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ABSTRACT
Objectives  Survival among children diagnosed with acute 
lymphoblastic leukaemia (ALL) has increased considerably. 
However, morbidity in survivors constitutes a potential 
increasing burden not limited to secondary health care. 
Our objectives were to compare health care utilisation, 
including both primary and secondary health care, 
between childhood ALL survivors and matched references 
up to 15 years after curative treatment. Moreover, to 
increase knowledge on survivors’ health service seeking 
behaviour as time from treatment elapsed.
Design and setting  A Danish population-based 
matched cohort study linking multiple nationwide 
registries.
Participants  675 cases, diagnosed with childhood 
(1.0–17.9 years) ALL between 1994 and 2015, and 6750 
matched references sampled randomly from the source 
population (matched on age, gender and geographical 
region).
Primary outcome measures  Repeated consultations in 
general practice and hospital (outpatient and inpatient) 
estimated as yearly rates from 2.5 years after diagnosis 
and onwards. We compared cases and references with 
yearly incidence rate ratios (IRRs) from negative binomial 
regression models.
Results  Survivors of childhood ALL had a mean number 
of yearly daytime contacts in general practice of 4.75 
(95% CI 4.41 to 5.11) the first year, corresponding to an 
IRR of 1.85 (95% CI 1.71 to 2.00); decreasing to 1.16 (1.01 
to 1.34) after 15 years, and without significant impact of 
gender (p=0.894) or age (p=0.399). For hospital contacts, 
ALL survivors had a mean number of yearly contacts of 
14.21 (13.38–15.08) the first year, corresponding to an IRR 
of 31.50 (28.29–35.07); decreasing to 2.42 (1.59–3.68) 
after 15 years. No differences were found across calendar 
time.
Conclusions  ALL survivors used significantly more health 
care services across sectors than the reference population. 
Decreasing use over 15 years illustrated the dynamics of 
health care needs; this knowledge may inform the future 
organisation of integrated follow-up programmes.
Trial registration number  NCT03985826.

INTRODUCTION
Acute lymphoblastic leukaemia (ALL) is the 
most frequent childhood cancer. In recent 
decades, advances in ALL treatment have 
increased the 5-year survival rate to above 
90%.1 2 Recent studies have demonstrated 
that long-term survivors of childhood cancer, 
including ALL, have an increased risk of 
hospitalisations3–11 and have more chronic 
conditions than references.12–15

The majority of previous studies including 
non-hospital-based contacts with doctors 
found survivors of childhood cancer to have 
increased utilisation of general practice 
services,10 16–19 with one study presenting 
similar use of general practice in survivors 
of childhood cancer and references 11 years 
after diagnosis.20 Participants in these studies 
had a diverse spectrum of childhood cancers. 
In some studies, data were self-reported thus 
increasing the risk of recall bias, and some 

Strengths and limitations of this study

►► This is the first study to assess use of general prac-
tice in a population of childhood acute lymphoblastic 
leukaemia survivors, and not a broad spectrum of 
childhood cancer survivors.

►► The longitudinal data with measuring of repeat-
ed events provide valuable insight into long-term 
changes of health care utilisation as time from treat-
ment elapsed.

►► Use of complete nationwide registries with nearly 
no loss to follow-up linked on an individual level 
ensures that the study was population-based and 
limits selection bias.

►► A large, matched population-based reference group 
provides a high statistical precision.

►► Information on all possible confounders was not 
available; however, due to a high number of matched 
references and the random identification, residual 
confounding is minimised.
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studies had a short follow-up time.10 16–21 Studies on health 
care utilisation in general practice as a function of time 
since diagnosis are inconsistent; however, the majority 
of existing studies did not investigate this association. 
An inverse association between time since diagnosis and 
number of yearly visits was observed for the first 5 years 
after diagnosis.16 17 McBride et al19 described no associa-
tion between time since diagnosis and health care utilisa-
tion in later time periods. None of these studies reported 
results about changes in health care use in general prac-
tice across calendar time.

