Table 1 Study characteristics (n=1588)

Study characteristics Number of studies (%)

Study location (primary center)

Europe 239 (40.6%)
Asia 166 (28.2%)
North America 160 (27.2%)
South America 9 (1.5%)
Oceania 8 (1.4%)
Africa 6 (1.0%)

Patient population size

Studies with < 100 patients 397 (67.5%)

Studies with 100-300 patients 102 (14.3%)
Studies with > 300 patients 89 (15.1%)
Year conducted
Before 1990 5(0.9%)
1990-2000 45 (7.7%)
2001-2010 111 (18.9%)
After 2010 427 (72.6%)
Study design
Prospective (unspecified design) 163 (27.7%)
Randomized controlled trial 89 (15.1%)
Cohort Study 33 (5.6%)
Validation or Development of Question- 14 (2.4%)
naire
Clinical Trial 11 (1.9%)
Cross-Sectional Study 11 (1.9%)
Pilot Study 5(0.9%)
Comparative Study 4(0.7%)
Descriptive Study 3(0.5%)
Retrospective Chart Review 123 (20.9%)
Case Reports 120 (20.4%)
Case Series 5 (0.9%)
Qualitative Studies 7 (1.2%)

fecal incontinence. Some patients also complained about
having swelling or a mass at the affected site of BM [17-20].

Functional interference

Interference with mobility was the most frequent functional
issue, ranging from difficulty in walking to being bedrid-
den. Kim et al. found that out of 244 patients pending surgi-
cal stabilization for BM, close to 80% of patients lost their
ability to walk unaided. Forty five percent required walking
aids, 19% were wheelchair-bound, and 13% were bedridden
[21]. Actions such as standing, sitting, and lying down were
also difficult for patients [22]. Additionally, patients' range
of motion of the affected joint was limited [23]. Interfer-
ence with strenuous physical exercise was also a commonly
observed issue. A study by Porter et al. showed that patients
with BM had reduced levels of physical activity prior to
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receiving BM-directed interventions such as Strontium-89
[24].

As a result of impaired function, significant interference
in patients’ daily activities was frequently reported in the lit-
erature [16]. BM affected patients’ self-care activities, such
as bathing or dressing, sexual activity, and work [22, 25,
26]. In a qualitative study by Akakura et al., 91% of patients
reported that their daily activities were affected due to their
disease, and 73% described that BM impacted their ability
to perform family roles. Sleep was also affected in up to 41%
of patients [27].

Psychosocial issues

Unsurprisingly, BM patients experience a multitude of
psychosocial issues due to their disease. In a study of 122
patients with castration-resistant prostate cancer and subse-
quent bone metastases, 47% had significant psychological
distress due to anxiety and depression prior to treatment with
Radium-223 [28]. Coward et al. performed patient inter-
views that included themes of psychosocial issues. Patients
mentioned that the “pain reminds [them] that [their cancer]
is still there,” and that “it’s so constant, it just wears you out”
[10]. Additionally, BM patients remarked upon the interfer-
ence of their diagnosis with social activities, hobbies, and
their relationships with their friends and family [10]. In a
qualitative study by Chen et al., patients often felt that they
were a burden to their family [29]. Worries about medical
care, general health, and impending death were additional
issues mentioned by patients [27].

Treatment-related QoL issues

Patients with BM may experience QoL issues not only due
to their disease, but also from BM-directed treatments.
Treatment-related QoL issues were extracted separately
and were categorized by treatment modality (Table 3). In
this systematic review, the most common interventions were
categorized as radiotherapy, surgery, BMAs, image-guided
ablation, percutaneous cementoplasty, and radionuclides. In
all these treatment modalities, some form of post-treatment
pain was noted [30-36]. Nausea and fatigue were side effects
common to nearly all treatments [30, 33-36].

Palliative radiotherapy was most frequently prescribed
using a conventional external beam radiotherapy (cEBRT)
technique for pain control in bone metastases. In a RCT of
241 patients randomized to receive two different dose sched-
ules of cEBRT, acute treatment-related toxicities, such as
erythema, nausea, vomiting, and tiredness, were present up
to 35% of patients [30]. Stereotactic body radiation therapy
(SBRT) allows for the delivery of a higher dose per frac-
tion while sparing normal tissues, and has gained popularity
in the recent decade for the treatment of BM. Compared
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Table 2 BM-specific quality of life issues and the number of studies that discuss them in the literature

