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HIGHLIGHTS

e Bone sarcomas are better considered a systemic disease with radiologically undetectable micrometastases already present at diagnosis.

e Chemotherapy was added to the clinical protocol in the 1970s. Actuarial 10-year survival rates improved significantly from 10% to 40%.

e Despite the success of chemotherapy, the agents used have known toxicities that can cause long-term health effects in former patients.

o Our review of the peer reviewed literature shows secondary malignancies, skeletal complications and organ failure require dedicated check-up.
e Continued follow-up of former bone sarcoma patients, beyond that of oncological surveillance, is essential to improve overall patient care.

ARTICLE INFO ABSTRACT

Keywords: Despite the fact that chemotherapy for bone sarcomas (e.g. Ewing sarcoma, osteosarcoma) has well-reported
Bone sarcoma toxicities and that surgical intervention is frequently life altering, follow-up care to monitor for late and long-
Cancer term effects beyond that of oncological surveillance in former patients is variable. Anecdotal evidence sug-
Lite efficm gests that inconsistent follow-up means some former bone sarcoma patients are left to cope with post-treatment
(S:u:vr?f;rs:;)p v late and long-term effects with limited support. Here, we performed a scoping review to provide a more empirical
identification of the knowledge gaps and to provide an overview of the peer reviewed academic literature
reporting the late and long-term effects of treatment for bone sarcoma. JBI Scoping Review Network guidelines
for charting, analysis and data extraction were followed. Literature searches were conducted in Medline (Ovid),
Cochrane CENTRAL, EMBASE (Ovid), CINAHL, PsycINFO, Proquest and Web of Science (Clarivate Analytics)
from March 2024 to September 2024. Paper titles and abstracts were screened by two independent reviewers
followed by full text analysis by the lead researcher. Seventy-four peer reviewed articles were included in the
analysis. Most studies were of a retrospective study design, some up to 20 years of follow-up and included
chemotherapy, surgery and sometimes radiotherapy as the treatment modality. Our analysis identified secondary
malignancies, cardio- and nephrotoxicity, lower bone mineral density and microarchitectural deterioration,
cancer related fatigue and motor neuropathies as the major physical late and long-term effects requiring dedi-
cated follow-up. In some cases, follow-up may need to span decades, especially given the increasing population
of former patients. Our results form the evidence-based foundations for future work that might include late and

long-term effect follow-up service mapping exercises and expanded clinical recommendations.
1. Introduction clinical protocol in the 1970s [5-8]. Local radiotherapy was included for
some Ewing sarcoma cases [9]. Combining local and systemic therapy
Ewing sarcoma and osteosarcoma are malignant bone tumours led to significant improvements in survival outcomes. Actuarial 10-year
mostly diagnosed in children, adolescents and young adults [1-4]. As survival rates increased from 10 % to 40 % and even higher in localised
almost all patients with bone sarcomas developed metastases in the disease cases [9,10]. Despite the success of chemotherapy, it has well-
short term with local therapy alone, chemotherapy was added to the reported toxicities that can cause long-term health effects in former
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patients (a preferred term used by some members of the bone sarcoma
community instead of ‘survivor’). Empirical evaluation of outcomes
following treatment including functioning and quality of life have
become critical to investigate because former patients have voiced their
frustrations with cancer aftercare. This problem is ever expanding given
the increasing population of former patients and requires an evidence-
based approach to lay some groundwork for more dedicated assess-
ment in the future. Here, we performed a scoping review of the peer
reviewed academic literature reporting the late and long-term effects of
the chemotherapy protocol for bone sarcomas (vincristine, doxorubicin
and cyclophosphamide alternating with ifosfamide and etoposide (VDC/
IE) for Ewing sarcoma; methotrexate, cisplatin and doxorubicin (MAP)
for osteosarcoma), radiotherapy and wide margin surgery, revealing
treatment implications and the subsequent effects in former patients’
lives after interventional care has been delivered.

2. Methods
2.1. Data sources

JBI Scoping Review Network guidelines for charting, analysis and
data extraction were followed [11,12]. As per JBI's scoping review
manual, a priori protocol was curated before the review was initiated.
The PCC mnemonic for population, concept and context was applied as a
question development framework to expand the outcome of interest. For
this study, the outcomes were (i.) primary bone cancer that fits as a
population qualifying criteria, (ii.) late/long-term effects including
physical, psychological or social and (iii.) supportive needs or aftercare.
Points ii. and iii. were the core concepts examined by the scoping review
that articulated the scope and breadth of inquiry. Cultural factors
including geographical location, racial or sex-based interests were not
applied because the supportive needs for every former patient are
required to be addressed. For this reason, no literature were ruled out or
excluded from the searches because all key findings were essential to
map out the available evidence and bolster future research in this area.