Thus, questions remain about the longitudinal excess 
health care utilisation including general practice as well 
as inpatient and outpatient hospital contacts, which may 
be used as proxy measures for health care needs and 
overall disease burden in this patient group. The aim 
of this study was to compare health care utilisation over 
time between ALL survivors and matched references, and 
to analyse if calendar time or treatment regime affected 
health care utilisation.

METHODS
Study design and setting
We conducted a nationwide, population-based matched 
cohort study using information from several Danish regis-
tries. Data on health care utilisation were extracted retro-
spectively for the period 1 January 1997 to 31 December 
2018. Since 1997, all Danish children have been registered 
with their own unique Civil Personal Registration (CPR) 
number, enabling complete follow-up of each individual 
child. Before 1997, children’s contacts to general practice 
were registered under their parents’ CPR number.22 In 
Denmark, health care is primarily tax financed and free 
of charge for all citizens (population 5.8 million). The 
CPR number follows all citizens from birth to death, and 
data retrieved from Danish public registries were linked 
at individual level using the CPR number.

General practitioners act as gatekeepers in the Danish 
healthcare system except for emergencies and approxi-
mately 98% of the Danish population is registered with a 
specific general practice.23

We used the REporting of studies Conducted using 
Observational Routinely collected health Data statement 
checklist24 as a guide for reporting of this study (online 
supplemental table S1).

Participants
Cases were defined as children (1.0–17.9 years) diag-
nosed with ALL between 1994 and 2015, and surviving at 
least 2.5 years after diagnosis (figure 1). Cases were iden-
tified in the Nordic Society of Paediatric Haematology 
and Oncology (NOPHO) ALL registry, which holds 
comprehensive data on all children aged 1.0–14.9 years 
in Denmark diagnosed with ALL since 1992. From 2008 
and onwards, the ALL registry was extended to include 
children and adolescents aged 1.0–17.9 years.

The reference cohort was sampled randomly from 
the source population using the Danish Civil Registra-
tion System25 and matched by age, sex and geographical 
region among the five Danish regions and with no history 
of childhood cancer 2.5 years after the case was diag-
nosed (incidence density sampling). To check for history 
of childhood cancer, the reference cohort was checked 
in the Danish Cancer Registry,26 which holds information 
on all new cases of cancer in Denmark.

Each patient with ALL was matched with 10 reference 
subjects. Because of the population-based design, the 
study size was determined by the number of cases in the 
area during the study period. No sample size calculation 
was made.

Data sources and variables
Data from national population-based health registries 
were linked and hosted by Statistics Denmark. Postlinkage 
data were pseudoanonymised before the authors obtained 
access to the data.

We collected data on the following variables from the 
NOPHO registry: ALL treatment protocol (1992, 2000 
or 2008), immunophenotype, haematopoietic stem cell 
transplantation and relapse. From the NOPHO registry, 
we further collected data on risk groups (non-high risk 
or high risk); at diagnosis, patients were stratified as high 
risk or non-high risk based on a number of characteristics: 
age, white blood cell count, involvement of extramedul-
lary sites, immunophenotype, cytogenetics and response 
to treatment. A detailed description of risk group strat-
ification according to the different treatment protocols 
has previously been published.1 27 28 We had no patient 
level information on treatment with cranial irradiation; 

Figure 1  Flow diagram of the study population.*Index date: 
2.5 years after diagnosis of acute lymphoblastic leukaemia. 
BCR-ALL, B-cell precursor acute lymphoblastic leukaemia; 
CPR-number, Civil Personal Registration number; T-ALL, T-
lineage acute lymphoblastic leukaemia.
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however, in the NOPHO ALL1992 and NOPHO ALL2000 
eras, the very high-risk group was treated with cranial irra-
diation according to protocol.27 Data on very high-risk 
group were obtained as a proxy for cranial irradiation. 
Information about sex, age, vital status, immigration and 
emigration was obtained from the Danish Civil Registra-
tion System.25 Information about the development of a 
second malignant neoplasm (SMN) was obtained from 
the Danish Cancer Registry.26

