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Abstract

Purpose: Childhood cancer and its treatment can cause damage to the musculo-
skeletal system. We aimed to determine the incidence and prevalence of muscu-
loskeletal health conditions (MSHC) in survivors, and to investigate differences
by cancer-related characteristics.

Methods: We used data from the Childhood Cancer Registry and the Swiss
Childhood Cancer Survivor Study, including survivors (>5years since diagnosis;
diagnosed 1976-2015 at <20years of age) aged >15years at study. Cumulative in-
cidence and prevalence of MSHCs (osteoporosis, limb length discrepancy, limited
joint mobility, bone/joint pain, scoliosis, changes to chest/ribs and amputation)
were calculated from self-reported data.

Results: We included 2645 survivors (53% men; median age 24years, range
15-59years). Prevalence and cumulative incidence of any MSHC was 21% and
26%, respectively. Incidence rate for any MSHC was 15.6/1000 person-years.
Scoliosis (8%), bone/joint pain (7%) and limited joint mobility (7%) were the most
prevalent MSHC. MSHC co-occurred with other health conditions in 87% of sur-
vivors. We found increased rates of MSHC in women (RR=1.4, 95%CI: 1.2-1.7),
bone tumour survivors (RR=6.0, 95%CI: 4.5-7.9), survivors older at diagnosis
(11-15years: RR=1.8, 95%CI: 1.5-2.3), after a relapse (RR=1.5, 95%CI: 1.3-1.9),
treatment with surgery (RR=1.2, 95%CIL: 1.0-1.5), chemotherapy (RR=1.4,
95%CI: 1.1-1.8) or stem cell transplantation (RR=1.6, 95%CI: 1.0-2.5), and more
recent year of diagnosis (2011-2015: RR=4.3, 95%CI: 2.8-6.8).

Conclusion: MSHCs are prevalent in survivors, the risk is increasing in
younger survivor cohorts, and MSHCs usually occur in multimorbid survivors.
Strengthening of rehabilitation services and appropriate referrals are needed to
mitigate the effects of the cancer and cancer treatment.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.
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1 | INTRODUCTION

Damage to the musculoskeletal system by childhood
cancer itself or its treatment can often not be prevented
without jeopardising the patient's survival." There is
a wide range of musculoskeletal health conditions
(MSHCs) that can develop in childhood and adoles-
cent cancer survivors (CCS), including low bone min-
eral density and osteoporosis, spinal deformities such
as scoliosis or kyphosis, muscle weakness, arm- or leg-
length discrepancies, or amputation.'” With improved
survival rates, nowadays exceeding 80% in high-income
countries, cancer- and treatment-related health condi-
tions pose a considerable problem for childhood cancer
survivors.®

In the general population, MSHCs are among the
leading contributors to years lived with disability,” and,
consequently, the leading contributor to the need for re-
habilitation.® Compared to the general population or
siblings, MSHCs are more prevalent in CCS’12: 10.4% of
survivors in the in the Childhood Cancer Survivor Study
experience MSHC compared to 1.4% of siblings (risk ratio
8.5 (95%CI: 6.5-11.2))."% Data from the St. Jude Lifetime
Cohort Study show that MSHCs are the third most com-
mon health problem in long-term CCS, with a cumulative
incidence of 83.6% at age 50years."* Additionally, MSHCs
are associated with low health-related quality of life in
CCS,” and are among the late effects that have the stron-
gest negative impact on physical functioning.”'* MSHCs
can also cause secondary complications, such as back
pain, hip pain, fractures, muscular imbalances, gait ab-
normalities, or impaired mobility.*'*'> Fortunately, many
MSHCs are amenable to rehabilitation, and early inter-
vention can help to prevent or ameliorate impaired physi-
cal functioning or disability."®

Prevalence of MSHC in cohorts of CCS varies from 2%
to 62% depending on the definition of MSHCs and the
average age of the cohort.""'*'""* Incidence of MSHCs
is largest in the first years after diagnosis, but evidence
suggests that MSHCs can also develop decades after di-
agnosis,'’ although there are differences by primary can-
cer diagnosis.”* All treatment modalities used for treating
children and adolescents with cancer can cause MSHCs."?
MSHCs seem to become more frequent with current treat-
ment protocols, but this temporal trend has only been an-
alysed in a subgroup of survivors of acute lymphoblastic
leukaemia.' There is also an indication for age- and sex-
specific differences in MSHC after childhood cancer.'®!!

childhood cancer, musculoskeletal health conditions, registry, scoliosis, survivors, Switzerland

Most studies analysing MSHCs have merged them to
a single outcome, disregarding distinct entities.'""'>!7®
Only few studies have presented results stratified for spe-
cific MSHCs.'' Other studies have determined incidence
or prevalence of specific MSHCs, but in selected diagnos-
tic groups only.'******* We used data from a nationwide,
population-based cohort study, the Swiss Childhood
Cancer Survivor Study (SCCSS), (1) to determine the cu-
mulative incidence, incidence rates, and prevalence of any
and specific MSHCs (osteoporosis, arm- or leg-length dis-
crepancy, limited joint mobility, persistent pain in bones
or joints, scoliosis, amputation), and (2) to evaluate differ-
ences in incidence rates of any and the specific MSHCs by
sex, age, type of cancer diagnosis, age at diagnosis, type of
treatment and year of diagnosis.