Physical issues Functional Psychosocial issues
issues
Number of arti-  Site of pain Nature of pain ~ Physical symp- - Psychological Social issues  Financial issues
cles discussing toms related to issues
the issue BM
51+ Bone pain (239  Generalized - Interference with - - -
studies) pain (198 ambulation
studies) (102 studies)
41-50 - - - - - - -
3140 Back pain - Fatigue Interference with - - -
daily activities
21-30 - - Swelling or Limited range - - -
mass or bump of motion of
limbs
Interference with
sleep
11-20 Hip pain Breakthrough Change in Interference Helplessness Interference  Financial burden
pain appetite with self-care  Distress with social due to disease
Constipation activities Depression activities or treatment
Dyspnea Interference Anxiety Interfer-
Urinary symp- with strenuous  Negative ence with
toms activity perception personal
Nausea of emotional relation-
well-being ships
1-10 Skull pain Neuropathic Dyspepsia Interference with Feeling lost Feeling a -
Nasal pain pain Weakness lying down Lack of motiva-  burden to
Neck pain Intermittent pain Limb twitching Interference with  tion family or
Shoulder pain Chronic pain Diarrhea sitting Anger or Frus- caregiver
Arm pain Mechanical pain Cranial nerve Interference with  tration Spiritual
Hand pain palsy standing Negative concerns
Chest pain Dizziness Interference with  perception of
Pelvic pain Drowsiness performing physical well-
Buttocks pain Dry mouth family role being
Thigh pain Edema Interference with Feeling depend-
Leg pain Limb weakness work ent on anal-
Knee pain Numbness Interference with  gesics
Foot pain Headache sexual activity Worry about
Altered taste loss of mobil-
Vomiting ity
Weight changes Lack of satisfac-
Stiffness tion with care

Fecal inconti-
nence

Worry about
progression of
disease

Worry about
dependence on
others

to cEBRT, this treatment technique was shown to achieve
higher rates of complete pain response, but also higher rates
of pain flares in the first month after treatment [37]. Some
patients may not tolerate SBRT due to the pain associated
with the treatment position. In a Dutch RCT involving more
than 100 patients, up to one in five patients receiving SBRT
could not tolerate treatment due to severe pain being in treat-
ment position [38].

Surgical options for BM include stabilization of the
bones, reconstruction, and resection of tumour. Common

post-operative complications reported by patients included
wound complications, post-operative swelling, and pain with
mobilization [31, 32].

BMAs such as zoledronic acid, pamidronate and den-
osumab were commonly used in the treatment of BM to
prevent SREs. QoL issues reported by patients treated with
BMAs included bone pain, nausea, flu-like symptoms, jaw
pain due to osteonecrosis, and fatigue. Notably, bone pain
could occur in up to 30% of patients, as shown in a RCT
by Amadori et al., that compared two dose intervals of
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Table 3 Quality of life issues related to treatments for BM and the number of studies that discuss these issues in the literature

Number of articles  Radiotherapy Surgery (n=103) Bone-modifying Radionuclides Image-guided abla-  Percu-
discussing the issue (n=160) agents (n=108) (n=146) tion (n=44) taneous
cemen-
toplasty
(n=178)
21-30 - - Nausea - - -
Flu-like symptoms
Fatigue
11-20 Nausea Wound complica- Vomiting Bone pain flare Post-procedural pain -
tions Osteonecrosis of the flare
jaw symptoms
1-10 Vomiting Post-operative Diarrhea Nausea Skin burn Pain or
Skin reactions swelling Constipation Fatigue Nausea discom-
Pain flare Pain on mobilization Loss of appetite Diarrhea Vomiting fort at
Diarrhea Paralysis of limbs Pain flare Vomiting Fever injection
Fatigue Inability to bear Edema Fever Numbness at injec- site
Chest symptoms weight Dyspnea Constipation tion site Loss of
Dysphagia Dyspepsia Dizziness or vertigo Fatigue appetite
Fever Abdominal Pain Muscle weakness Fever
Constipation Rash Arthralgia Nausea
Urinary symptoms Dizziness or vertigo Abdominal discom-
Insomnia Headache fort
Dry mouth Pins and needle Altered taste
sensations Loss of appetite

Gastric Reflux

Dry mouth

Dry mouth

zoledronic acid in 425 patients with BM from primary breast
cancer [33]. However, this onset of bone pain reported from
the use of BMAs is transient, and long-term use of BMAs
often leads to reduction of disease-related pain [33].

Studies on other interventions identified other side-
effects that may negatively impact QoL. For example,
radionuclides such as Radium?** and Lutetium'”” caused
pain flares, nausea, fatigue, and diarrhea [34]. Additionally,
image-guided ablation treatments, such as radiofrequency
ablation, resulted in post-procedural pain flares, skin burns,
and nausea [35]. Furthermore, percutaneous cementoplasty
was often associated with nausea and pain at the injection
site [36].

