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Abstract
The dynamic growth of the skeleton during childhood and adolescence renders it vulnerable to adverse effects of cancer treatment. The lifetime risk and patterns of skeletal morbidity have not been described in a population-based cohort of childhood
cancer survivors. A cohort of 26 334 1-year cancer survivors diagnosed before
20 years of age was identified from the national cancer registries of Denmark,

Abbreviations: AER, absolute excess risks; ALiCCS, Adult Life after Childhood Cancer in Scandinavia; ALL, acute lymphoblastic leukemia; BMD, bone mineral density; CCSS, Childhood Cancer
Survivor Study; CI, confidence interval; CNS, central nervous system; HR, hazard ratio; HSCT, hematopoietic stem cell transplantation; ICCC, International Classification of Childhood Cancer;
ICD, International Classification of Diseases; NOPHO, Nordic Society of Paediatric Haematology and Oncology; NPR, National patient registry; PWP, Prentice-Williams-Peterson; RR, rate ratio.
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Finland, Iceland and Sweden as well as a cohort of 127 531 age- and sex-matched
comparison subjects randomly selected from the national population registries in
each country. The two cohorts were linked with data from the national hospital registries and the observed numbers of first-time hospital admissions for adverse skeletal
outcomes among childhood cancer survivors were compared to the expected numbers derived from the comparison cohort. In total, 1987 childhood cancer survivors
had at least one hospital admission with a skeletal adverse event as discharge diagnosis, yielding a rate ratio (RR) of 1.35 (95% confidence interval, 1.29-1.42). Among the
survivors, we observed an increased risk for osteonecrosis with a RR of 25.9
(15.0-44.5), osteoporosis, RR 4.53 (3.28-6.27), fractures, RR 1.27 (1.20-1.34),
osteochondropathies, RR 1.57 (1.28-1.92) and osteoarthrosis, RR 1.48 (1.28-1.72).
The hospitalization risk for any skeletal adverse event was higher among survivors up
to the age of 60 years, but the lifetime pattern was different for each type of skeletal
adverse event. Understanding the different lifetime patterns and identification of
high-risk groups is crucial for developing strategies to optimize skeletal health in
childhood cancer survivors.
KEYWORDS

ALiCCS, childhood cancer, late effects, skeletal adverse events, survivorship

What's new?
The dynamic growth of the skeleton during childhood renders it vulnerable to adverse effects of
cancer treatment. In this comprehensive, large-scale population-based retrospective cohort
study, childhood cancer survivors were more likely to be hospitalised for skeletal adverse events
than matched population comparison subjects. Although the risk of adverse events was highest
in the period close to the cancer treatment, the excess risk continued for decades.
Osteonecrosis, osteoporosis, fractures, osteochondropathies, and osteoarthrosis all showed different lifetime patterns. Understanding the lifetime patterns of skeletal adverse events and identifying high-risk groups could help develop strategies to optimise skeletal health in childhood
cancer survivors.

1

|

B A CKG R O U N D

defined as one of the 14 most serious acute toxicities of childhood
acute

lymphoblastic

leukemia

(ALL)

treatment.7

However,

The improved childhood cancer survival rates over recent decades

osteonecrosis has also been reported in other types of childhood can-

have resulted in a growing number of survivors reaching adulthood.1,2

cer, mainly in survivors of lymphomas and as a complication after allo-

Simultaneously, the knowledge on treatment-related long-term

geneic hematopoietic stem cell transplantation (HSCT) but less is

adverse health conditions is constantly increasing. It is estimated that

known regarding the frequency of osteonecrosis among patients with

more than two-thirds of childhood cancer survivors suffer from at

solid tumors and tumors of the central nervous system (CNS).8-10

least one chronic health condition.

3,4

Thus, health-related problems in

The majority of people attain their peak bone mass by late adoles-

childhood cancer survivors are a growing concern from a public health

cence.11 Any disturbance in the bone mineralization may have long-

perspective.5 In order to decrease long-term morbidity, it is important

term effects on the density and the quality of the bone. Previous stud-

to identify patients at risk for specific toxicities and find ways to mod-

ies have shown an increased risk of low bone mineral density (BMD)

ify the treatment without jeopardizing the positive trends in overall

during and early after cessation of childhood cancer treatment but

survival.

results are more conflicting on the long-term effect and the risk of

Skeletal morbidity has been described at diagnosis, during treatment and in long-time survivors of childhood cancer.6 Besides discom-

fractures.12,13 Data on the risk of osteochondropathies and osteoarthritis in childhood cancer survivors, however, are sparse.

fort, skeletal morbidity may cause permanent disability and reduced

In the Nordic countries (Denmark, Finland, Iceland, Norway and

quality of life and may require major surgical interventions. The most

Sweden), there is a long-standing tradition of operating national popu-

severe treatment-associated skeletal morbidity is osteonecrosis

lation and health registries. The population-based coverage of a
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variety of registries with high data quality and validity, and the long

edition of the International Classification of Childhood Cancer

follow-up time provide an ideal setting for studying rare health out-

(ICCC-3).17 The unique personal identification number available for

14,15

comes in rare diseases like childhood cancer.

every citizen in the Nordic countries allowed accurate linkage of data

Our study is the first comprehensive, yet detailed, large-scale

across registries.

population-based study of the lifetime risk for medically verified skel-

To measure rates of skeletal morbidity in the general population,

etal morbidity in a cohort of childhood cancer survivors and a ran-

we randomly selected five comparison subjects for each childhood

domly selected and matched population comparison group estimating

cancer patient from the national population registries that did not

the incidence and risk of hospitalization for osteonecrosis, osteoporo-

have a childhood cancer diagnosis before the age of 20 years and

sis, fractures, osteochondropathies and osteoarthrosis. Furthermore,

were alive at the time of cancer diagnosis of the corresponding

we aim to identify high-risk groups of survivors as this is essential for

patient. Subjects in the comparison cohort were matched by age, sex

the development of treatment modifications and appropriate follow-

and country (Denmark, Iceland) or county/municipality of residence

up recommendations to decrease the burden of skeletal morbidity in

(Finland, Sweden). Fewer than five comparison subjects were available

childhood cancer survivors.

for a minority of childhood cancer survivors (n = 168), where the
matching criteria could not be met, leaving 167 712 comparison subjects for study.