2 | METHODS

2.1 | Sample and procedure

2.1.1 | Survivor population

The Childhood Cancer Registry (ChCR) is a nationwide,
population-based cancer registry for all Swiss residents
diagnosed <20years of age with leukaemia, lymphoma,
central nervous system (CNS) tumours, malignant solid
tumours, or Langerhans cell histiocytosis.”* The SCCSS
is a nationwide, population-based, prospective cohort
study including all children and adolescents registered in
the ChCR, diagnosed with cancer since 1976 at an age of
<20years, who survived at least 5years.”® For the current
analysis, we included survivors aged >15years at study,
because information on MSHC was assessed differently in
the questionnaire used in younger survivors.

2.1.2 | Setting

Survivors first received a letter with study information
and the option to refuse participation from their former
treatment clinic. Two weeks later, the SCCSS research
team at the University of Bern sent survivors a paper-
based questionnaire with a pre-paid return envelope.
If they did not respond, they received a reminder letter
with another questionnaire 4-6 weeks later, and then sur-
vivors were contacted by phone for a second reminder.
The SCCSS questionnaire assessed information on health
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conditions, health service utilisation, health behaviours
and socio-demographic characteristics. Data were col-
lected from 2007 to 2022 and the overall response rate was
56%. Informed consent was obtained from all participat-
ing survivors. A detailed description of the SCCSS is pro-
vided elsewhere.”

Ethical approval of the SCCSS was granted by the
Ethics Committee of the Canton of Bern (KEK-No. 166/14
and 2021-01462).

2.2 | Measurements

2.2.1 | Musculoskeletal health conditions

The following MSHCs were assessed through self-report
in the SCCSS questionnaire: osteoporosis, arm- or leg
length discrepancy, limited joint mobility, persistent pain
in bones or joints, scoliosis, changes to the chest and/or
ribs. For each MSHC, participants were asked whether, at
any time in their life, they had ever had this health condi-
tion (incidence: yes/no). If yes, they were asked to indi-
cate since when they had this health condition (incidence
year) and whether they were currently still experiencing
it (prevalence: yes/no). Participants who answered ‘no’ or
who left a question blank were included in the ‘no’ cat-
egories. If participants did not complete any question on
health conditions, they were coded to have missing in-
formation. We additionally generated an overall variable
(any MSHC) and coded ‘yes’ if participants experienced at
least one of the MSHCs.

Information on musculoskeletal surgeries was coded
from open answers to the question whether the partici-
pant had had any surgeries during or after their primary
cancer treatment into amputation, rotationplasty, joint
replacement or arthrodesis, limb lengthening/shortening,
scoliosis surgery or spondylodesis, thorax surgery, surgery
due to a fracture, or any other musculoskeletal surgery.
We additionally generated an overall variable (any muscu-
loskeletal surgery) and coded ‘yes’ if participants had had
at least one of the above musculoskeletal surgeries.

2.2.2 | Explanatory variables

We obtained prospectively collected medical informa-
tion from the ChCR: sex (male, female), cancer diagno-
sis (coded according to the International Classification of
Childhood Cancer-3*°), surgery (yes/no), chemotherapy
(yes/no), radiotherapy (yes/no), and stem cell transplan-
tation (yes/no), year of diagnosis (1976-2015, 5-year in-
crements), age at diagnosis (years), and relapse or second
malignancy (yes/no). Age at study (years) was assessed
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in the SCCSS questionnaire. We calculated the sum of
organ systems affected by health conditions as indicated
by the participant (organ systems: neurological, muscu-
loskeletal, heart/circulatory, vision, hearing, hormonal,
respiratory, digestive, urinary, cancer-related fatigue and
mental health).

2.3 | Data analysis

For all analyses, we used Stata version 17.0.27 All tests
were two-sided and considered statistically significant if
p<0.05. Analyses are based on a completely anonymised
dataset. We generated time since diagnosis (years), age at
incidence (years), time since diagnosis at incidence (years),
and categorical variables with a priori defined categories
for: age at diagnosis (0-5years, 6-10years, 11-15years and
16-20years), time since diagnosis (5-50years, 5-year in-
crements), age at study (15-64years, 10-year increments).

We used descriptive statistics to describe the preva-
lence, cumulative incidence, and incidence rate for any
MSHC and each specific MSHC. We computed cumula-
tive incidence and point prevalence for any MSHC and
the specific MSHCs. We calculated the proportion of sur-
vivors for whom the condition is no longer prevalent. We
computed incidence rates for any and the specific MSHCs
by calculating the number of participants who answered
incidence with ‘yes’ and divided by total observation time
at risk. The starting point for time at risk was the age at
diagnosis, the endpoint was the age at incidence, or the
age at study for survivors who did not report a MSHC. We
calculated incidence rates for any and specific MSHCs
stratified by sex, age, cancer diagnosis, age at diagnosis,
treatment, and year of diagnosis. We calculated rate ratios
to compare different groups.

We calculated the missing values of the primary out-
comes (Table S1). We present complete case analyses, as
the performed sensitivity analyses showed that the results
remained stable with different imputation scenarios. The
complete case analysis provided the most conservative re-
sults (a detailed description and results of the sensitivity
analyses are presented in Tables S4A-S6C).