Patient-reported outcome measures (PROMs)

A range of tools are used to assess the patient-reported out-
comes of patients with BM in the literature (Table 4). These
tools can be classified into the following groups: (1) pain
scales, (2) generic QoL assessment tools, (3) cancer site-spe-
cific QoL assessment tools (4) BM-specific QoL assessment
tools, (5) issue-specific assessment tools (e.g., for anxiety)
and, (6) investigator-designed questionnaires or scales.
The pain Visual Analog Scale (VAS) and the Brief
Pain Inventory (BPI) were used the most (119 studies
used VAS, 89 studies used BPI). The VAS was used in
conjunction with another PROM in 58% of all studies

@ Springer

included in this systematic review (69 out of 119 studies
that used VAS). The next most frequently used PROM
was the European Organization of Research and Treatment
of Cancer (EORTC) Quality of Life Questionnaire Core
30 (QLQ-C30), followed by study-specific questionnaires
designed by the investigator. Other generic QoL tools
that were commonly employed include the EORTC QLQ-
C15-PAL (a shortened form of the QLQ-C30 designed for
patients in palliative care), Short Form 36 Health Survey
Questionnaire (SF-36), EuroQol-5 Dimension (EQ-5D),
and the Functional Assessment of Cancer Therapy—
General (FACT-G). Cancer site-specific QoL assessment
tools, (e.g., FACT-Prostate for prostate cancer and EORTC
QLQ-BR23 for breast cancer), as well as issue-specific
assessment tools (e.g., Hospital Anxiety and Depression
Scale), were used less frequently.

Three BM-specific QoL assessment tools were identified
in this systematic review: the EORTC QLQ-BM?22, Func-
tional Assessment of Cancer Therapy-Bone Pain (FACT-
BP), and BOMET-QoL-10. Of these tools, the most fre-
quently used was the EORTC QLQ-BM?22, developed in
2009 by the EORTC Quality of Life Group (QLG) [39]. This
tool has a total of 22 items with subscales on pain site, pain
characteristics, functional interference, and psychosocial
issues [39]. The FACT-BP scale consists of 16 questions
with a focus on bone pain and its impact on one’s quality
of life [40]. The BOMET-QoL-10 tool utilizes 10 questions
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Table 4 Patient-reported outcome measures (PROMs) used to assess quality of life of patients with BM by frequency

Number of articles using the PROM Quality of life tools

119 Pain Visual Analog Scale (VAS)

89 Brief Pain Inventory (BPI)

80 European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire
(EORTC QLQ)-Core 30

72 Study-specific QoL Tool

57 Numeric Pain Rating Scale

49 EORTC QLQ-Bone Metastases 22

31 EORTC QLQ-Core 15-Palliative

29 Functional Assessment of Cancer Therapy (FACT) — General

28 EuroQoL-5 Dimensions (EQ-5D)

23 36-Item Short Form Health Survey

21 Musculoskeletal Tumor Society (MSTS) Score

14 Brief Pain Inventory — Short Form

13 Patient-Reported Outcomes Measurement Information System (PROMIS)

13 FACT-Bone Pain

10 Oswestry Disability Index (ODI)

10 FACT-Prostate

10 Edmonton Symptom Assessment System (ESAS)

The Rotterdam Symptom Checklist (RSCL)

The McGill Pain Questionnaire

Verbal Rating Scale

Toronto Extremity Salvage Score (TESS)

Linear Analog Scale Assessment (LASA)

Hospital Anxiety and Depression Scale (HADS)

Bone Metastasis Quality of Life (BOMET-QoL)

Barthel Index of Activities of Daily Living

EORTC QLQ-Breast 23

Questionnaire on Distress in Cancer Patients—Short From (QSC-R10)
QOL Questionnaire for Cancer Patients Treated with Anticancer Drugs (QOL-ACD)
Functional Living Index-Emesis (FLIE)

Functional Living Index — Cancer (FLIC)

Harris Hip Score

FACT-Breast

EORTC QLQ-Fatigue 13

Patient-Generated Subjective Global Patient Identification Information Assessment (PG-SGA)
Quality of Life in Life-threatening Illness-Patient Questionnaire (QOLLTI-P)
Present Pain Intensity (PPI) Scale

Patient Care Monitor (PCM) Assessments

Pain Management Index (PMI)

General QoL Scale (Global or HRQoL)