2

MATERIAL AND METHODS

|

Before linkage of study subjects to the national patient registries
(NPRs), we excluded individuals in both cohorts with constitutional

2.1

|

Survivor and comparison cohorts

chromosomal abnormalities (International Classification of Diseases—
ICD codes: ICD-8: 759.3-759.5, ICD-9: 758 and ICD-10: Q90-Q99) as

This retrospectively defined register-based cohort study originates

the main or supplemental discharge diagnosis in the hospital registries

from the study “Adult Life after Childhood Cancer in Scandinavia”

to avoid potential confounding by genetic predisposition. The final

(ALiCCS; www.aliccs.org); a research program initiated in 2010 in the

study cohort included 26 334 1-year survivors and 127 531 compari-

Nordic countries (Denmark, Finland, Iceland, Norway and Sweden)

son subjects (Figure 1).

with the overall purpose to investigate late complications of treatment
in childhood cancer survivors.16
The childhood cancer cohort in the present study is a subcohort

2.2

|

Hospitalizations for skeletal adverse events

of ALiCCS, comprising 33 576 patients diagnosed with cancer before
20 years of age in Denmark (1943-2008), Finland (1971-2008), Ice-

Based on information in the NPRs, we obtained information on hospi-

land (1955-2008) and Sweden (1958-2008) as reported by the

talizations for skeletal diseases as markers for adverse events in the

national cancer registries (Table 1). As full access to complete hospital-

skeletal system and identified patients with the following skeletal dis-

ization histories needed for our study was not available for Norway,

eases according to successive revisions of the ICD coding systems

our study only includes data from four Nordic countries. From the

(ICD-7

nationwide Nordic cancer registries, we obtained the patient's per-

osteochondropathies and osteoarthritis (Table S1). The coding of skel-

sonal identification number, date of diagnosis and type of cancer, and

etal diseases was adapted to ICD-10 as far as possible. The group

patients were assigned to 1 of 12 main diagnostic groups in the third

“osteochondropathies” was made up of several subdiagnoses that all

T A B L E 1 Final study population of
childhood cancer survivors and
population comparison subjects and
recruitment period in Nordic cancer and
hospital registries

Country

a

Childhood
cancer
survivors (n)

to

ICD-10):

Population
comparison
subjects (n)

osteonecrosis,

osteoporosis,

fractures,

Cancer registriesa

Hospital registries

Recruitment
period

Recruitment
period

Denmark

7265

34.391

1943-2008

1977-2010

Finland

6369

31.020

1971-2008

1975-2012

Iceland

402

1.983

1955-2008

1999-2008

Sweden

12.298

60.137

1958-2008

1964b-2009

Total

26.334

127.531

1943-2008

1964-2012

Over time, cancers have been notified according to the International Classification of Diseases, 7th-10th
revisions (ICD-7-10), or the ICD for Oncology, 1st-3rd editions (ICD-O1-O3).
b
Established in 1964, reaching complete nationwide coverage in 1987. To be included in the cohort,
patients had to be alive or born after the start of complete centralized registration of residents, when all
citizens were assigned a unique personal identification number that permits linkage among registers (Iceland
1955; Denmark and Sweden 1968; Finland 1971). Information on vital status and emigration during the
follow-up period was obtained for both patients and comparison subjects from the central population
registries, which started in 1952 in Iceland, 1967 in Sweden, 1968 in Denmark and 1969 in Finland.

1866

OSKARSSON ET AL.

National Cancer Registries
Central Population Registries

F I G U R E 1 Flow chart with
study inclusions and exclusions

Cohort recruitment
patients; n = 33 576
comparison subjects; n = 167 712

New cancer <20 years
patients; n = 322
Death before start of
national patient registries
patients; n = 2430
comparison subjects; n = 780

Death or emigration <1 year since
cancer diagnosis/study accrual
patients; n = 3543
comparison subjects; n = 1093

National Patient Registries

Included in the follow-up
1-year survivors; n = 27 281
comparison subjects; n = 165 839

Hospitalizations for a skeletal
disease before cancer
diagnosis/study accrual
1-year survivors; n = 661
comparison subjects; n = 3203

Constitutional chromosomal
abnormalities
1-year survivors; n = 286
comparison subjects; n = 264

Comparison subjects
without a case; n = 34 841

Included in the study
1-year survivors; n = 26 334
comparison subjects; n = 127 531

identify cartilage disorders (Table S1). We did not include bone or

hospitalized for skeletal adverse events and contained sufficient num-

joint diseases with infectious (osteomyelitis, septic arthritis) or rheu-

bers of cases to enable subanalyses.

matic (inflammatory arthritis) etiologies. The first record of hospitalization for each diagnosis was used, regardless of whether it was the
main or a supplemental diagnosis. In the event that patients or com-

2.3

|

Statistical analysis

parison subjects were hospitalized for multiple skeletal diseases either
simultaneously or separately, the first hospitalization for each skeletal

The follow-up period started 1 year after the date of cancer diagnosis

disease was accounted for as an event when investigating skeletal dis-

or when national inpatient registration started, whichever occurred

eases separately.

later. For the main analyses, the follow-up ended at the time of first

In Denmark (from 1995) and Sweden (from 2001), the NPRs hold

hospitalization for a skeletal disease, the time of diagnosis of a new

information about the diagnostic codes used also in hospital-based

primary cancer, at the time of death or emigration or at the end of the

outpatient clinics. We decided primarily to use diagnostic codes from

study (Finland: December 31, 2012; Denmark: October 31, 2010;

inpatient discharge records to avoid discrepancies between the partic-

Sweden: December 31, 2009; Iceland: December 31, 2008), which-

ipating countries and time periods but conducted a separate sensitiv-

ever occurred first.

ity analysis including outpatient data only.

We used hospitalization rates per 100 000 person-years as the

To take into account potential effect modification by other

main measure of frequency and standardized hospitalization rate

adverse events, we looked at endocrine disorders (adapted ICD-10

ratios (RRs) were used as the main relative risk estimate. This relative

codes: E01-E35, E89) and neurological disorders (adapted ICD-10-

risk estimate represents the relative risk for skeletal adverse events

codes: H53.0-H54.9, G40.0-G41.9, G50-G59.8, G80.0-G83.9) specif-

among childhood cancer survivors by comparing the observed number

ically, since both groups could theoretically modify the risk of being

of first hospitalizations to the expected number of hospitalizations in
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the comparison cohort with similar age, sex and calendar period distri-

of 135 (110-159) per 100 000 person-years for any skeletal adverse

bution. To estimate the absolute additional risk of hospitalization for a

event in the survivor cohort (Table 2). Descriptions of the cohort char-

skeletal disease, we calculated the absolute excess risks (AER) as the

acteristics and RR by clinical characteristics are available in Table S2.

difference between the observed and expected first hospitalization

The RR was highest for the first 5 years from diagnosis; RR 1.6

rates for the respective skeletal diseases per 100 000 person-years.