Outcomes
The primary outcomes were repeated contacts to general 
practice and hospital for up to 15 years after the end of 
curative ALL treatment. Data from general practice were 
obtained from the National Health Insurance Service 
Register.22 General practice data included contacts 
(daytime face-to-face contacts, out-of-hours contacts, email 
consultations, telephone consultations and home visits) 
and diagnostic procedures (blood test, urine test, strep-
tococcus throat test, pulmonary functions test and ECG). 
We chose to include diagnostic procedures to provide a 
picture of the diagnostic activity level. We did not include 
preventive health examinations of children, vaccinations, 
screening for cervical cancer and pregnancy care. For a 
complete list of codes, see online supplemental table S2. 
Data from secondary health care were obtained from the 
Danish National Patient Registry.29 Secondary health care 
data included inpatient hospital care and outpatient visits 
at both public and private hospitals. Contacts to the acci-
dent and emergency department were excluded from the 
analyses as we expected no difference in visits between 
ALL survivors and matched references.

Statistical methods
Follow-up on health care contacts started 2.5 years after 
diagnosis for cases (the index date, which approxi-
mates the time of ending maintenance therapy) and on 
the corresponding day for the reference group. Study 
follow-up ended on the date of death, date of emigration 
or end of study (31 December 2018 for contacts related 
to general practice and 31 December 2017 for hospital 
contacts), whichever came first.

To estimate and compare yearly rates of health care 
contacts for cases and references, we used a negative 
binominal regression model. To account for differences 
in follow-up time, log-transformed risk time was included 
in the model with the regression parameter restricted 
to one. Cluster robust variance was applied to allow for 
intragroup correlation because repeated measurements 
(contacts) within individuals cannot be interpreted as 
independent events. Yearly rates for primary health 
care contacts (daytime contacts, out-of-hours contacts 
and diagnostic procedures) and secondary health care 
contacts (including inpatient hospitalisations and hospital 
outpatient contacts) were calculated from the index date 
and forward. Yearly contact rates were calculated as crude 
estimates.

When comparing the yearly rates of health care contacts 
for cases and references, we calculated an incidence rate 
ratio (IRR). IRRs were adjusted for sex and age on the 
index date. To adjust for age, we used restricted cubic 
splines with six knots to allow for a non-linear relation-
ship. We conducted stratified analyses on sex and age 
group (<10 years, ≥10 years at index date). Wald tests 
were performed to test for interaction between the effect 
of ALL treatment with age group and sex across all yearly 
periods of follow-up.

Finally, analyses of ALL cases only were conducted 
comparing the two risk groups (the non-high-risk group 
was set as reference), the three calendar times according 
to treatment protocols (the NOPHO ALL1992 protocol 
was set as reference) and haematopoietic stem cell trans-
plantation in first complete remission (no transplanta-
tion was set as reference).

We performed a sensitivity analysis to investigate the 
robustness of our results by excluding all cases under-
going haematopoietic stem cell transplantation at any 
time point. Moreover, we conducted a sensitivity analysis 
censoring all cases developing a relapse or an SMN on the 
date of the relapse/SMN diagnosis.

All estimates are presented with 95% CIs. All tests were 
two sided and a p value<0.05 was considered statistically 
significant. Data were analysed using the statistical soft-
ware package Stata V.16.1 (StataCorp LLC, Texas, USA).

Patient and public involvement
The study included no patient and public involvement.

RESULTS
The study included 675 childhood ALL survivors and 
6750 matched references with a total follow-up time of 
81 611 person-years and a median follow-up time of 11 
years. Table  1 shows characteristics of the population. 
The overall 5-year survival rate was 97.5% (95% CI 95.9 to 
98.5) for the included 675 childhood ALL survivors (risk 
time starts at index date).

Health care utilisation
ALL survivors had a mean number of yearly daytime 
contacts in general practice of 4.75 (95% CI 4.41 to 5.11) 
the first year after the index date, corresponding to an 
IRR of 1.85 (95% CI 1.71 to 2.00); this declined to rates 
not statistically different from references during a 10-year 
period, IRR=1.11 (95% CI 0.99 to 1.25) 10 years after 
the index date; however, the IRRs remained above one 
throughout the follow-up (figure  2). For out-of-hours 
contacts and diagnostic procedures, the IRRs comparing 
cases and references the first year after the index date 
were 2.14 (95% CI 1.81 to 2.53) and 2.38 (95% CI 2.05 to 
2.77), respectively, (figure 2).