3 | RESULTS

Overall, 2645 survivors (53% male) were included.
Participating survivors had most often been diagnosed
with leukaemia (29%), lymphoma (22%) and CNS tu-
mours (16%) at a median age of 10years (IQR 10.0).
Median age at study was 24years (IQR 10.2), and a me-
dian of 16years (IQR 11.6) had passed since their cancer
diagnosis (Table 1).
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TABLE 1 Characteristics of the study population (N=2645).

Sex
Male
Female
Missing
Age at study, years, median (IQR; range)

15-24
25-34
35-44
45-54
55-64
Missing
Diagnosis
Leukaemia
Lymphoma
CNS tumour
Neuroblastoma
Retinoblastoma
Renal tumour
Hepatic tumour
Malignant bone tumour
Soft tissue sarcoma
Germ cell tumour
Other tumour
Langerhans cell histiocytosis
Missing
Treatment®
Surgery
Chemotherapy
Radiotherapy
Stem cell therapy
Relapse
Yes
No
Missing
No. of organ systems affected by late effects
None
1-2
3-4
5+
Missing

Age at diagnosis, years, median (IQR; range)

0-5
6-10

CHRISTEN ET AL.
TABLE 1 (Continued)
N % N %
11-15 815 30.8
1401 53.0 16-20 414 15.7
1244 47.0 Missing 0 0.0
0 0.0 Time since diagnosis, years, median, (IQR; 15.6 (11.62;
24.0 (10.20; range) 5-42)
15-59) 5-9 655 24.8
1436 54.3 10-14 583 22.0
836 31.6 15-19 584 22.1
295 11.2 20-24 434 16.4
73 2.8 25-29 252 9.5
3 0.1 30-34 106 4.0
2 0.1 35-39 27 1.0
40-44 2 0.1
756 28.6 Missing 2 0.1
577 21.8 Year of diagnosis
417 15.8 1976-1980 189 7.1
87 3.3 1981-1985 315 11.9
45 1.7 1986-1990 428 16.2
121 4.6 1991-1995 535 20.2
15 0.6 1996-2000 431 16.3
139 5.3 2001-2005 316 11.9
166 6.3 2006-2010 217 8.2
151 5.7 2011-2015 214 8.1
81 31 Missing 0 0.0
90 3.4 Abbreviations: CNS, central nervous system; IQR, interquartile range.
0 0.0 *Surgery: n=93 missings; chemotherapy: n=107 missings; radiotherapy:
n =130 missings; stem cell therapy: n=150 missings.
1757 66.4
1988 75.2 Prevalence of any MSHC at the time of study participa-
859 325 tion was 21% (n=>533; Table 2). The most frequent MSHCs
o Sl were scoliosis (n=207, 8%), persistent pain in bones or
joints (n=188, 7%) and limited joint mobility (n=170,
7%). At the time of study, most survivors with any MSHC
2090 790 had one MSHC (n=373, 70%), 19% (n=100) had two, 8%
555 21.0 (n=42) had three, and a minority had four or five MSHCs
0 0.0 (n=18, 3%; Table 2). Of survivors with any MSHC, only
13% (n=67) had no other health condition, whereas 87%
652 24.7 (n=466) also had at least another health condition in an-
1134 42.9 other organ system.
490 18.5 Cumulative incidence of any MSHC was 26% (n=643).
240 01 Cumulative incidence was highest for persistent pain in
129 4o bion.es o.r j.oints (n.f280, 11%), scoliosis (n=230, 9%) and
limited joint mobility (n=225, 9%).
10'(())(12(())‘00; Survivors were on average 16years old (IQR 8) at inci-
) dence of the first MSHC, but age at incidence varied con-
e S siderably (range 0-56years at incidence). Most MSHCs
598 22.6

manifested within the first 10years after diagnosis (any
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TABLE 2 Prevalence and cumulative incidence of musculoskeletal health conditions and musculoskeletal surgeries in adolescent and
adult 5-year survivors of childhood and adolescent cancer (total sample size: N=2645).

Time since
diagnosis at
incidence® in years

Age at
Condition no incidence in
longer prevalent  years

Cumulative
Prevalence incidence
n (%) n (%)
Any musculoskeletal health 533 (21.2) 643 (26.2)
condition
No. of musculoskeletal health conditions®

1 373 (70.0) n.a.

2 100 (18.8) n.a.

3 42(7.9) n.a.

4-5 18 (3.4) n.a.
Osteoporosis 61(2.4) 103 (4.1)
Arm- or leg-length discrepancy 107 (4.3) 121 (4.8)
Limited joint mobility 170 (6.8) 225(8.9)
Persistent pain in bones or joints 188 (7.5) 280 (11.1)
Scoliosis 207 (8.2) 230(9.1)
Changes to chest/ribs 41 (1.6) 50 (2.0)
Any MSK surgery n.a. 380 (15.5)

No. of MSK surgeries®

1 n.a. 262 (68.9)

2 n.a. 90 (23.7)

3 n.a. 22(5.8)

4 n.a. 4(1.1)
Amputation n.a. 42 (1.7)
Rotationplasty n.a. 6(0.2)
Joint replacement or arthrodesis n.a. 24 (1.0)
Limb lengthening/shortening n.a. 13 (0.5)
Scoliosis surgery or spondylodesis n.a. 10 (0.4)
Thorax surgery n.a. 11 (0.5)
Fracture surgery n.a. 99 (4.1)
Any other MSK surgery n.a. 153 (6.3)

Note: Proportions were calculated excluding missing values.