Brief Symptom Inventory-18

Cancer Linear Analogue Scales (CLAS)—1,2,3

Dexamethasone Symptom Questionnaire (DSQ)

Patient Reported Experience Measure (PREM) Questionnaire

DASH Score (Disabilities of Arm, Shoulder and Hand)

Pittsburgh Sleep Quality Index (PSQI)

Nottingham Health Profile (NHP) scale

Oral Health Impact Profile (OHIP)-49

Multidimensional Fatigue Symptom Inventory-Short Form (MFSI-SF)

N T T T R T N N N T S S e U UV S SO VU SO L U U VN UM NEENCIN N

Newcastle Satisfaction with Nursing scale (NSNS)
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Table 4 (continued)

Number of articles using the PROM Quality of life tools

QuickDASH

Hamilton Scale

L R N e S N T S

Western Ontario and McMaster Universities Index of Osteoarthritis (WOMAC)

Self-Reported Leeds Assessment of Neuropathic Symptoms and Signs (S-LANSS)
MD Anderson Symptom Inventory (MDASI)

Memorial Anxiety Scale for Prostate Cancer (MAX-PC)

Functional Mobility Scale

Herth Hope Index (HHI)

Functional Assessment of Cancer Therapy (FACT)-Kidney Symptom Index-19 (FKSI-19)
Checklist for Individual Strength (CIS)-Fatigue

Lower Extremity Functional Scale (LEFS)

Expanded Prostate Cancer Index Composite (EPIC)

Lung Cancer Symptom Scale (LCSS)

EORTC QLQ-Prostate 25

Chinese Quality of Life (QOL) Score

Analgesic Use, Independence and Mobility Grading Scale (Allen)
Pain Scale of Functional Assessment Rating Scale (Enneking)
Brief Multidimensional Life Satisfaction Scale (BMLSS)

Bone Health Education Needs Assessment (BEACON) Survey

to assess the symptoms of a patient’s BM and its effects on
physical, social, and mental domains of QoL [41].

QoL issues not covered by PROMs

Table 5 summarises the domains covered by PROMs that
were used more than 20 times in the literature and the BM-
specific assessment tools. None of these tools address all
domains of issues identified in the systematic review. Since
the EORTC QLQ-BM22 is recommended to be used with
the EORTC QLQ-C30 in clinical trials, these two tools com-
bined are the most comprehensive for assessing the QoL of
patients with BM [39]. While all tools ask about the pres-
ence and severity of pain, only three (BPI, EORTC QLQ-
BM?22, and BOMET-Qol-10) assess both the site and nature
of pain [39, 41, 42]. All BM specific tools assess functional
interference and emotional or psychological issues [39-41].

BPI is the only tool that explicitly assesses the effects
of treatment on patient QoL [42]. Even so, it only assesses
whether patients attribute pain to BM-directed treatments
such as surgery and radiotherapy [42]. The time to onset of
pain, for example, whether it occurred immediately (pain
flare) or constantly after treatment, is not assessed by these
PROMs [39-42]. Other specific treatment-related issues,
such as jaw pain due to osteonecrosis of the jaw, are also not
mentioned [39-42]. Additionally, apart from pain, none of
the tools assessed symptoms related to BM, such as numb-
ness and limb weakness that could result from radiculopathy
or spinal cord compression [39—42].
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Discussion

To our knowledge, this is the first systematic review evaluat-
ing both the QoL issues experienced by patients with BM
and the tools used to assess them. A comprehensive list of
QoL issues relevant to BM was generated, demonstrating
the multitude of issues faced by patients with BM related to
their disease. Additionally, an exhaustive list of treatment-
related issues specifically relevant to BM patients was com-
piled. These affect the physical health, functional capabili-
ties, emotional well-being, and relationships with others in
patients with BM.

Many PROMs have been used to assess the QoL of
patients with BM. A key finding of this systematic review
is that most of these tools exclusively focus on pain and its
impact on patients’ daily living. Due to advances in systemic
anti-cancer treatments, patients with BM have greater life
expectancies, and thus have higher risks of developing SREs
over time [2]. Patients with such complications, for example
malignant spinal collapse or spinal cord compression, may
have vastly different QoL issues compared to patients with
localized BM, such as a small sclerotic BM with no soft
tissue component [6]. Additionally, for patients with oligo-
metastatic BM, the treatment goals and varying presenta-
tion of symptoms may alter the QoL issues faced, regarding
pain and survival outcomes [43]. Therefore, the issues being
assessed in the existing tools may not be entirely relevant.