2.2. Inclusion criteria

A comprehensive multifield search was applied using the following
databases: EMBASE, Medline (OVID), Web of Science (Clarivate Ana-
lytics), Cochrane CENTRAL, CINAHL APA, PsycINFO and Proquest.
Since no exclusion criteria were defined prior to the literature review,
the approach taken when using the databases was to search for available
literature through ‘Boolean logic’ to combine search terms related to the
area of this investigation. Different variations of these phrases were
combined or excluded to produce relevant literature (Table 1). The
studies eligible for inclusion included synonyms of “primary bone cancer”
combined with equivalences of “late effects” or “survivorship” and “follow-
up” (“needs’’) or “aftercare”. The search was performed without re-
strictions for date or methodologies. Articles were deemed eligible if
they identified risk factors of treatment type, treatment year or whether
tumour related type/histology influenced the occurrence of late effects.
Patient demographics, social and lifestyle factors were important to

Table 1

The strategy for literature searches used Boolean logic to define relationships
between terms in the search. The Boolean search operators and/or were used to
create a broad search and encompass all available literature. The search terms
were combined to result in a search that contained all terms and led to the most
relevant literature.

# Searches

Primary bone cancer OR bone sarcoma* OR Ewing sarcoma OR osteosarcoma
OR chondrosarcoma OR chordoma OR adamantinoma etc.

AND  Late effect* OR long term OR longer term OR survivorship

AND  Need* OR support* OR after* OR after-care OR follow* OR follow-up
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observe and were included. Quantitative studies such as population-
based studies and qualitative reports studying the physical and psy-
chosocial late effects in patients with bone sarcoma were included along
with guidelines and systematic reviews. As per the methodology of
scoping reviews, the quality or risk of bias were not appraised [12].

2.3. Study selection

The initial selection process began with screening of titles and ab-
stracts with the support of two independent reviewers to minimise se-
lection bias in the first instance. Full text retrievals based on potentially
relevant evidence were selected for further review if they met the
criteria defined a priori. Title, abstract and full text screening led to
eligible record collection (Fig. 1). The study selection process of
included articles was completed through narrative analysis and a brief
synopsis of the appraised evidence plus descriptive statistics rather than
assessment through meta-analysis due to data heterogeneity [13].
Following duplicate exclusion, a full text screening was performed on 74
independent studies (Table 2).

3. Results
3.1. Data charting process

The database searches produced 3,034 articles following the search
strategy (Fig. 1; Table 1). After removing 2,778 duplicates, 256 studies
were screened and 123 were selected for full text review based on their
relevance to the research question: what the empirical evidence for late
and long-term effects is requiring follow-up independent to oncological
surveillance. Further reading of the full texts narrowed down the
selected papers to 74. Some studies were excluded due to wrong study
type, outcome or no follow-up data recorded. The 74 papers were

P
Papers identified through search database (n=3,034)
c
) « EMBASE (n=404)
= + OVID Medline (n=563)
© « Web of Science (n=1,000)
2 « Cochrane CENTRAL (n=18)
:5 + CINAHL (n=156)
c + APA PsycINFO (n=58)
() * Proquest (n=835)
L)
Duplicate papers
removed before
screening (n=2,778)
Papers included in title and abstract screening
(n=256)
o
=
5 Papers excluded after
o title and abstract
S screening (n=133)
5]
(/7]
[ Papers included in full-text screening (n=123) ]
Papers excluded
after full text
screening (n=49)
©
(V] Soft tissue sarcomas
-g only: n=12
i Wi :
[3T) Papers eligible for data rongn::l;come
E charting scoping No follow-up data:
review n=27
(n=74)

Fig. 1. Search strategy used. Seventy-four papers were eligible for data
extraction and descriptive analysis.



K. Khan et al. Journal of Bone Oncology 52 (2025) 100671

Table 2 Table 2 (continued)
Article characteristics used in the scoping review.

Characteristics of articles included in the scoping review (n = 74)

Characteristics of articles included in the scoping review (n = 74)