Median (IQR; Median (IQR;

n® (%°) range) range)

154 (24.0) 16 (8; 0-56) 5(11; 0-38)
n.a. n.a. n.a.

n.a. n.a. n.a.

n.a. n.a. n.a.

n.a. n.a. n.a.

42 (40.8) 17(10;2-45)  5(12;0-30)
23 (19.0) 13(10;0-43)  2(7;0-32)
60 (26.7) 15(7; 0-43) 2(7;0-32)
93(33.2) 18 (9; 1-56) 9 (14; 0-38)
49 (21.3) 14 (7; 0-44) 6 (9; 0-29)
13 (26.0) 15(10;6-50)  3(8;0-33)
n.a. n.a. n.a.

n.a. n.a. n.a.

n.a. n.a. n.a.

n.a. n.a. n.a.

n.a. n.a. n.a.

n.a. n.a. n.a.

n.a. n.a. n.a.

n.a. n.a. n.a.

n.a. n.a. n.a.

n.a. n.a. n.a.

n.a. n.a. n.a.

n.a. n.a. n.a.

n.a. n.a. n.a.

Abbreviations: IQR, interquartile range, MSK, musculoskeletal, n.a., not applicable.

“Figure S1 displays years since diagnosis at incidence for the specific musculoskeletal health condition.

PNumber of survivors that indicated cumulative incidence ‘yes’ and prevalence ‘no’.

“Number of survivors that indicated cumulative incidence ‘yes’ and prevalence ‘no’ divided by number of survivors that indicated cumulative incidence ‘yes’.

4In survivors with a musculoskeletal health condition (N= 533 (100%)).

“In survivors with a musculoskeletal surgery (N =380 (100%)).

MSHC: median 5years (IQR 11); Table 2, Figure S1).
One fourth (24%) of survivors who experienced a MSHC
since their cancer diagnosis reported that this MSHC was
currently no longer prevalent (n=154, 24%; Table 2). We
found that 16% of survivors had had a musculoskeletal
surgery: most frequent were surgeries due to a fracture
(n=99, 4%), amputation (n=42, 2%) and joint replace-
ment or arthrodesis (n=24, 1%; Table 2).

MSHCs were most frequent in the survivors of malig-
nant bone tumours (cumulative incidence of any condi-
tion: 64%), neuroblastoma (28%) and soft tissue sarcoma
(28%; Figure 1). The cumulative incidence of the specific
MSHC stratified by additional cancer-related characteris-
tics is presented in Table S2. Compared to survivors of leu-
kaemia, survivors of malignant bone tumours had higher
rates of any MSHC (rate ratio (RR)=6.0, 95%CI: 4.5-7.9;
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140.0
OAny musculoskeletal health condition
B Changes to chest/ribs
OScoliosis

120.0

B Persistent pain in bones or joints
ELimited joint mobility
mArm- or leg-length discrepancy

100.0 M@Osteoporosis

80.0

60.0

40.0

FIGURE 1 The cumulative incidence of specific musculoskeletal health conditions stratified by diagnosis. The cumulative incidence (%)
of musculoskeletal health conditions is presented; numbers can exceed 100% for the specific conditions, because survivors can experience

more than one of the conditions simultaneously.

Table 3). We found that female survivors had higher rates
of any MSHC (RR=1.4, 95%CI: 1.2-1.7) as compared to
male survivors. Having had a relapse was associated with
higher rates of any MSHC (RR=1.5, 95%CI: 1.3-1.9).
Compared to survivors aged 0-5years at diagnosis, we
found that survivors aged 6-10years and 11-15years
at diagnosis had higher rates of any MSHC (6-10years:
RR=1.5, 95%CI: 1.2-1.9; 11-15years: RR=1.8, 95%CI:
1.5-2.3). When stratifying these results by diagnosis, we
found that older age at diagnosis remained associated with
higher rates of any MSHC for most diagnoses (Tables S3
and S4). Surgery (RR=1.2,95%CI: 1.0-1.5), chemotherapy
(RR=1.4,95%CI: 1.1-1.8) and stem cell therapy (RR=1.6,

95%CI: 1.0-2.5) were all independently associated with
higher rates of any MSHC (Table 3).

We found that survivors diagnosed more recently
had higher rates of any MSHC (diagnosed 2011-2015:
RR=4.3, 95%CI: 2.8-6.8) (Table 3; Figure 2). Older age at
study was associated with lower rates of any MSHC (aged
35-44: RR=0.5, 95%CI: 0.4-0.6; Table 3).

4 | DISCUSSION

MSHC are prevalent in the survivors of childhood and ad-
olescent cancers with increasing risk in younger cohorts
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and are commonly accompanied by other health condi-
tions. Scoliosis, persistent pain in bones or joints and lim-
ited joint mobility are the most prevalent MSHC in this
population. Risk for MSHCs is higher in female survivors,
survivors of malignant bone tumours, survivors with a
relapse, survivors who were aged 6-15years at diagnosis,
survivors treated with surgery, chemotherapy or stem cell
therapy, and who were treated more recently.