(1.5-1.8), then dropped to 1.3 (1.2-1.4), 1.2 (1.1-1.3) and 1.4 (1.2-1.5)

The 95% confidence intervals (CIs) were computed from Fieller's the-

5-9, 10-19 and ≥20 years from diagnosis, respectively (not shown).

orem based on the assumption that the observed numbers of hospital

The RR was significantly increased for all five groups of skeletal

admissions follow a Poisson distribution.18 RRs with 95% CIs not

adverse events (Table 2) but osteonecrosis generated the highest RR,

including 1.0 were considered statistically significantly increased and

25.9 (15.0-44.5). Hospitalizations for skeletal adverse events were sig-

are referred to as “significantly increased” in the text. Risk estimates

nificantly increased among childhood cancer survivors with the fol-

were calculated for each type of skeletal adverse event and then

lowing cancer diagnoses: leukemia RR 1.6 (1.4-1.7), lymphoma 1.2

stratified by age at cancer diagnosis, sex, cancer type and attained

(1.0-1.3), CNS tumors 1.5 (1.4-1.7), sympathetic nervous system

age. To illustrate how hospitalizations among survivors advanced over

tumors 1.7 (1.4-2.1) and malignant bone tumors 2.6 (2.2-3.1)

time, we calculated the cumulative excess hazards for each type of

(Table 3).
Hospitalizations for skeletal adverse events occurred between 1.6

skeletal adverse event.
We used Prentice-Williams-Peterson (PWP) models to estimate

and 83.6 years of age in the survivor cohort and between 1.7 and

the hazard ratio of recurrent fractures (only first recurrence counted)

84.5 years in the comparison cohort. Figure 2 (hospitalization rates)

and applied the same adjustment methods as in the above-mentioned

and Figure S1 (cumulative excess hazards) illustrate the patterns of

models. The PWP models were performed on a restricted risk set that

hospitalizations, overall and for each skeletal adverse event over time.

only included subjects with previous hospitalizations for fractures. We

Since fractures accounted for 1637 (82%) of all hospitalizations

calculated the cause-specific hazard ratios for all types of skeletal

among the survivors, the hospitalization pattern for all events com-

events combined with and without hospitalizations for endocrine and

bined was mostly influenced by the pattern for fractures. For all skele-

neurological disorders.

tal adverse events combined, the hospitalization rates, RR and AER

To validate our study design, we calculated the RR for each type

were significantly higher among survivors up to the age of 60 years

of skeletal adverse event by including different subsets of study par-

(Table 4) but the lifetime hospitalization patterns differed between

ticipants in sensitivity analyses: (a) the impact of bone tumors on the

the types of events, as shown in Figure 2. Of all first hospitalizations

overall risk estimates, by exclusion of patients with malignant bone

for skeletal adverse events in the survivor cohort, 856 (43%) occurred

tumors (ICD-10, C40-41, C76.0-76.8); (b) outcome differences

before 20 years of age but only 166 (8%) among survivors 50 years

between 1- and 5-year survivors to study the impact of late treatment

and older. Thus, risk estimates for the oldest survivors were based on

failures due to the cancer, by only including 5-year survivors and their

a very limited number of individuals.

comparison subjects; (c) the influence of left truncation, since the

Overall, hospitalizations for skeletal adverse events were more

study did not capture events that occurred prior to the start of NPR in

common among males than females. In the survivor cohort, 8.6% of

each country, by only including survivors diagnosed maximum 1 year

males were hospitalized for skeletal adverse events compared to 6.3%

prior to the start of the NPR and their comparison subjects; (d) the

of the females. In both cohorts, there was a marked increase in the

effect of coding discrepancies over time, by only including hospitaliza-

hospitalizations after 60 years of age, especially among females

tions

systems;

(Figure S2). As expected, the incidence rates for osteoporosis and

(e) discrepancies in the outcome registration between the inpatient

osteoarthrosis increased in both cohorts after 60 years of age. The

and outpatient hospital registries in Denmark and Sweden by includ-

increased risk for skeletal adverse events was more pronounced for

ing only outpatient visits.

female survivors, RR 1.6 (1.5-1.8) compared to 1.2 (1.1-1.3) for male

coded

by

the

ICD-9

and

ICD-10

coding

All statistical calculations and models were performed with SAS
software version 9.4 and R version 3.5.1, with the following packages:

survivors. This was true for all skeletal adverse events except osteoporosis (Table 2).

Epi,19 etm,20 ggplot2,21 mets,22,23 survival.24,25

3.1
3

|

|

Osteonecrosis

RESULTS
Among all skeletal outcomes, the RR was highest for osteonecrosis,

Among the 26 334 1-year childhood cancer survivors, 1987 were

RR 25.9 (15.0-44.5) (Table 2), especially among survivors of leuke-

diagnosed with at least one skeletal adverse event, compared to 8986

mia 133.7 (70.9-252.4) (Table 3). Among the 69 survivors hospital-

subjects with events among the 127 531 population comparison

ized for osteonecrosis, 55 were diagnosed with cancer in 1990 or

subjects. The follow-up time for the survivor cohort was 383 551

later and 11 between 1975 and 1989 (not shown). The RR was sig-

person-years (median 13.6 years, range 0-42 years) and 3 091 712

nificantly increased for survivors up to the age of 40 years but due

person-years (median 18.4 years, range 0-42 years) for the compari-

to low numbers, RRs could not be estimated in the older population

son cohort. This yielded a RR of 1.35 (95% CI, 1.29-1.42) and an AER

(Table 4). The relative risk estimates for osteonecrosis were

1868
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Observed and expected hospitalizations, RR and AER for skeletal adverse events among 1-year childhood cancer survivors, by age

Obsb

Expb

1987

1471.3

1.35 (1.29-1.42)

135 (110-159)

1211

996.1

1.22 (1.14-1.29)

109 (72-146)

Female

776

475.2

1.63 (1.51-1.77)

162 (131-193)

Age 0-9 y

963

712.1

1.35 (1.27-1.45)

134 (101-168)

1024

759.2

1.35 (1.26-1.44)

135 (102-168)

69

2.7

25.85 (15.02-44.49)

16 (12-20)

Male

37

1.7

21.79 (10.97-43.31)

17 (11-22)

Female

32

1.0

32.95 (13.53-80.26)

16 (10-22)

Skeletal disorder

ICD-10a codes

All skeletal events
Male

Age 10-19 y
Osteonecrosis

M87, M90.5

Age 0-9 y
Age 10-19 y
Osteoporosis

M80-81, M82.1, M82.8

Male

RR (95% CI)

AER (95% CI)