Late Physical Late Psychosocial Late
Late Physical Late Psychosocial Late Effects Effects Effects
Effects Effects Effects Norway 4 1 3
Databases n of n of papers n of papers Russia 1
apers Spain 2
EMBASE 1132p 4 2 Sweden 1
MEDLINE 3 13 3 Switzerland 1
Web of Science 1 10 Turkey 1 1
Thailand 1
g;)]\cfl:;[l:e CENTRAL 3 g 2 United Kingdom 2 2
PsycINFO 1 6 United States 4 7 3
Proquest 1 3
Total papers 20 38 16
Patienptsp 13,223 89,000 1312 eligible for data extraction and descriptive analysis. Most studies were
Study design n of n of papers n of papers retrospective and focussed on physical late effects (n = 30) (Table 3).
Retrospective gapers 50 . The most widely used treatment modality was a combination of
Cross-sectional 12 5 12 chemotherapy, surgery and radiotherapy (n = 39) with a follow-up of >
Prospective 1 3 5 years (Table 2). Across all of the studies reviewed, 78 % considered the
Sample size n of n of papers n of papers physical late effects and 48 % considered psychosocial late effects
papers (Table 4). Breakdown of the age groups investigated shows almost one-
<50 8 16 9 . . . .
50.100 1 9 5 third of studies focussed exclusively on former patients aged 11-20 y at
100 10 11 2 their bone sarcoma diagnosis. Forty-seven percent of studies did not
>1000 1 specify age at diagnosis.
>10,000 1 1
Bone sarcoma types :j;;)irs % of papers % of papers 3.2, Secondary malignancies
Osteosarcoma 70 % 52 % 75 %
Ewing sarcoma 65 % 65 % 81 % Found to be of particular concern amongst former patients through
Chondrosarcoma 30 % 26 % 56 % their subjective responses on a questionnaire was the potential higher
Chordoma 30 % 13 % 6 % . . . .
Adamantinoma 50 risk for developing a subsequent/second primary malignancy (e.g. bone,
Multiple bone sarcomas 10 % 7% 6% breast, leukaemia) following their treatment for bone sarcoma [14].
Age at diagnosis n of n of papers n of papers Clinically reported evidence of secondary malignancies or a subsequent
papers malignant neoplasm (SMN) appeared in 19 studies assessing the late
f;?zge;z:rs é 12 . consequences of bone sarcoma treatment; examined between 1992 and
21-30 years 1 2023, with 70.6 % of studies investigating individuals <18 y at age of
31-40 years diagnosis, whilst 29 % included adult survivors [14-32]. This important
41-50 years 1 finding endorses that former bone sarcoma patients are at a higher risk
>60 years 1 of SMN development.
Unknown 9 18 8 .
Broad range 3 s 4 Assessment of long-term outcomes for former osteosarcoma patients
Treatment nof n of papers n of papers found that the treatment factor attributing most to SMN development
papers was a higher cumulative exposure to the platinum-based agent cisplatin
Chemotherapy 1 8 [16]. For former Ewing sarcoma patients, radiation therapy was the
;‘fg:ﬁ;‘erapy ; : ) largest contributing factor even at lower doses (<50 Gy) and might
Chemotherapy + 4 4 occur very late (e.g. 20-years after original treatment) [30]. Radiation
Radiotherapy associated SMN cases increased with longer follow-up schedules [22].
Chemotherapy + Surgery 2 2 Investigation of cause specific mortality for 664 former bone sarcoma
Chemotherapy + 10 15 14 patients showed that they are four times more likely to develop an SMN
Raﬁ?g;;g:;"i ;i;f;ry 1 than is expected (compared to non-treated individuals) during a 24-year
Follow-up duration nof 1 of papers 1 of papers follow-up; however, after this time, the risk reduces to expected cancer
papers incidence levels [14].
<2 years 1 5 3 Alkylating agents used for Ewing sarcoma treatment such as cyclo-
2>‘55 5:;? ; go 1o phosphamide and etoposide were found to lead to the development of
Reg}ilon acute myeloid leukaemia (AML) from three to ten years post-treatment
Argentina 1 [21]. Incidence increased parallelly with the number of chemotherapy
Austria 1 1 agents used. A longitudinal follow-up study of former Ewing sarcoma
Australia 1 3 patients, now in adulthood, characterised AML as the most common
lézlf;zl 5 i SMN along with secondary osteosarcomas, breast and thyroid cancer
China 1 [21].
Egypt 1
Europe 1 5 1 3.3. Cardiotoxicity
France 1
I(i:;,n o 2 51; 2 Cardiotoxic effects arising from systemic treatments were reported in
India 1 14 studies highlighting this as another important late -effect
Japan 1 [16,17,21,28,32-41]. Another consequence to cisplatin use, along with
Netherlands 3 1

its association to SMNs, is the cardiac toxicity that high cumulative
exposure exerts [16]. Anthracyclines, also integral components to the
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Table 3
Physical late effect characteristics.
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Physical Late Effects (n = 58)