Prevalence of any MSHC in survivors in our study
(21%) was similar to previous studies. The North
American Childhood Cancer Survivor Study (CCSS)
found that 10.4% of survivors reported prevalence of any
MSHC, but they only assessed four types of MSHCs.'? A
single-centre study from Switzerland found that 13.6% of
CCS attending a follow-up care visit had a MSHC,'® and a
nationwide study from Poland found a prevalence of any
MSHC of 19.2%."” Regarding long-term cumulative inci-
dence of any MSHC, Bhakta and colleagues found that at
the age of 50years, 83.6% of survivors had experienced a
MSHC,** which is higher than what we observed in our
cohort. This difference may be attributed to the younger
average age of our cohort. However, comparison of over-
all MSHCs across studies is difficult because of differing
treatment protocols, MSHC assessed, age distributions
of the cohorts, and the number of specific MSHC that
were assessed-with more MSHC being assessed and with
older age of the cohort, the higher the overall prevalence
of MSHC.

For the specific MSHCs, the prevalence for osteoporo-
sis in our study (2.4%) was similar to the 2.6% reported
in the CCSS."? We found a higher proportion of survivors
reporting prevalent arm- or leg-length discrepancy (4.3%)
than the CCSS (2.2%),"* but these differences may be
caused by the assessment of outcomes: in the CCSS, survi-
vors were asked whether they had ever had a ‘leg length-
ening or shortening, or joint replacement’, which may be
more restrictive than the question in our survey (‘arm- or
leg-length discrepancy’).

We are not aware of other studies that reported the
prevalence of limited mobility of unspecified joints.
However, a systematic review reported impaired ankle
dorsiflexion in patients and survivors of childhood can-
cer.”® Further research is needed to clarify whether mo-
bility limitations of other joints than the ankle joint are
prevalent among CCS.

Various studies have investigated chronic pain in sur-
vivors,”* but few with a specific focus on musculoskele-
tal pain: our study found that persistent pain in bones or
joints was reported by 8% of survivors, which is lower than
results from a study in Canada, which found that half of
survivors who reported chronic pain (26.1%) located their
pain in muscles or joints.*!
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Our finding that 8% of survivors report scoliosis sup-
ports the lower range of results from a systematic review
(scoliosis: 10%-80%, kyphosis: 2%-48%).> Prevalence of
chest wall abnormalities (2%) was similar to that found in
a recent systematic review (1.3%-2.2%).** The prevalence
of amputation or joint replacement in the CCSS was be-
tween 2.0%-2.7%,'! which is similar to our results (ampu-
tation: 2%, joint replacement: 1%).

Our study found an increased risk of osteoporosis and
pain in bones and joints for female survivors. This relates
to results from the general population that show mus-
culoskeletal pain and osteoporosis being more prevalent
in women.>** The IGHG guidelines for bone mineral
density (BMD) surveillance found that osteoporosis risk
is increased in male survivors.'> A cohort study of CCS
from the Nordic countries (ALiCCS) found increased
risk for osteoporosis in both male and female survivors,
with a higher rate ratio in male survivors.'® One reason
for the differences in findings could be that the ALiCCS
study compared male survivors to male peers from the
general population, and female survivors to female peers,
whereas we directly compared male survivors to female
survivors. The fact that osteoporosis is very rare in young
men could then lead to higher rate ratios in men as com-
pared to women. However, it is also possible that self-
report bias may play a role in our study, given the general
health knowledge of osteoporosis occurring more often
in women than men leading to more awareness for os-
teoporosis in women compared to men. This may have
influenced self-report of both male and female survivors.

After stratifying for diagnosis, we found that age at
diagnosis remained a significant predictor of MSHC,
with higher incidence rates in survivors aged 6-15years
at diagnosis as compared to those diagnosed at 0-5 years.
More specifically, age at diagnosis seems to be a relevant
factor in the development of subsequent osteoporosis,
limited joint mobility and persistent pain in bones or
joints in CCS. Regarding increased risk for joint mo-
bility deficits and pain in bones or joints, studies show
that osteonecrosis risk is increased in children older at
childhood cancer treatment (>10years),’ and is highest
in leukaemia survivors.'” The leading symptom of os-
teonecrosis is pain in the affected joint, which may con-
tribute to the increased risk for limited joint mobility
and pain in bones and joints that we found in leukae-
mia survivors aged >10years at diagnosis. However, as
osteonecrosis is rare (prevalence of 2.5% in leukaemia
survivors),*® this can explain only a small fraction of the
symptoms in our cohort. Other reasons for the impact of
age at diagnosis on development of MSHC could be that
the musculoskeletal system may be more vulnerable
during the pubertal growth spurt, or that the bodies of
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TABLE 3

survivors of childhood and adolescent cancer (unadjusted; total sample size: N=2645).