This review has identified the EORTC QLQ-BM?22 as the
most frequently used BM-specific PROM in the literature.
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This tool was first developed in 2009 and validated interna-
tionally with BM patients [39]. According to the EORTC
QLG guidelines, this tool must be used in conjunction with
the EORTC QLQ-C30 [44]. When combined, these tools
assess patients’ QoL far more comprehensively than other
measures but unfortunately these measures still do not
explicitly assess treatment-related issues. One issue com-
monly resulting from all BM-directed treatment modalities
is worsening of pain after treatment, or pain flares. Exist-
ing tools are not specific to the pain treated by BM-related
modalities, and in many studies assessed it is unclear how
patients were instructed to rate their treated pain at baseline/
follow-up assessments, compared to pain originating from
other sources. This specification is necessary for QoL tools,
in order to correctly evaluate the impact of an intervention
on a patient’s pain. Due to the extended survival of patients
with BM, repeat interventions may also be required, and
consideration must be made for this as well in tools [5].
Psychological distress, lack of social support and poor cop-
ing has also been associated with the intensity of pain [45].
Therefore, it is important to monitor differences in pain
severity between treatments.

Furthermore, patients receiving BMAs have a unique set
of treatment-related issues, for example flu-like syndrome
and osteonecrosis of the jaw [3]. The 2020 European Society
of Medical Oncology guidelines on bone health has recom-
mended that all patient with BM should be offered BMAs,
regardless of whether the metastases are complicated or not
[46]. Due to this increased use of BMAs, it is important to
incorporate these issues into existing assessments.

Strengths and limitations

A major strength of this systematic review is that all types of
studies reporting the experience of patients with BM were
assessed, including qualitative studies and case reports.
Studies that used open-ended interviews to assess QoL
allowed investigators to deeply explore patients’ symptoms
and discover what is the most relevant to them regarding
their QoL. This enabled the discovery of new issues that are
not currently covered by existing tools.

One of the main limitations of this review is that the
QoL issues identified are confined to the aims and questions
assessed by the studies. As a result, QoL issues faced by
patients with BM may not be included in this list if it was not
reported in the studies extracted. Due to the nature of BM,
some of the issues identified may have been caused by the
primary cancer rather than BM. Additionally, the inclusion
of case reports may have introduced symptoms that were
only observed in a small number of patients. Furthermore,
patients with BM are a heterogeneous population with vary-
ing experiences. Treatment strategies and their impacts on
QoL could vary depending on various factors, such as the

@ Springer

site of BM, the number of metastases, the primary cancer,
and expected survival time. Thus, some issues may not be
applicable to all patients with BM.

Future directions

In many studies, multiple tools were used to assess the wide
range of QoL issues experienced by patients. To relieve
patients’ burden from answering multiple questionnaires,
there is a need to update or combine existing tools to encom-
pass all relevant QoL issues. Moving forward, interviews
with patients and healthcare professionals should be con-
ducted to comprehensively assess additional issues identified
in this systematic review, in particular the non-pain physical
issues and treatment-related issues. Patients recruited for the
interviews should be stratified by the site of BM, their dura-
tion of being diagnosed with BM, and treatment(s) received.
This will ensure that future assessment tools assess issues
relevant to all types of patients with BM.

A bone metastases-specific patient reported outcome
instrument that not only focuses on pain will be more com-
prehensive in assessing how the disease affects patients’
quality of life. Treatments aiming to effectively improve
every QoL domain is important, as there is a complex rela-
tionship between pain, other physical symptoms, as well as
psychosocial and functional QoL issues. Some patients pre-
senting with spinal cord compression or pathological frac-
tures may have difficulties with mobility at the remaining
days of their life. It is reported that advanced cancer patients
have spiritual concerns due to the consequences of their dis-
ease [47]. Such issues, for example difficulty in maintain-
ing personal identity and worries about death and afterlife,
were not captured in our systematic review [47]. A focused
interview specifically asking these questions is needed to
see whether they are relevant to certain subsets of patients
with complicated BM.

Conclusion

This systematic review compiled an exhaustive list of QoL
issues described by patients with BM and identified the tools
used to assess them. The QoL issues spanned physical, func-
tional, and psychosocial domains, and can act as a reference
to patients and their families on the issues they may encoun-
ter after receiving the diagnosis of BM. Additionally, this
QoL issue list will be helpful for healthcare professionals to
better understand patients’ experience, and more effectively
design treatment programs to address their needs. An update
of BM-specific QoL tools based on this list is recommended
to ensure they comprehensively capture the QoL issues faced
by patients, especially those that relate to the newest BM-
directed treatments.
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