Category Number of No. of Year of Study design Diagnosis Treatment Follow-up Physical late effects
papers participants in study modality time
study
Secondary 19 7,262 1992-2023 Osteosarcoma 9 months — Subsequent malignant
malignancies > 20 years neoplasms
11 n=17),
Cross- Ewing sarcoma Chemotherapy Breast metastases
sectional
4 10 14 n=2),
Prospective Chondrosarcoma Radiotherapy Bone metastases
2 3 15 (n=7),
Retrospective Chordoma Surgery Pulmonary metastases
13 3 11 n=38),
Multiple bone
sarcomas
1
Cardiotoxicity 14 83,946 2004-2023 Osteosarcoma < 2 years — Cardiac toxicity
10 30 years (n=12),
Cross- Ewing sarcoma Chemotherapy Cardiac dysfunction
sectional
2 9 14 (n=1),
Prospective Chondrosarcoma Radiotherapy Left ventricular
dysfunction
2 9 (n=2),
Retrospective Chordoma Surgery Cardiomyopathy
12 2 7 m=2),
Multiple bone Heart disease
sarcomas
1 n=2),
Nephrotoxicity 9 1,012 1998-2020 Osteosarcoma < 2 years — Proximal tubular
> 20 years dysfunction
6 m=1),
Cross- Ewing sarcoma Chemotherapy Tubulopathy
sectional
2 4 8 n=2)
Prospective Chondrosarcoma Radiotherapy Renal toxicity
1 1 5 n=2)
Retrospective Chordoma Surgery Glomerular damage
6 1 3 m=1)
Multiple bone Reduced renal function
sarcomas
1 (n=5)
Orthopaedic 8 322 2012-2024 Osteosarcoma 5 years — 20 Low bone mineral
complications years density
5 (n = 4),
Cross- Ewing sarcoma Chemotherapy Microarchitectural
sectional deterioration
2 6 7 n=1)
Prospective Chondrosarcoma Radiotherapy Bone reabsorption
1 4 m=1)
Retrospective Chordoma Surgery Limb length defects
6 1 2 (m=23)
Multiple bone Osteopenia /
sarcomas Osteoporosis
=4
Fatigue 9 747 1999-2023 Osteosarcoma 3 months —
5 20 years Effect of radiotherapy
Cross- Ewing sarcoma Chemotherapy n=4),
sectional
7 6 7 Effect of chemotherapy
Prospective Chondrosarcoma Radiotherapy n=2)
1 5 7 Dizziness
Retrospective Chordoma Surgery m=1)
1 5 7 Chronic fatigue
Multiple bone n=7)
sarcomas
1
Hearing loss, 7 1,191 2009-2023 Osteosarcoma 2 years — 20 Impaired hearing
memory, vertigo 5 years (n=4),
Cross- Ewing sarcoma Chemotherapy Memory loss
sectional
4 4 6 n=1)
Prospective Chondrosarcoma Radiotherapy Vertigo
2 5 n=2)

(continued on next page)
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Table 3 (continued)
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Physical Late Effects (n = 58)

Category Number of No. of Year of Study design Diagnosis Treatment Follow-up Physical late effects
papers participants in study modality time
study
Retrospective Chordoma Surgery Ototoxicity
3 1 2 n=2)
Multiple bone Cognitive impairment
sarcomas
(n=2)
Fertility issues 8 1,290 1992-2021 Osteosarcoma < 2 years —
4 > 20 years Infertility
Cross- Ewing sarcoma Chemotherapy (n=28)
sectional
4 5 7 Premature menopause
Prospective Chondrosarcoma Radiotherapy mn=1)
1 6 Sterile patients
Retrospective Chordoma Surgery mn=1)
4 4 Gonadotoxicity
Multiple bone (n=1)
sarcomas
1
Table 4
Psychosocial late effect characteristics.
Psychosocial Late Effects (n = 36)
Category No. of No. of participants Year of Study design Diagnoses Treatment Follow-up Physical late effects
papers in study study modality time
Psychology 14 558 1995-2021 Osteosarcoma < 2 years — Existential
24 years considerations
11 (n=4),
Cross- Ewing sarcoma Chemotherapy Body image concerns
sectional
9 10 10 (n=2),
Prospective Chondrosarcoma Radiotherapy Chronic psychological
distress
5 9 (n=2),
Retrospective Chordoma Surgery Impairments of
neurocognition
5 1 11 n=1),
Multiple bone Post-traumatic stress
sarcomas disorder
(n=2),
Social integration 8 782 1995-2021 Osteosarcoma
and finance
7 3 years - 16 Employment /
years Education
Cross- Ewing sarcoma Chemotherapy (n=23),
sectional
3 6 5 Return to work
Prospective Chondrosarcoma Radiotherapy n=2)
1 4 Finances
Retrospective Chordoma Surgery n=2)
5 4 Social media concerns
Multiple bone mn=1)
sarcomas
1
Quality of life 9 1101 1995-2023 Osteosarcoma
6 4 months —
40 years
Cross- Ewing sarcoma Chemotherapy Poor HRQOL
sectional
4 6 6 (n=1)
Prospective Chondrosarcoma Radiotherapy Loss of vitality
1 5 7 n=1)
Retrospective Chordoma Surgery Chronic pain
4 1 7 n=2)
Multiple bone
sarcomas
1
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osteosarcoma treatment protocol, are known to have cardiotoxic side
effects [34].

Patients who undergo amputation surgeries are prone to loss of
physical movement and therefore may experience barriers to exercise,
which in the longer term also contributes as a risk factor for cardio-
vascular events [37]. In a study reporting the experience of the Italian
Sarcoma Group, of the 883 patients with osteosarcoma, 18 patients (2
%) experienced cardiomyopathy and half (9) died from congestive heart
failure. Among the 9 survivors, 4 had to undergo a heart transplant [17].