Overall
Sex
Males
Females
Diagnosis
Leukaemia
Lymphoma
CNS tumour
Neuroblastoma
Retinoblastoma
Renal tumour
Hepatic tumour
Malignant bone tumour
Soft tissue sarcoma
Germ cell tumour
Other tumour
Langerhans cell histiocytosis
Relapse
No
Yes
Age at diagnosis (years at dx)
0-5
6-10
11-15
16-20
Surgery
No
Yes
Chemotherapy
No
Yes
Radiotherapy
No
Yes
SCT
No
Yes
Year of diagnosis
1976-1980
1981-1985
1986-1990
1991-1995
1996-2000
2001-2005
2006-2010

2011-2015

Incidence rates (per 1000 person-years) and rate ratios of musculoskeletal health conditions in adolescent and adult 5-year

Any musculoskeletal health condition Osteoporosis Arm- or leg-length discrepancy
Incidence Rate ratios Incidence Rate ratios Incidence  Rate ratios
rate (95% CI) p-value rate (95% CI) p-value rate (95% CI) p-value
15.6 (14.3-17.0) na. 2.1(1.7-2.6) na. 2.2(1.8-2.8) n.a.
13.2 Ref. 1.5 Ref. 1.9 Ref.
18.4 1.4 (1.2-1.7) <0.001 2.8 1.9 (1.2-3.1) 0.003 2.6 1.3(0.9-2.1) 0.164
14.2 Ref. 2.8 Ref. 0.8 Ref.
12.4 0.9 (0.7-1.1) 0.299 1.5 0.6 (0.3-1.1) 0.066 0.8 1.1(0.3-3.3) 0.839
15.3 1.1(0.8-1.4) 0.616 2.6 0.9 (0.5-1.8) 0.860 1.8 2.3(0.8-6.4) 0.073
14.4 1.0 (0.6-1.6) 0.939 1.2 0.4 (0.1-1.7) 0.250 2.6 3.4(0.8-12.2) 0.066

9.2 0.6 (0.3-1.4) 0.260 0.0 0.0 (0.0-1.7) 0.102 24 3.2(0.3-15.3) 0.191
14.3 1.0 (0.6-1.6) 0.970 0.9 0.3 (0.0-1.3) 0.107 2.5 3.4 (0.9-11.2) 0.047

8.9 0.6 (0.1-2.3) 0.561 0.0 0.0 (0.0-5.4) 0.487 0.0 0.0 (0.0-23.1) 0.822
84.8 6.0 (4.5-7.9)  <0.001 2.5 0.9 (0.3-2.4) 0.900 27.4 36.2 (17.3-84.8)  <0.001
17.2 1.2(0.8-1.8) 0.302 0.4 0.1(0.0-0.8)  0.010 3.2 4.2 (1.4-12.3) 0.006

9.8 0.7 (0.4-1.1) 0.111 3.1 1.1 (0.4-2.6) 0.762 0.4 0.6 (0.0-4.1) 0.672
11.4 0.8 (0.4-1.5) 0.518 2.9 1.0 (0.2-3.3) 0.882 0.9 1.2 (0.0-8.8) 0.781
12.9 0.9 (0.5-1.6) 0.753 2.3 0.8 (0.2-2.6) 0.794 0.8 1.0 (0.0-7.3) 0.909
14.1 Ref. 1.8 Ref. 2’ Ref.

21.7 1.5 (1.3-1.9) <0.001 3.2 1.8 (1.1-2.9) 0.020 2.5 1.1 (0.7-1.9) 0.589
11.7 Ref. 1.0 Ref. 1.5 Ref.

17.3 1.5 (1.2-1.9) 0.001 1.9 1.9 (0.9-4.0) 0.080 3.7 2.4 (1.4-4.3) 0.002
21.5 1.8 (1.5-2.3) <0.001 3.5 3.4 (1.8-6.8) <0.001 2.4 1.6 (0.8-2.9) 0.134
13.4 1.1(0.9-1.5) 0.340 2.7 2.7 (1.3-5.7) 0.006 1.6 1.0 (0.4-2.3) 0.932
13.7 Ref. 2.8 Ref. 0.6 Ref.

17.0 1.2 (1.0-1.5) 0.022 1.9 0.7 (0.4-1.1) 0.084 31 4.9 (2.3-11.6) <0.001
12.2 Ref. 1.1 Ref. 1.4 Ref.

17.0 1.4 (1.1-1.8) 0.004 2.5 2.1 (1.1-4.9) 0.020 2.5 1.8 (0.9-3.8) 0.058
16.2 Ref. 2.3 Ref. 25 Ref.

15.3 0.9 (0.8-1.1) 0.559 2.1 0.9 (0.6-1.5) 0.763 2l 0.9 (0.5-1.5) 0.670
15.7 Ref. 2.1 Ref. 2.3 Ref.