6

1.0

6.23 (2.33-16.63)

2.5 (0.1-5.0)

63

1.7

36.94 (22.37-61.01)

30 (22-38)

64

14.1

4.53 (3.28-6.27)

12 (8-16)

31

5.5

5.63 (3.46-9.17)

12 (7-17)

Female

33

8.6

3.83 (2.47-5.94)

13 (7-19)

Age 0-9 y

25

3.7

6.77 (4.15-11.0)

11 (6-16)

Age 10-19 y

39

10.4

3.74 (2.61-5.36)

14 (8-20)

1637

1288.5

1.27 (1.20-1.34)

90 (68-112)

1038

895.0

1.16 (1.09-1.24)

72 (38-106)

Female

599

393.5

1.52 (1.39-1.67)

110 (83-137)

Age 0-9 y

844

655.2

1.29 (1.20-1.38)

100 (69-131)

Fractures

S02, S12, S22, S32, S42, S52, S62, S72, S82,
S92, M90.6, M90.7, M48.4, M48.5

Male

Age 10-19 y

793

633.3

1.25 (1.16-1.35)

81 (52-109)

118

75.1

1.57 (1.28-1.92)

11 (5-16)

Male

71

51.3

1.38 (1.07-1.79)

9 (1-18)

Female

47

23.8

1.97 (1.42-2.75)

12 (5-19)

Age 0-9 y

69

37.2

1.85 (1.44-2.38)

16 (7-25)

Age 10-19 y

49

37.8

1.30 (0.97-1.74)

213

143.6

1.48 (1.28-1.72)

17 (10-25)

98

73.0

1.34 (1.08-167)

12 (2-22)

115

70.6

1.63 (1.32-2.00)

23 (12-35)

53

32.6

1.63 (1.22-2.17)

10 (3-18)

160

111.0

1.44 (1.22-1.70)

24 (12-36)

Osteochondropathies

Osteoarthrosis

M23.4, M24.0, M24.1, M42, M89.5, M91-94

M15-19

Male
Female
Age 0-9 y
Age 10-19 y

5 ( 1 to 12)

Abbreviations: AER, absolute excess risk; RR, standardized hospitalization rate ratio.
ICD 7-9 codes were adapted to the ICD-10 version.
b
Observed (obs) and expected (exp) number of hospitalizations.
a

particularly high for patients diagnosed with cancer in the age group

3.2

|

Osteoporosis

of 10-19 years (63 observed cases), RR 36.9 (22.4-61.1) compared
to those diagnosed under 10 years of age (6), RR 6.2 (2.3-16.6)

The overall RR for osteoporosis was 4.5 (3.3-6.3) (Table 2), but the overall

(Table 2). Among the 46 leukemia survivors hospitalized for

excess risk was only significant for survivors hospitalized before 30 years

osteonecrosis, 36 had ALL, 4 acute myeloid leukemia and 6 other

of age (Table 4). Of the 64 hospitalizations for osteoporosis, 38 occurred

types of leukemia (not shown).

before 20 years of age. As expected, the hospitalization rates for osteopo-

We also observed a few cases of osteonecrosis among survivors

rosis increased among survivors as well as in the general population after

with nonhematological cancers; that is, CNS tumors (4 observed

50 years of age but there were only eleven hospitalizations for osteoporo-

cases), sympathetic nervous system tumors (1), renal tumors (1) and

sis among the survivors in the age group 60 years or older, RR 1.8

malignant bone tumors (3). Seven of these nine patients were older

(0.9-3.5) (Table 4). For survivors 0-9 years of age at cancer diagnosis, the

than 25 years at the time of hospitalization and seven were hospital-

RR for osteoporosis was 6.7 (4.1-11.0) compared to a RR of 3.7 (2.6-5.4)

ized for osteonecrosis in 2004 or later.

for those diagnosed at 10-19 years of age (Table 2).
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T A B L E 3 Observed and expected hospitalizations and RR for skeletal adverse events among 1-year childhood cancer survivors, by
cancer type
Diagnostic groups by ICCC-3

Obsa

Exp

I. Leukemias (n = 5803)

389

249.4

Osteonecrosis

46

0.3

133.7 (70.9-252.4)

Osteoporosis

25

0.9

28.2 (16.7-47.8)

RR (95% CI)
1.6 (1.4-1.7)

Diagnostic groups by ICCC-3

Obs

V. Retinoblastoma (n = 618)

57

53.0

Osteonecrosis

0

0.1

NA

Osteoporosis

1

0.4

2.8 (0.4-20.1)

48

48.0

1.0 (0.8-1.3)

6

2.8

2.2 (1.0-4.8)
0.8 (0.3-2.5)

Fractures

287

232.7

1.2 (1.1-1.4)

Fractures

Osteochondropathies

29

13.4

2.2 (1.5-3.1)

Osteochondropathies

Osteoarthrosis

34

8.4

4.0 (2.8-5.8)

Osteoarthrosis

II. Lymphomas (n = 3635)

253

216.2

1.2 (1.0-1.3)

VI. Renal tumors (n = 1128)

Osteonecrosis

14

Osteoporosis

3

Fractures

202

Osteochondropathies

13

Osteoarthrosis

36

III. CNS tumors (n = 5990)

523

Osteonecrosis

4

Osteoporosis

13

Fractures

467

Osteochondropathies

18

Osteoarthrosis

0.5

31.2 (15.7-62.1)

Osteonecrosis

1.5

2.0 (0.6-6.4)

Osteoporosis

189.0

1.1 (0.9-1.2)

Fractures

11.6

1.1 (0.7-1.9)

20.7

1.7 (1.2-2.4)

343.1

1.5 (1.4-1.7)

VII. Hepatic tumors (n = 163)

0.6

6.6 (2.2-19.8)

3.3
301.2

Exp

RR (95% CI)
1.1 (0.8-1.4)

3

3.8

81

72.6

1.1 (0.9-1.4)

1

0.1

11.3 (1.5-87.9)

3

0.3

9.6 (3.0-31.3)

72

66.7

1.1 (0.9-1.4)

Osteochondropathies

9

3.9

2.3 (1.2-4.5)

Osteoarthrosis

2

3.3

0.6 (0.2-2.4)

11

7.4

1.5 (0.8-2.7)

Osteonecrosis

0

0.0

NA

4.0 (2.2-7.2)

Osteoporosis

3

0.0

153.7 (46.1-505.3)

1.6 (1.4-1.7)

Fractures

8

6.9

1.2 (0.6-2.3)

17.7

1.0 (0.6-1.6)

Osteochondropathies

0

0.4

NA

47

33.0

1.4 (1.1-1.9)