In a large cohort study of sarcoma patients, patients diagnosed at an
older age were more prone to develop heart failure due to the co-
morbidities of ageing combined with toxicities from chemotherapy
[41]. Older patients were less likely to have long-term surveillance [36].

3.4. Nephrotoxicity

Ifosamide is used for the treatment of osteosarcoma (front-line in
France, second line in the UK) and for the front-line treatment (inter-
national) of Ewing sarcoma. Nephrotoxicity was reported as a significant
side effect in 7 studies investigating those aged <18 y at diagnosis (43 %
of studies) [32,34,38,39,41-43]. Damage to the proximal tubules can
result in a loss of phosphate, bicarbonate, glucose, amino acids and low
weight proteins, which can lead to renal Fanconi syndrome in serious
cases [42]. Older patients were more likely to experience renal tubul-
opathy and increased urinary excretion [34]. Cisplatin, ifosfamide and
high-dose methotrexate were all found to be linked to renal toxicity with
cisplatin potentiating ifosamide-induced damage [34]. The EURO-B.O.
S.S. study reported that nephrotoxicity incidence was higher in those
>40 y than for younger patients leading to new guidance recommending
a modified MAP regime for patients >40 y (ifosfamide instead of high-
dose methotrexate) [44].

3.5. Skeletal complications

Bone sarcoma treatment in children can impair the attainment of
peak bone mass that predisposes to the onset of low bone mineral den-
sity (BMD) [45]. Microarchitectural deterioration can persist into
adulthood and increase fracture risk [45,46]. Adolescent patients who
have not yet undergone a pubertal growth spurt or epiphyseal plate
closure at diagnosis can experience skeletal late effects such as osteo-
penia, osteoporosis and fractures [46]. Lower BMD was found in 58 % of
patients in a study investigating 43 patients with Ewing sarcoma and
osteosarcoma who underwent chemotherapy [47]. Vitamin D deficiency
was also found as a late effect of chemotherapy [47]. Supplementation
should be considered post-treatment [48]. Patients aged < 10 y at
diagnosis may develop short stature [49].

A review of 4 studies found that immobilisation and decreased
physical activity (because of treatment intensity) causes bone resorption
leading to decreased bone mass and a higher fracture risk [45]. Disease
located in the lower extremity showed local osteopenia conditions [50].
This observation thematically links to the late effect of osteoporosis that
was found in a study investigating 24 former patients diagnosed at an
adult age [34]. Musculoskeletal symptoms including abnormal gait and
negative joint function were observed in one-third of patients (8/24)
who underwent prosthetic joint replacement or limb amputation [34].
In 207 former patients of Ewing sarcoma and osteosarcoma (now in
adulthood), more than one-third had radiographic evidence of periph-
eral sensory neuropathy and increased motor neuropathies [35].

3.6. Cancer related fatigue

A side effect found to persist during particle radiotherapy treatment
was tiredness and fatigue [51,52]. The creation of a simple form by the
Norwegian Clinical Sarcoma Research group facilitated useful commu-
nication with patients on long-term consequences of their treatments.
From this study, which included 54 patients with bone sarcomas, fatigue
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was the most frequent late effect raised (39 % of patients) and was noted
to appear more often in patient responses when compared to patients
with soft tissue sarcomas [53]. Quality of life for former patients who
received an allograft fusion and/or endoprosthesis (limb sparing sur-
gery) was poorer than those who received amputation or rotationplasty
in terms of fatigue in the long term [54]. Fatigue was experienced by 28
% of patients who underwent surgical treatment for malignant and
benign bone tumours, suggesting surgical intervention as a potential
causative factor [55]. Fatigue was also reported in a study of 102 pa-
tients who received chemotherapy for Ewing sarcoma or osteosarcoma
[56].

3.7. Impaired hearing, memory loss and vertigo

Impaired hearing and memory loss were reported as a late effect of
radiation toxicity [51]. In a study investigating 34 former bone sarcoma
patients, diffusion magnetic resonance imaging of the cerebral white
matter combined with the Wechsler Adult Intelligence Scale (WAIS)
intelligence test, age at diagnosis and assessment and time since diag-
nosis showed that chemotherapy was associated with reduced nerve
fiber density in the cingulum and corpus callosum plus with attention
deficits, memory loss and reduced processing speeds [57]. Hearing loss
has been linked with high cisplatin doses [16]. Cisplatin increased the
prevalence of vertigo, reported in 14 % of 733 former osteosarcoma
patients [16]. A study by the Scandinavian Sarcoma Group found 33 %
of former patients experienced ototoxicity after treatment [43]. As
evaluated by audiograms, hearing loss was detected in 40 % of patients
with osteosarcoma after a cumulative cisplatin dose of 600 mg/m2 [28].