25.8 1.6 (1.0-2.5) 0.026 4.4 2.1(0.7-5.0) 0.146 2.6 1.1(0.2-3.5) 0.758

8.9 Ref. 1.1 Ref. 1.2 Ref.

9.3 1.1 (0.7-1.6) 0.803 1.1 1.0 (0.3-3.5) 0.978 1.3 1.1(0.4-3.9) 0.831
13.4 1.5 (1.0-2.3) 0.028 1.9 1.7 (0.6-5.2) 0.305 3.3 2.9 (1.2-8.5) 0.012
12.9 1.5(1.0-2.2) 0.050 1.7 1.5 (0.6-4.9) 0.393 1.4 1.2 (0.4-3.9) 0.763
21.3 2.4(1.6-3.6)  <0.001 2.8 2.5(0.9-7.8) 0.061 3.6 3.1 (1.2-9.5) 0.012
23.0 2.6 (1.7-4.0)  <0.001 3.6 3.2 (1.0-10.7)  0.025 2.5 2.2(0.6-7.8) 0.176
32.7 3.7(2.4-5.8)  <0.001 44 3.9 (1.2-13.7)  0.014 3.3 2.9 (0.8-10.7) 0.080
38.5 43(2.8-6.8) <0.001 52 4.6 (1.5-15.8)  0.004 2.9 2.5(0.6-9.7) 0.154
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Limited joint mobility Persistent pain in bones or joints Scoliosis Changes to chest/ribs
Incidence  Rate ratios Incidence  Rate ratios Incidence Rate ratios Incidence  Rate ratios
rate (95% CI) p-value rate (95% CI) p-value rate (95% CI) p-value rate (95% CI) p-value
4.9 (4.2-5.6) n.a. 5.9 (5.2-6.8) na. 4.2(3.6-4.9) na. 0.9 (0.6-1.2) n.a.
4.4 Ref. 4.9 Ref. 39 Ref. 0.9 Ref.
5.4 1.2(0.9-1.6) 0.179 7.1 1.4 (1.1-1.9) 0.006 4.5 1.2 (0.8-1.6) 0.366 0.8 0.9 (0.4-1.8) 0.704
44 Ref. 6.8 Ref. 24 Ref. 0.3 Ref.
23 0.5(0.3-0.9)  0.012 5.0 0.7(0.5-1.1)  0.110 2.5 1.0(0.6-1.9)  0.873 1.5 4.4 (1.3-18.9)  0.006
5.0 1.1(0.7-1.8)  0.605 44 0.6 (0.4-1.0)  0.048 6.1 2.5(1.5-4.3) <0.001 1.2 3.6 (0.9-16.9)  0.042
3.2 0.7(0.2-1.8)  0.510 4.6 0.7(0.3-1.4)  0.307 9.9 4.1(2.0-8.0) <0.001 0.0 0.0 (0.0-11.3)  0.605
3.7 0.8(0.2-2.6)  0.844 5.0 0.7(0.2-2.0)  0.592 3.7 1.5(0.3-5.0)  0.471 0.0 0.0 (0.0-21.8)  0.764
24 0.6 (0.2-1.4)  0.199 2.9 0.4 (0.2-1.0)  0.028 7.0 2.9 (1.4-5.7)  0.004 0.5 1.5(0.0-14.8)  0.704
3.9 0.9(0.0-51)  0.998 3.9 0.6 (0.0-3.3)  0.657 0.0 0.0 (0.0-7.0)  0.572 0.0 0.0 (0.0-70.7)  0.919
43.1 9.8 (6.6-14.6)  <0.001 21.3 3.1(2.0-4.7) <0.001 11.9 4.9 (2.6-9.0) <0.001 2.6 7.8 (1.7-39.5)  0.004
6.2 1.4(0.7-2.5) 0251 3.9 0.6(0.3-1.1)  0.085 49 2.0(0.9-4.1)  0.053 1.5 4.6 (0.9-24.8)  0.044
0.9 0.2 (0.0-0.8)  0.006 4.0 0.6(0.3-1.2)  0.116 1.8 0.7(0.2-2.1)  0.617 0.4 1.3(0.0-13.3)  0.765
0.9 0.2(0.0-1.2)  0.069 3.9 0.6(0.2-1.5)  0.270 2.0 0.8(0.1-3.3)  0.875 0.9 2.8(0.1-28.1)  0.407
3.0 0.7 (0.2-1.9) 0.498 8.7 1.3(0.6-2.4) 0.442 7.0 2.9(1.2-6.3) 0.012 0.7 2.3(0.0-22.9) 0.488
4.2 Ref. 5.6 Ref. 3.7 Ref. 0.8 Ref.
7.5 1.8 (1.3-2.4)  0.001 7.5 1.4(1.0-1.8)  0.051 6.0 1.6 (1.1-2.3)  0.008 1.2 1.5 (0.6-3.2) 0.280
3.0 Ref. 4.1 Ref. 4.8 Ref. 0.7 Ref.
5.6 1.8 (1.2-2.8) 0.004 5.4 1.3(0.9-1.9) 0.175 4.7 1.0 (0.6-1.5) 0.890 0.3 0.4 (0.1-1.7) 0.217
8.4 2.8 (1.9-4.1) <0.001 8.8 2.1(1.5-3.0) <0.001 4.7 1.0 (0.6-1.4) 0.871 1.2 1.6 (0.6-4.0) 0.266
2.8 0.9 (0.5-1.6) 0.792 6.6 1.6 (1.0-2.4) 0.024 1.2 0.2 (0.1-0.5) <0.001 1.6 2.1(0.8-5.5) 0.092
3.8 Ref. 6.5 Ref. 2.6 Ref. 0.4 Ref.
5.7 1.5(1.1-2.1) 0.013 5.8 0.9 (0.7-1.2) 0.397 5.1 2.0 (1.3-3.1) <0.001 1.0 2.7 (1.0-8.9) 0.030
3.5 Ref. 4.2 Ref. 5.4 Ref. 0.6 Ref.
5.5 1.6 (1.0-2.5) 0.021 6.5 1.6 (1.1-2.4) 0.014 4.0 0.7 (0.5-1.1) 0.110 0.9 1.5 (0.6-4.9) 0.438
5.3 Ref. 6.4 Ref. 3.9 Ref. 0.7 Ref.
4.4 0.8 (0.6-1.2) 0.273 53 0.8 (0.6-1.1) 0.179 5.1 1.3(0.9-1.8) 0.109 1.1 1.6 (0.8-3.5) 0.169
4.9 Ref. 5.9 Ref. 4.3 Ref. 0.8 Ref.
9.0 1.8 (0.9-3.5) 0.080 8.1 1.4 (0.6-2.7) 0.352 6.6 1.5(0.6-3.2) 0.280 3.5 4.6 (1.2-13.0) 0.018
2.0 Ref. 3.2 Ref. 3.6 Ref. 0.8 Ref.
2.5 1.3(0.5-3.1) 0.587 3.8 1.2 (0.6-2.3) 0.598 3.1 0.9 (0.4-1.7) 0.645 0.3 0.4 (0.0-2.6) 0.267
41 2.1(1.0-4.7)  0.038 48 1.5(0.8-2.8)  0.170 48 1.3(0.7-2.5)  0.335 0.6 0.8 (0.2-4.0) 0.743
3.4 1.7 (0.8-4.0)  0.139 48 1.5(0.8-2.8)  0.179 3.8 1.1(0.6-2.1)  0.839 0.6 0.8 (0.2-4.1) 0.748
7.4 3.7 (1.8-8.5)  <0.001 8.3 2.6 (1.4-4.8)  0.001 4.6 1.3(0.7-2.6)  0.447 1.4 1.8 (0.5-8.4) 0.360
9.3 4.7 (2.2-11.1)  <0.001 7.0 2.1 (1.1-4.4)  0.024 3.8 1.1(0.4-2.4)  0.886 2.5 3.3(0.8-154)  0.059
10.4 5.3 (2.3-12.8)  <0.001 16.1 4.9 (2.6-9.7) <0.001 5.2 1.4(0.6-3.4)  0.375 0.5 0.7 (0.0-7.3) 0.844
14.9 7.6 (3.5-17.8)  <0.001 14.9 4.6 (2.4-9.1) <0.001 7.7 2.2(1.0-4.7)  0.044 2.9 3.8(0.8-19.3)  0.056
(Continues)
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TABLE 3 (Continued)