For hospital health care utilisation, ALL survivors had a 
mean number of yearly contacts of 14.21 (95% CI 13.38 to 
15.08), corresponding to an IRR of 31.50 (95% CI 28.29 
to 35.07) the first year after the index date, declining to 
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an IRR of 2.42 (95% CI 1.59 to 3.68) 15 years after the 
index date (figure 3).

Comparing the three protocols (corresponding three 
calendar times) for ALL cases only revealed similar 
contact rates (figure 4). Comparing the two risk groups 
showed statistically significantly more contacts in the 
high-risk group, year 1 after the index date in general 
practice (figure 5). Comparing patients with ALL treated 
with or without haematopoietic stem cell transplantation 
(no transplantation was set as reference) revealed more 
contacts in the transplantation group (online supple-
mental figure S1).

Analyses stratified on age group and sex revealed no 
independent risk factors for use of health care after ALL 
treatment (online supplemental figures S2 and S3). This 
was supported by insignificant results from the tests for 
interaction between the effect of ALL treatment with sex 

(p=0.894 for general practice, p=0.067 for hospital) and 
age (p=0.399 for general practice, p=0.079 for hospital).

Sensitivity analyses
In the analysis excluding all cases undergoing haemato-
poietic stem cell transplantation at any time point before 
or after index date, the overall findings remained the 
same (online supplemental figure S4). In the analysis, 
censoring all cases developing a relapse or an SMN on the 
date of relapse/SMN diagnosis did not change the overall 
findings (online supplemental figure S5).

DISCUSSION
The present population-based study was designed to 
investigate the longitudinal overall excess health care 
utilisation in survivors of childhood ALL from treatment 
cessation and onwards. Our results showed that ALL 
survivors had a higher utilisation of general practice and 
hospital health care services than their matched refer-
ences, with a declining pattern over the 15-year period 
as time from treatment elapsed. For hospital health care 
utilisation, the number of yearly contacts showed a steep 
decline during the first 5 years. This finding is in agree-
ment with survivors attending frequent but declining 
hospital-based follow-up during the first 5 years.30 It 
is noteworthy that the use of general practice services 
was high in the same time period as survivors attending 
frequent hospital-based follow-up.

No differences in health care utilisation emerged 
across calendar time (measured by treatment proto-
cols). This has, to the best of our knowledge, not previ-
ously been analysed in a primary health care setting. As 
expected, we found increased health care use in patients 
following haematopoietic stem cell transplantation.31 32 
Patients treated with cranial irradiation are included in 
the high-risk group, and we expected patients treated 
with cranial irradiation to have increased health care 
use.4 12 15 20 21 33–35 However, the increased utilisation in the 
high-risk group was only significant in year 1 in general 
practice. This could reflect that the number of patients 
exposed to cranial irradiation is low. Analyses stratified on 
age group and sex revealed no independent risk factors 
for use of health care after ALL treatment. As expected 
from previous research,36 we found an overall tendency 
towards increased use of general practice services in 
females compared with males. The differences found 
in ALL survivors corresponded to sex differences in the 
general population.

Strengths and limitations
The population-based design using nationwide regis-
tries linked on an individual level is a strength. The use 
of complete nationwide registries with nearly no loss to 
follow-up limits selection bias. Use of registry data on 
health care contacts covering a long period provides a 
picture of the temporal development in health care util-
isation as time from treatment elapsed. Furthermore, 

Table 1  Characteristics of the study population

Characteristics
Cases
N=675

References
N=6750

Sex, n (%)

 � Male 379 (56.1) 3790 (56.1)

 � Female 296 (43.9) 2960 (43.9)

Median age at index date (IQI) 6.9 (5.4–10.4) 6.9 (5.4–10.4)

Age group at index date, n (%)

 � Age <10 years 494 (73.2) 4940 (73.2)

 � Age≥10 years 181 (26.8) 1810 (26.8)