3.8. Fertility issues

In males, abnormal sperm concentrations were frequently reported
[35]. Fertility was impaired in 47 out of 54 (87 %) male patients with
osteosarcoma who underwent sperm analysis post-treatment [32]. Of
207 female patients with osteosarcoma, 6 had impaired fertility [32]. A
qualitative interview study exploring the late consequences for 8 pa-
tients with osteosarcoma found chemotherapy was the leading cause of
fertility complications [58]. Patients who received cyclophosphamide as
part of their treatment reported fewer pregnancies and impaired fertility
[35].

3.9. Physical limitations

Although limb salvage surgery has functional and cosmetic advan-
tages over amputation surgery, there can be psychosocial and functional
consequences for patients with bone sarcomas. In 18 former osteosar-
coma patients with impaired physical function and reduced mobility,
half articulated concerns about the visible differences associated with
functional impairment [59]. Patients often felt the need to hide their
bodily changes, to feel as normal as possible, as well as to feel healthy
and physically (i.e. sexually) attractive [59]. Participants in a compar-
ative qualitative study of limb salvage and amputation surgery stated
that regardless of whether they underwent amputation or limb salvage
surgery, those with more functional lower limbs had a better quality of
life than those with less functional lower limbs [60]. This finding could
be related to diminished locoregional functioning, which can limit
occupational opportunities and in turn socioeconomic health for pa-
tients [33]. Amongst 664 former patients, problems with activities such
as walking (22 %), bathing or dressing (21 %) were almost four times
higher than those for the general population (5 %), which further em-
phasises the physical health implications following bone sarcoma
treatment [61].

3.10. Psychological impact

Just under half of the examined studies briefly considered the
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psychosocial and more holistic patient concerns including psychological
impact, social integration, financial difficulties and quality of life.
Lowered self-esteem was a major psychological implication reported by
18 patients as a long-term consequence of completing treatment for
bone sarcoma in their hip/pelvis region or lower extremities [58]. Pa-
tients reported cosmetic or visual consequences including limps, scars or
skin discoloration being an important aspect of discontent [58,62]. Body
image concerns were rated significantly worse for patients who under-
went late amputation surgery and amputation after limb salvage [60].

In exploring the different trajectories that former patients navigate
during follow-up three to ten years after diagnosis, there were three
different rehabilitation phrases identified amongst the 18 participants:
“back to normal”, “a new normal* and “still struggling” [63]. The majority
(15/18) of study participants considered their lives and their bodies to
be considerably different (“a new normal”). It was deemed amongst the
former patients to be strenuous and time-consuming to adopt a new
identity as a person with disabilities so “new normal” was the avenue to
cope [63]. The participants agreed that they would have benefitted from
dedicated and tailored psychological follow-up. Two patients reported
being “stuck” in a situation where the late and long-term effects of their
bone sarcoma treatment impacted their everyday lives to the extent that
they no longer considered their lives to be meaningful [63]. In another
study, around 30 % of all patients with sarcoma experienced clinically
significant levels of distress with many meeting the criteria for a post-
traumatic stress diagnosis [64].

3.11. Social integration and financial difficulties

The demands of cancer treatment often conflict with adolescent and
young adult developmental necessities such as increased independence
and peer interaction. For an adolescent or young adult with bone sar-
coma these conflicts are magnified due to high symptomatic burden and
late effects of the invasive treatments. One qualitative study showed that
former young adult patients often experience loneliness and have diffi-
culty integrating with friendship groups [65]. In their study of 39 former
patients, Nurdan et al. found that osteosarcoma treatment effects led to
significantly less likelihood to obtain/attain educational qualifications,
marital status, employment and parenthood [28]. In another study,
however, 80 % of patients revealed only minor psychosocial problems,
being able to adapt to their new living conditions [66], though there
were differences compared to the control group with regards to marital
status, independent living and parenthood [66,67].

Returning to work is a major step for former patients after treatment.
Some former patients used work as an approach to return to their prior
known structures of everyday life [68]. Return to work in some cases
was challenging since verbal comments from colleagues plus changes in
performance became a reminder of their status prior to diagnosis [68].

Patients with bone sarcomas can also experience financial diffi-
culties. Not working, not receiving benefits and the ongoing costs of
medication and parking in hospitals were reported issues in an interview
study of health professionals working with sarcoma (n = 21), patients
diagnosed with sarcoma (n = 22) and carers of patients diagnosed with
sarcoma (n = 17) [69].

3.12. Quality of life

Given the overall reduced physical functioning of former bone
tumour patients, there is a compromise to health related quality of life
[67]. In the long-term follow up of 18 former patients, 3 highlighted a
loss of their main hobby, an active or athletic activity and struggled
more with the change of being devoid of physical activity, contrasting to
the life they once enjoyed. These concessions led to patients suffering
from a lack of motivation, fatigue, reduced cognitive function and
mental health challenges, which ultimately impacted their quality of life
[63]. Fatigue amongst 170 patients was associated with psychological
variables including reduced optimism [55]. Significant rates of chronic
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psychological distress were found in psychiatric evaluations of now-
adult former Ewing sarcoma patients exhibiting major depression,
alcohol abuse and post-traumatic stress disorder [33,35].