Osteoarthrosis

0

0.2

NA

IV. Sympathetic nervous
system tumors (n = 1125)

89

51.7

1.7 (1.4-2.1)

VIII. Malignant bone tumors
(n = 1240)

154

58.7

2.6 (2.2-3.1)

Osteonecrosis

1

0.1

12.5 (1.6-95.5)

Osteonecrosis

3

0.1

25.4 (7.5-86.0)

Osteoporosis

2

0.2

10.5 (2.5-43.9)

Osteoporosis

2.7 (0.7-11.0)

Fractures

76

48.0

1.6 (1.3-2.0)

Fractures

Osteochondropathies

12

2.7

2.6 (4.5-2.5)

Osteochondropathies

Osteoarthrosis

3

2.0

1.5 (0.5-4.6)

Osteoarthrosis

IX. Soft tissue sarcomas
(n = 1746)

120

109.4

1.1 (0.9-1.3)

XI. Carcinoma and other malignant
epithelial neoplasms (n = 2818)

Osteonecrosis

0

0.2

NA

Osteoporosis

2

2.0

1.0 (0.3-4.1)

Fractures

90

92.2

1.0 (0.8-1.2)

Fractures

Osteochondropathies

10

5.2

1.9 (1.0-3.6)

Osteochondropathies

Osteoarthrosis

25

15.4

1.6 (1.1-2.4)

X. Germ cell tumors
(n = 1701)

106

110.6

1.0 (0.8-1.2)

Osteonecrosis

0

0.2

NA

Osteoporosis

3

0.9

3.3 (1.0-10.4)

Fractures

93

95.1

1.0 (0.8-1.2)

Fractures

Osteochondropathies

7

5.2

1.4 (0.6-2.9)

Osteochondropathies

Osteoarthrosis

8

12.6

0.6 (0.3-1.3)

Osteoarthrosis

2

0.7

133

49.9

2.7 (2.2-3.2)

6

3.1

1.9 (0.9-4.3)

17

8.0

2.1 (1.3-3.4)

183

181.4

1.0 (0.9-1.2)

Osteonecrosis

0

0.4

NA

Osteoporosis

4

3.8

1.1 (0.4-2.8)

144

143.3

1.0 (0.9-1.2)

5

8.2

0.6 (0.3-1.5)

Osteoarthrosis

37

34.3

1.1 (0.8-1.5)

XII. Other and unspecified
malignant neoplasms (n = 347)

21

17.8

1.2 (0.8-1.8)

Osteonecrosis

0

0.0

Osteoporosis

3

0.2

17

15.6

1.1 (0.7-1.8)

3

0.9

3.6 (1.1-11.0)

1

1.8

0.6 (0.1-3.9)

NA
17.1 (5.4-54.0)

Abbreviations: CNS, central nervous system; ICCC-3, International Classification of Childhood Cancer, version 3; NA, not applicable; RR, standardized
hospitalization rate ratio.
a
Observed (obs) and expected (exp) number of hospitalizations. The total number accounts for the first hospitalization for each skeletal adverse event.
Individual numbers account for the first hospitalizations for osteonecrosis, osteoporosis and osteoarthrosis and the first hospitalization for each new
fracture and different types of osteochondropathies.

A

strong

association

was

found

between

osteoporosis

3.3

|

Fractures

and leukemias, with a RR of 28.2 (16.7-47.8), whereas among lymphoma survivors, only three hospitalizations occurred (Table 3). Fur-

The RR for fractures was 1.3 (1.2-1.3) (Table 2). The relative risk

thermore, a significant excess risk was observed among survivors of

was higher for serious fractures such as hip fractures (104 observed

CNS tumors, RR 4.0 (2.2-7.2).

cases), RR 2.9 (2.3-3.7) and femur fractures (23), RR 2.00 (1.6-2.5)
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F I G U R E 2 Observed and expected hospitalization rates per 100 000 person-years for any and for specific skeletal adverse event in 26 334
1-year survivors of childhood cancer in four Nordic countries, by age at first hospitalization for a skeletal adverse event

(not shown). Looking specifically at osteoporotic fractures (fractures

Significant associations between cancer types and fractures were

of proximal humerus, distal radius, hip, distal femur, proximal tibia,

found for patients with leukemia (287 observed cases), CNS tumors

pelvis and vertebrae; 382 observed cases) a higher risk was

(467), sympathetic nervous system tumors (76) and malignant bone

observed among survivors, RR 1.4 (1.3-1.6) but the risk patterns

tumors (133) (Table 3).

(sex, age, cancer type) were very similar to fractures in the general

The excess fracture risk persisted until the age of 60 years

population (not shown). Compared to the general population, child-

(Table 4). As Figure 2 illustrates, the patterns of hospitalizations for

hood cancer survivors were more likely to have recurrent fractures

fractures were very similar among survivors and comparison subjects,

as well; the adjusted cause-specific hazard ratio for a second frac-

but the expected age-dependent rise in the hospitalization rate hap-

ture was 1.28 (1.14-1.45).

pened earlier among survivors.
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T A B L E 4 Hospitalization frequencies, hospitalization rates per 100 000 person-years, standardized hospitalization rate ratios and absolute
excess risks per 100 000 person-years by skeletal adverse events and attained age

Frequencies

All skeletal events

Osteonecrosis

Osteoporosis

Fractures

Osteochondropathies

Osteoarthrosis

Hospitalization rates per 100 000
person-years (95% CI)
Rate ratios
(95% CI)

Absolute excess riska
(95% CI)

330 (281-338)

1.59 (1.37-1.84)

194 (123-265)

610 (564-660)

447 (408-490)

1.37 (1.25-1.49)

163 (113-214)

423 (388-462)

343 (311-378)

1.23 (1.12-1.36)

80 (41-120)

198.5

419 (373-470)

289 (251-332)

1.45 (1.28-1.65)

130 (79-181)

137.5

544 (470-629)

410 (347-485)

1.33 (1.13-1.56)

134 (50-217)

Attained
age (y)

Obs

Exp

0-9

233

146.7

525 (461-596)

10-19

623

456.3

20-29

496

401.8

30-39

288

40-49

181

Survivors

Comparison
subjects

50-59

106

79.1

786 (649-950)

586 (470-731)

1.34 (1.09-1.65)

200 (41-358)

≥60

60

52.4

1484 (1152-1911)

1298 (990-1701)

1.14 (0.87-1.51)

186 ( 216 to 588)

0-9

0

0.2

0.4 (0.0-37.4)

NA

10-19

34

0.0

32.1 (22.9-44.9)

0.0

NA

20-29

26

0.9

21.1 (14.4-31.0)