Any musculoskeletal health condition Osteoporosis Arm- or leg-length discrepancy
Incidence Rate ratios Incidence  Rate ratios Incidence  Rate ratios
rate (95% CI) p-value rate (95% CI) p-value rate (95% CI) p-value
Age at study (years)
15-24 21.7 Ref. 2.8 Ref. 3.0 Ref.
25-34 11.4 0.5(0.4-0.6)  <0.001 1.2 0.4 (0.2-0.7) 0.001 1.7 0.6 (0.3-1.0) 0.023
35-44 10.4 0.5(0.4-0.6)  <0.001 1.8 0.7 (0.3-1.2) 0.172 1.8 0.6 (0.3-1.1) 0.090
45-54 12.5 0.6 (0.3-0.9) 0.011 3.6 1.3(0.5-2.7) 0.503 1.8 0.6 (0.2-1.6) 0.331
55-64 13.8 0.6 (0.0-3.6) 0.742 0.0 0.0(0.0-12.2)  0.731 0.0 0.0 (0.0-11.5) 0.717
Note: Bold font indicates statistically significant difference as compared to the reference group at p <0.05.
Abbreviations: CI, confidence interval; CNS, central nervous system; Ref., reference category; SCT, stem cell therapy.
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Limited joint mobility Persistent pain in bones or joints Scoliosis Changes to chest/ribs

Incidence  Rate ratios Incidence  Rate ratios Incidence Rate ratios Incidence  Rate ratios

rate (95% CI) p-value rate (95% CI) p-value rate (95% CI) p-value rate (95% CI) p-value
7.9 Ref. 7.8 Ref. 5.9 Ref. 1.1 Ref.
3.3 0.4 (0.3-0.6)  <0.001 45 0.6 (0.4-0.8)  <0.001 3.1 0.5 (0.4-0.8)  0.001 0.7 0.6 (0.3-1.4) 0.247
2.1 0.3(0.1-0.5)  <0.001 5.0 0.6 (0.4-0.9)  0.020 24 0.4(0.2-0.7) <0.001 0.9 0.8 (0.3-2.1) 0.629
24 0.3(0.1-0.7)  0.002 39 0.5(0.2-1.0)  0.036 3.6 0.6(0.2-1.3)  0.191 0.9 0.8 (0.1-3.4) 0.837
0.0 0.0 (0.0-4.3) 0.416 9.0 1.1 (0.0-6.5) 0.802 0.0 0.0 (0.0-8.8) 0.653 0.0 0.0 (0.0-33.7) 0.886

FIGURE 2 The incidence rates (per 1000 person-years) of specific musculoskeletal health conditions stratified by year of diagnosis.
Filled markers indicate statistically significantly increased rates as compared to the diagnostic period 1976-1980 at p <0.05; empty markers
indicate no statistically significant difference as compared to the diagnostic period 1976-1980.
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