For 23 former patients who underwent limb salvage surgery, there
was a general reluctancy to share feelings of body image issues and
mobility difficulties with their oncologist due to concerns of appearing
vain or unappreciative [70]. This and other studies emphasise that
global function and reintegration into “normal“ living plays a role in
quality of life [16]. Not speaking about their frustrations often led to
patients adopting social isolation practices and avoidant coping strate-
gies, which further impacted their mental health and functional quality
of life [70].

4. Discussion

The term ‘cancer survivor’ is broad and variously defined, encom-
passing people living with cancer, in remission or those with no evidence
of disease. It is predicted that by 2030 almost one million people in the
UK (1 in 70 people) will be living with moderate to severe physical and
psychological effects following cancer treatment [71]. The survivorship
trajectory starts at diagnosis and continues through life. Some people do
not identify with the term ‘survivor’ because the treatment effects
become a new health burden in themselves [72]; however, ‘survivorship
care’ is intended to improve health, wellness and quality of life. This
care type focuses on the wide and lifelong impact of cancer and its
treatment. Care addresses physical and mental health, health behav-
iours, personal and professional identity and finances. Many cancer
treatment effects such as nausea and vomiting quickly resolve after
treatment ends. Some effects do not resolve, or new effects start after
treatment. ‘Long-term effects’ start during treatment and persist when
treatment has concluded; for example, cognitive problems and fatigue.
‘Late effects’ occur long after treatment has ended; for example, second
cancers [73,74].

Models for survivorship care to address these late and long-term
effects vary across cancer types, healthcare contexts and continents. In
2008, the National Cancer Survivorship Initiative (NCSI) was launched
in the UK. The aim of this partnership, which is a collaboration between
Macmillan, NHS Improvement and the Department of Health and Social
Care, is to better understand the cancer survivorship experience and to
develop models capable of addressing the needs of those living with and
beyond cancer [75]. The goal of this collaboration was to bring about a
cultural shift in the UK healthcare system’s approach to survivorship
care. This objective led to significant progress in the development of
follow-up pathways with headway made for breast, prostate and colo-
rectal cancers in particular, though ongoing resource and government
commitment are needed to achieve lasting and more widespread
implementation [76]. Internationally, the North American National
Comprehensive Cancer Network (NCCN) provides detailed consensus-
based guidelines for follow-up monitoring of late and long-term ef-
fects. A working group of the European PanCareSurFup Consortium
(PanCare Childhood and Adolescent Cancer Survivor Care and Follow-
up Studies) have developed evidence-based recommendations for the
organisation of long-term follow up care for child and adolescent pa-
tients [77]. In the context of bone sarcoma, NHS England’s sarcoma
service specifications and UK and international clinical guidelines
include recommendations for late and long-term effects monitoring
[9,78]. Yet, qualitative evidence gathered across small-scale studies
with the UK bone sarcoma community suggests that varying access to
such inconsistent follow-up means some former patients are left to cope
with the late and long-term effects with limited support [79,80].

We have performed a scoping review to provide an overview of the
peer reviewed and published literature describing the late and long-term
effects of treatment for bone sarcomas and to identify the knowledge
gaps in this area. The work was intended to provide an empirical
foundation for future work that might include late and long-term effects
mapping exercises and research to inform dedicated -clinical
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recommendations on follow-up following treatment for bone sarcoma,
which in some cases may need to span decades. A number of peer
reviewed articles (n = 74) were analysed for this evidence-based
investigation. There was no restriction to geographical location
because cancer treatment late effects are universal for all individuals.
Grey literature (defined as information produced by non-commercial
entities such as charities, pressure groups, government agencies, pre-
prints, conference proceedings and doctoral theses, which are not
indexed in major academic databases) was not considered so that the
potential risk for limited interpretability of results was reduced.

Beyond oncological surveillance and recurrence of the primary dis-
ease, the most compromising physical late and long-term effects were
secondary malignancies, cardio- and nephrotoxicity and skeletal com-
plications. These morbidities require urgent intervention if detected,
highlighting the importance for regular and dedicated follow-up inde-
pendent to relapse/recurrence surveillance. Heart disease caused by
non-bacterial thrombotic endocarditis, chemo- and radiotherapy expo-
sure have become the largest underlying cause of death in former pa-
tients with cancer [37].

A proposition for the detection of cardiotoxic late effects is to eval-
uate whether patients present with symptoms of heart failure, an
arrythmia or general cardiac abnormalities during late effects follow-up.
Reduced systolic function can be detected with routine monitoring
during and post-treatment. Diagnostic echocardiography images, car-
diovascular magnetic resonance imaging or nuclear quantification of left
ventricular ejection fraction can also elucidate systolic dysfunction and
cardiotoxicity [81].