0.7 (0.1-5.8)

30.5 (11.8-78.7)

20 (12-29)

30-39

6

0.6

8.1 (3.7-18.1)

0.8 (0.1-10.2)

10.0 (2.8-36.2)

7 (1-14)

0.0

0
32 (21-43)

40-49

2

0.6

5.5 (1.4-21.9)

1.7 (0.1-20.4)

3.2 (0.6-17.3)

3.8 ( 4 to 12)

50-59

1

0.4

6.6 (0.9-46.8)

2.6 (0.1-58.7)

2.5 (0.2-25.9)

4.0 ( 10 to 17)

≥60

0

0.0

0-9

10

0.3

22.2 (12.0-41.3)

0.7 (0.0-22.4)

30.6 (6.3-148.9)

22 (8-35)

10-19

28

1.6

26.4 (18.3-38.3)

1.5 (0.3-7.1)

17.7 (8.4-37.4)

25 (15-35)

20-29

6

1.3

4.9 (2.2-10.8)

1.1 (0.2-5.9)

4.6 (1.6-13.4)

4 (0-8)

0.0

0.0

NA

0

30-39

2

0.9

2.7 (0.7-10.8)

1.3 (1.6-9.6)

2.2 (0.4-10.8)

2 ( 2 to 5)

40-49

2

1.0

5.5 (1.4–21.9)

2.7 (0.4-19.5)

2.1 (0.4-10.1)

3 ( 5 to 11)

50-59

5

2.8

33.0 (13.7-79.3)

18.5 (5.7-59.6)

1.8 (0.7-4.9)

15 ( 16 to 45)

≥60

11

6.2

226 (126-410)

128 (58.5-282)

1.8 (0.9-3.5)

98 ( 43 to 239)

0-9

211

140.9

474 (414-543)

317 (268-374)

1.5 (1.3-1.7)

158 (90-225)

10-19

507

429.1

494 (453-539)

418 (380-460)

1.2 (1.1-1.3)

76 (30-122)

20-29

431

372.2

365 (332-401)

315 (285-349)

1.2 (1.0-1.3)

50 (13-87)

30-39

247

170.2

356 (314-403)

245 (211-285)

1.5 (1.3-1.7)

111 (64-157)

40-49

133

99.7

394 (332-467)

295 (243-359)

1.3 (1.1-1.6)

99 (28-169)

50-59

81

46.5

586 (471-729)

337 (252-449)

1.7 (1.4-2.2)

158 (90-225)

≥60

27

29.9

623 (428-909)

691 (483-988)

0.9 (0.6-1.4)

67 ( 324 to 189)

0-9

13

5.7

28.9 (16.8-49.7)

12.6 (5.5-28.7)

2.3 (1.2-4.4)

16 (0-33)

10-19

68

28.7

64.4 (50.8-81.7)

27.2 (18.8-39.2)

2.4 (1.8-3.1)

37 (21-53)

20-29

23

23.8

18.7 (12.4-28.2)

19.4 (13.0-28.9)

1.0 (0.6-1.5)

30-39

9

10.3

12.3 (6.4-23.6)

14.0 (7.6-25.8)

0.9 (0.4-1.8)

2 ( 11 to 7)

40-49

4

4.5

11.0 (4.1-29.4)

12.3 (4.9-31.1)

0.9 (0.3-2.5)

1 ( 13 to 10)

50-59

0

2.2

≥60

1

0.0

0.0

0-9

3

0.0

6.7 (2.2-20.7)

10-19

11

2.6

10.4 (5.8-18.7)

20-29

37

12.6

30.0 (21.8-41.4)

30-39

43

26.1

58.5 (43.4-78.8)

40-49

56

39.7

50-59

30

36.9

≥60

33

25.9

20.6 (2.9-146)

14.5 (3.8-54.5)
0.0

NA

1 ( 9 to 8)

0

NA

21 ( 20 to 61)

0.0

NA

7 ( 1 to 14)

2.5 (0.7-8.3)

4.2 (1.9-9.1)

8 (2-14)

10.2 (5.9-17.7)

2.9 (2.0-4.4)

20 (10-30)

35.5 (24.2-52.1)

1.6 (1.2-2.3)

23 (5-41)

155 (120-202)

110 (80.6-150)

1.4 (1.1-1.9)

45 (2-88)

203 (142-290)

249 (180-344)

0.8 (0.6-1.2)

46 (126 to 34)

724 (514-1018)

567 (386-834)

1.3 (0.9-1.9)

Abbreviations: Exp, expected; NA, not applicable due to no cases in either group; Obs, observed.
a
Absolute excess risk per 100 000 person-years.

157 ( 107 to 420)
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3.4

|

Osteochondropathies and osteoarthrosis

among 26 334 1-year survivors of childhood cancer compared to
127 531 age- and sex-matched population comparison subjects.

The overall RR for osteochondropathies was 1.6 (1.3-1.9) and 1.5

To our knowledge, this is the first study describing the long-term risk

(1.3-1.7) for osteoarthrosis (Table 2). A significant excess risk for

and patterns of skeletal adverse events in survivors across the spec-

osteochondropathies was only observed among survivors younger than

trum of childhood cancer.

20 years and for osteoarthrosis among survivors younger than 50 years

The long follow-up time and the population-based design allowed

(Table 4). In both cohorts, the majority of hospitalizations for

us to capture events occurring both during treatment and over a long

osteochondropathies occurred before 30 years of age, 103 of the

period after completion of therapy. In general, the hospitalization risk

118 (87.3%) among survivors and 58 of 75 (77.3%) among the compari-

was higher in the survivor cohort up to the age of 60 years. However,

son subjects. Among all cancer diagnoses, leukemias (29 observed cases)

we found a distinct age pattern between the different types of skele-

sympathetic nervous system tumors (12), retinoblastomas, (6), renal

tal adverse events. For osteochondropathies the risk was significantly

tumors (9) and soft tissue sarcomas (10) were significantly associated

higher among survivors <20 years of age, for osteoporosis <30 years

with an increased risk of hospitalization for osteochondropathies

of age, for osteonecrosis <40 years of age, for osteoarthrosis

(Table 3). A different pattern was observed for osteoarthrosis. Signifi-

<50 years of age and for fractures among survivors <60 years of age.

cant excess hospitalization risks for osteoarthrosis were found in survi-

Apart from the increased prevalence of skeletal morbidity in the aging

vors with leukemia (34 observed cases), lymphoma (36), CNS tumors

comparison cohort, the shorter lifespan of the survivor cohort could

(47), malignant bone tumors (17) and soft tissue sarcoma (25).