There is no uniform diagnostic screening for nephrotoxicity but the
Acute Kidney Injury Network (AKIN) [82] proposed measuring abrupt
changes in serum creatinine or urine as new diagnostic criterion for
determining the incidence and severity of nephrotoxicity [83]. It should
be noted that this specific screening still warrants confirmation from a
large prospective trial [83].

Differentiation and identification between osteoporosis and low
bone mineral density can be assessed through radiomorphometric
indices and cone beam computed tomography scans [84]. Fatigue,
memory loss and vertigo effects can be investigated through clinical
examinations and history taking during follow-up consultations. Regular
otoscopy and audiometry tests should be conducted to monitor for
impaired hearing late effects [85]. Fertility can be assessed through
ovarian and testicular assessments, MRI and pelvic/testicular ultrasound
imaging [86,87].

Literature on the physical late effects (reported in 78 % of included
studies) were more prevalent than psychosocial late effects (reported in
48 % of included studies) but it is important to note from the evidence
that the physical implications including reduced mobility or chronic
fatigue suggest a correlation to negative psychology and social func-
tioning. The aetiology of cancer related fatigue is most commonly
encountered in patients who underwent radiotherapy [52], which is
significant because there may be causality between fatigue and
depression [88]. Disease progression over time can lead to a delayed
onset of post-traumatic stress [89] with additional psychological im-
plications as well as physical manifestations such as chronic musculo-
skeletal pain, hyperlipidaemia, hypertension and cardiovascular disease
[89]. There is an interplay and sequential impact from both physical and
psychosocial late effects that clinicians should be aware of in order to
assess this, routinely, so its disabling impacts on patient functioning can
be mitigated.

The importance of providing post-treatment psychological support
appears to be less recognised in the literature. One study of a small group
(n = 23) found that former patients are typically left to deal with their
mental wellbeing in isolation [70]. Since bone sarcomas are mostly
diagnosed in the 2nd and 3rd decades, fear and uncertainty about the
future can continue to be a significant concern for former patients,
particularly those in the adolescent and young adult (AYA) age groups.
There is no current consensus on how to address the schedule for
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psychological surveillance in AYAs; however, developing proactive
screening tools to differentiate those patients who require assistance
from those at risk of psychological distress are imperative for limiting
late psychological complications [90]. Ensuring care is age appropriate
is vital since premature confrontation with mortality, fertility issues and
body concerns can lead to an unprepared realisation of the disruption
resultant from treatment complications later in life [90]. Age-
appropriate follow-up is essential to communicate these apprehensions
effectively and although heterogeneity in patient populations can make
it difficult to assess quality of life in AYA patients, approaches for routine
systemic screening are underway [91].

A main limitation of the available literature was a lack of investi-
gation into late effects in middle-aged patients (30-50 y) and in older
patients (>60 y). Literature pertaining to Ewing sarcoma and osteosar-
coma (n = 45) were more extensive when compared to chondrosarcoma,
chordoma and adamantinoma late effects (n = 37). Throughout the
research there is an underassessment of older patients who have been
treated for bone sarcoma, leading to a lack of evidence relating to ex-
periences of late and long-term effects in this age group specifically.
More primary research in these areas are required.

The British Sarcoma Group’s UK guidelines for the management and
follow up of bone sarcomas (primary bone cancers) state that: “It is
important to evaluate the long-term toxicity of chemotherapy and radio-
therapy as well as immediate chemotherapy-related complications. Moni-
toring for late effects should be undertaken, depending on the treatment and
in conjunction with available late effect services” [9]. The European Society
for Medical Oncology guidelines for bone sarcomas also state: “Long-
term toxic effects of chemotherapy, surgery and radiotherapy should be
evaluated and monitoring for late effects should be continued for > 10 years
after treatment, depending on the protocol used” [78]. Given the breadth of
late and long-term effects identified in this scoping review, more specific
detail relating to clinical management of the individual toxicity effects
may be warranted in future versions of clinical guidelines.

5. Conclusion

This scoping review has established an evidence base that supports
the need for dedicated long-term follow up and late effects monitoring,
which goes beyond oncological surveillance (e.g. relapse/recurrence)
following treatment for bone sarcoma. Identification of a diverse range
of physical toxicities impacting cardiac and renal functioning as well as
the risk of secondary malignancy and the potential for skeletal compli-
cations, fertility issues and deficits to hearing and cognitive functioning
justify the need for wide-ranging screening delivered within a multi-
disciplinary model of survivorship care. The significant psychosocial
implications, which are less represented across the available literature,
emphasise the need for a holistic approach. The scoping review findings
demonstrate how late effects can occur at any point during a former
patients’ lifetime and therefore, ongoing follow-up of cancer survivors is
essential to define specific groups at higher risk of complications,
identify unrecognised long-term adverse effects and improve overall
patient care. The work should be considered a critical first step in
gathering the evidence needed to guide future prospective studies to
further assess the key late and long-term effects drawn from the litera-
ture and to inform possible future improvements to long-term follow up
care.
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