be one of the explanations for the lack of differences between the
older age groups. Survivorship bias is another possible contributing
factor, since there might be a selection of the healthiest individuals

3.5 | Stratification by endocrine and neurological
disorders

among the oldest survivors.26 Finally, for many cancer types, especially the ones where survival was very poor before the 1970s such as
leukemia, the number of survivors older than 40 years was low. This

For childhood cancer survivors as compared to directly matched com-

made the estimation of the long-term risk more difficult for some of

parison subjects, the hazard ratio for hospitalizations for any of the

the subgroups. Since the overall survival in childhood cancer has

skeletal adverse events was 1.34 (1.09-1.64) if a hospitalization for

improved markedly, especially for hematological malignancies, the

endocrine disorders occurred prior to the skeletal adverse event but

number of aging survivors is rising. Therefore, with a longer follow-up

1.32 (1.26-1.39) if it did not occur. For patients that were also hospi-

time, we could have seen a different pattern in the older population

talized for neurological disorders, the hazard ratio for a skeletal

and repeated follow-up investigations are warranted.
In

adverse event was 1.40 (1.22-1.61) compared to 1.28 (1.22-1.35) if a

the

general

population,

osteonecrosis,

osteoporosis

and

hospitalization for a neurological disorder did not occur. We looked

osteoarthrosis are very uncommon conditions in children and young

specifically at each group of skeletal adverse events but for some of

adults. For that reason, only a few events among childhood cancer survi-

the subgroups the risk estimates were underpowered due to low

vors may result in high and statistically significant risk estimates. This

number of events (Table S3).

needs to be taken into account when interpreting the results of our study.

3.6

4.1

|

Sensitivity analyses

|

Osteonecrosis

Sensitivity analyses conducted to address several issues regarding the

Although osteonecrosis is not life-threatening, it is a serious complica-

study design and interpretations are presented in Table S4. In sum-

tion that may have a large impact on the quality of life.10 In cases

mary, when we (a) excluded cases with malignant bone tumors or

where osteonecrosis causes a collapse of the joint surface, joint-

(b) included only: 5-year survivors, cases diagnosed with cancer less

replacement surgery may be indicated to alleviate pain and restore

than 1 year prior to the start of NPR or events coded by ICD-9 and

joint function.27 Multiple studies have shown an increased risk of

ICD-10, it resulted in fewer events but without a major effect on the

osteonecrosis among children and adolescents with hematological

risk estimates. When we analyzed separately events recorded as out-

malignancies, particularly if ≥10 years of age at cancer diagnosis.27-30

patient visits (Denmark and Sweden), it yielded lower risk estimates

In the Childhood Cancer Survivor Study (CCSS), the estimated RR for

but overall, they were still significantly higher compared to the mat-

osteonecrosis was 6.2 (95% CI 2.3-17.2) among 5-year childhood can-

ched comparison group, RR 1.2 (1.2-1.3).

cer survivors diagnosed between 1970 and 1986 compared to a random sample of siblings.10 In our study the RR was 14.8 (7.9-27.6) for
5-year survivors and 25.9 (15.0-44.5) for 1-year survivors. More

4

|

DISCUSSION

intensive therapy in later years (>80% of all hospitalizations for
osteonecrosis in our study occurred among patients diagnosed

In this large population-based retrospective cohort study, we

>1990), improved detection techniques and differences in study

observed an excess risk of hospitalization for skeletal adverse events

design may all contribute to the difference between these studies.
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Both in our study and the CCSS study, the risk of osteonecrosis

study, the risk was highest among the younger survivors but

was highest among survivors of hematological malignancies and survi-

decreased with attained age. However, the model was not designed

vors ≥10 years at diagnosis but although the risk was highest the first

to predict the risk after the age of 40 years.

years after diagnosis, the excess risk continued until the age of 40 in

In contrast to the other skeletal adverse events, the RR for osteopo-

our study. Interestingly, we also found an excess risk among patients

rosis among male survivors was higher than among female survivors.

with nonhematological malignancies. This is a very rare finding and

The association between male sex and the risk of BMD deficits has been

poorly described in the literature. The pathogenic mechanisms for

described in survivors of childhood ALL and could be explained by dif-

nonhematologic malignancies are likely more heterogeneous (radia-

ferent biological responses to the cancer treatment and the fact that

tion therapy, fractures etc.) than for hematological malignancies.

osteoporosis is very rare among younger males in the general popula-

The main iatrogenic risk factor for osteonecrosis among patients
31

with hematological malignancies is high glucocorticoid exposure.

tion.37,44 In the prediction model developed by Van Atteveld et al, male
sex was a predictor for both low and very low BMD.43

Attempts to reduce the frequency of osteonecrosis among patients

The lifetime pattern we observed for fractures reflects the pat-

with ALL without compromising survival outcomes have been suc-

tern in the general population, where fractures are more common

cessful but future studies should focus on developing treatment strat-

among males than females during childhood and early adulthood but

egies that minimize the duration and the total dose of glucocorticoids,

become more common among females at older ages.45 However, sur-

32

especially for the most vulnerable risk groups.

vivors were more likely to be hospitalized prior to the expected age-

An excess risk of osteonecrosis has been reported among female

related rise in incidence of fractures. In our study, the RR for fractures

patients with ALL, especially if ≥10 years at cancer diagnosis but this

was higher in female survivors but the RR for the age groups

29,31,33,34

In our

0-9 years and 10-19 years at cancer diagnosis were very similar. In

study, the RR for osteonecrosis was highest for the age group

the Childhood Cancer Survivor Study, an increased risk of fractures

10-19 years at cancer diagnosis but the risk was similar between male

was only observed in females >50 years, whereas male survivors were

and female survivors, both overall and for survivors of hematological

at lower risk compared to their siblings.13

association has not been consistent in all studies.

malignancies specifically.

In concordance with previous reports, survivors of leukemia were

Osteonecrosis was not available as a diagnostic code in the ICD-7

at a significantly higher risk for both osteoporosis and fractures.

or ICD-8 classification systems (1955-1986) therefore it can be

Direct effects of leukemic cells on the bone tissue and the high expo-

argued that our study design underestimated the incidence of

sure to glucocorticoids are likely the most important risk factors.

osteonecrosis. Furthermore, it is possible that some of the

However, subgroups of leukemia survivors have additional risk factors

osteonecrosis events were coded as osteochondropathies before

such as allogeneic HSCT and/or craniospinal irradiation that render

ICD-9 and ICD-10. In ICD-10, a more detailed coding with regard to

them particularly susceptible to skeletal adverse events. Since we did

the localization of osteonecrosis was introduced. This will facilitate

not have data on HSCT or radiotherapy, we were unable to take into

future studies on osteonecrosis using register data.

account the impact of these therapeutic interventions.
We found both a significantly increased risk for osteoporosis and
fractures among survivors of CNS tumors. Survivors of brain tumors

4.2

|

Osteoporosis and fractures

commonly have hormone deficiencies (growth hormone deficiency,
hypogonadism), especially if exposed to cranial irradiation, which may

In children and adolescents, the mineralization of the growing skele-

lead to secondary osteoporosis and fractures. However, we did not

ton is very active and negative effects on this process may lead to

find a significant modifying effect of hospitalizations for endocrinolog-

BMD deficits and subsequent fractures. Osteopenia and osteoporosis

ical and neurological disorders on the risk of skeletal adverse events in

have been described in patients with lymphoid malignancies, CNS

general, nor for osteoporosis or fractures. The effect of these factors

tumors, Wilms' tumors, sarcomas and neuroblastoma.35-42 In our

may be mitigated by hormone substitution that most childhood cancer

study, the risk of osteoporosis was particularly high among survivors

survivors with endocrinopathies need. Due to lack of statistical power,

of leukemia but the excess risk extended to other groups of cancer as

we could not perform stratified analyses by specific endocrinopathies

well, both CNS and solid tumors but not for lymphomas.

such as in patients with gonadal insufficiencies. For survivors of CNS

Low BMD is generally associated with an increased risk of frac-

tumors, factors other than bone fragility could contribute to the frac-

tures; therefore, early detection of low BMD and preventive measures

ture risk, such as increased risk of falls due to neurological deficits,

are of importance to lower the fracture risk and fracture-associated

visual impairment and seizures.

complications. We observed a significantly increased risk of hospitalization for osteoporosis in the survivor cohort up to the age of
30 years. Since recovery from bone loss during cancer treatment may

4.3

|

Osteochondropathies and osteoarthrosis

take several years, it is not surprising that the risk of osteoporosis was
highest among the younger survivors. Van Atteveld et al developed a

Osteochondropathies and osteoarthrosis have not been described

prediction model for low (Z-score below

1.0) and very low (Z-score

previously in childhood cancer survivors. Interestingly, we found an

2.0) BMD in adult survivors of childhood cancer.43 As in our

increased hospitalization risk for both of these conditions in the

below
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for

patients.51,52 Some hope is placed on newer, more targeted therapy,

osteochondropathies shows that the risk is highest during the age

but the development of such novel therapies will also introduce a new

period when the activity is highest in the growth plates (10-19 years).

spectrum of toxicities and we have sparse knowledge at this point

Hospitalizations for osteoarthrosis were more common among survi-

how these will affect the future health of childhood cancer

vors younger than 50 years of age. This could be caused by premature

survivors.53

survivor

cohort.

The

age

pattern

of

hospitalizations

aging of the articular cartilage.

5
4.4

|

CONC LU SIONS

Study strengths and limitations

|

In our study, childhood cancer survivors were more likely to be hospiThe population demographics, health care resources and childhood

talized for skeletal adverse events than matched population compari-

cancer epidemiology are very similar in the Nordic countries. Along

son subjects. Although the risk of adverse events was highest in the

with the unique personal identification number, this enables

time period close to the cancer treatment, the excess risk continued

researchers to create large homogeneous cohorts and track patients

for decades. Therefore, assessment of skeletal health is important

through different population and quality registries over the lifetime of

both during treatment and in the long-term follow-up. Future studies

the patient.14 Previous studies using data from the ALiCCS cohort

should focus on treatment modifications and preventive strategies in

have shown that childhood cancer survivors are at higher risk for

high-risk groups and the development of evidence-based follow-up

numerous adverse events that need continuous medical atten-

guidelines.

46-50

tion.

These studies have also proved that using hospital registries

as the source of study endpoints is comparable to other sources such

AC KNOW LEDG EME NT S

as questionnaires and single-center registries/cohorts.47 It is possible

This project was supported by a grant from the Swedish Childhood

that some of the study outcomes would have been better captured

Cancer Foundation, Barncancerfonden (PR2011-0047). The funding

using other methods as we only included skeletal adverse events

sources had no involvement in the content or preparation of the

resulting in hospital admissions, possibly underestimating the number

article.

of events. However, less serious events will have been underrecorded equally in both cohorts, so differential bias is unlikely to be

CONFLIC T OF INT ER E ST

an issue. Compared to the CCSS, our study design is less affected by

The authors declare no conflict of interest.

information bias since our endpoints are medically verified and the
registration is mandatory.16 To address the issue of possible surveil-

DATA AVAILABILITY STAT EMEN T

lance/hospitalization bias, we conducted a sensitivity analysis only

The ALiCCS study group welcomes collaboration with other

analyzing data from the outpatient registries in Denmark and Sweden.

researchers in using our registry data. Study protocols can be planned

The risk estimates were lower for all types of skeletal diseases

in collaboration with us, and the study material can be analyzed

suggesting

accordingly at the Danish Cancer Society Research Center in Copen-

that

surveillance/hospitalization

bias

might

have

influenced the results in the main analysis.
A major limitation of our study was the lack of treatment data.
Although a specific cancer diagnosis and the associated treatment

hagen, Denmark. Further information about the present study or
regarding collaborative ALiCCS projects are available from Professor
Jeanette Falck Winther, MD, DMSc (jeanette@cancer.dk).

protocols may to some degree serve as an indirect indicator of the
treatment given, the lack of data on specific therapeutic interventions,

ET HICS S TAT E MENT

cancer staging and remission status limited our ability to conduct risk-

This retrospective, register-based cohort study is part of the collabo-

group analyses and draw conclusions on causal inferences. More

rative study Adult Life after Childhood Cancer in Scandinavia

detailed patient information is available in various quality registries

(ALiCCS) (www.aliccs.org). No consent was required for our study.

such as the Nordic Society of Paediatric Haematology and Oncology

Our study was approved by the national ethical review authorities,

(NOPHO) registry and could be accessible by data linkage methods.

national departments for health and welfare, or data protection

One might ask whether the interpretations of our results are

authorities in the respective countries.

applicable to the current clinical practice since our estimations
are based on a treatment era extending over several decades and thus
may not reflect the modern landscape of pediatric oncology. However, over recent decades only relatively minimal changes have been
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made in the backbone treatment for the majority of childhood cancer
subtypes, whereas in some cases the treatment has intensified.
Attempts to improve survival by increasing treatment intensity have
often failed and caused more toxicity. These efforts have added further to the burden of expected late morbidity among subgroups of
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