Cell line, n (%)

 � B-precursor ALL 587 (87.0) –

 � T-ALL 88 (13.0) –

Treatment protocol, n (%)

 � NOPHO ALL1992 231 (34.2) –

 � NOPHO ALL2000 210 (31.1) –

 � NOPHO ALL2008 234 (34.7) –

Risk group, n (%)

 � Non-high risk 515 (76.3) –

 � High risk/VHR* 124/36 (23.7) –

Treated with HSCT in CR1, n 
(%)

41 (6.1) –

Treated with HSCT at any point, 
n (%)

74 (11.0) –

Relapse, n (%) 63 (9.3) –

SMN, n (%) 14 (2.1) –

Median years of follow-up from 
index date, (IQI)

10.5 (5.2–15.8) 11.1 (5.6–16.0)

675 cases (childhood survivors of acute lymphoblastic leukaemia 
(ALL)) and 6750 population-based references matched on age, sex 
and geographical region on index date (2.5 years after diagnosis of 
ALL for cases and the corresponding date for references).
*VHR: very high risk as a proxy for cranial irradiation.
HSCT in CR1, haematopoietic stem cell transplantation in first 
complete remission; IQI, interquartile interval; NOPHO, Nordic Society 
of Paediatric Haematology and Oncology; SMN, second malignant 
neoplasm.
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a large matched population-based reference group is 
an advantage as it provides a high statistical precision. 
Data on exposure are robust to misclassification because 
cancer registration is mandatory in Denmark.26

Health care data are collected routinely and uniformly 
in the Danish healthcare system. They are collected for all 
individuals and not for the purpose of the present study. 
We have no reason to believe that ALL cases had more 
or less complete registration of health care data, thereby 
minimising potential misclassification.37

The study period began 2.5 years after diagnosis to 
ensure that curative treatment had ended, which ensures 
a fairly homogeneous study group. However, we expect 
some cases to have extended treatment, explaining some 
of the increased rates of hospital contacts in the first year 
after the index date.

We reduced confounding by age, gender and geograph-
ical region by matching cases with references. Still, 
residual confounding will exist due to ethnicity and socio-
economic factors, including rural/urban status. However, 
due to the high number of matched references and the 
random identification, residual confounding may have 
been further minimised. We believe that our findings 
can be generalised to other countries with comparable 
healthcare systems.

Comparison with other studies
Previous studies on primary health care utilisation in child-
hood cancer survivors have been based on participants with 
a broad spectrum of childhood cancers and have investi-
gated shorter periods either right after diagnosis or later in 
life. Two studies16 17 investigated health care utilisation in the 
5-year period from diagnosis. Both studies found increased 
use of general practice services among childhood cancer 
survivors, which is in agreement with our results. Shaw et al20 
found similar use of general practice services among child-
hood cancer survivors and general population controls. This 
is not in agreement with our results; however, results are 
based on self-reported outcomes. Three studies10 18 19 found 
an increased use of general practice in the survivor group 
compared with a comparison group later in life, including 
patients analysed up to 62 years after a cancer diagnosis. Data 

Figure 3  Hospital health care utilisation during 15 years.
Hospital health care utilisation after the index date; 675 cases 
compared with 6750 references. Top panel: Mean yearly 
number of contacts presented as crude rates. Bottom panel: 
Incidence rate ratios adjusted for age and sex. Vertical lines 
represent 95% CIs. 
Hospital health care utilisation: Including hospital inpatient 
and hospital outpatient contacts. Index date: 2.5 years after 
diagnosis of acute lymphoblastic leukaemia for cases and the 
corresponding date for references.

Figure 2  General practice health care utilisation during 15 years 
.A total of 675 cases compared with 6750 references. Health care utilisation after the index date is divided into daytime 
consultations, out-of-hours consultations and diagnostic procedures in general practice. Top panel: Mean yearly number 
of contacts/diagnostic procedures presented as crude rates. Bottom panel: Incidence rate ratios adjusted for age and sex. 
Vertical lines represent 95% CIs. Index date: 2.5 years after diagnosis of acute lymphoblastic leukaemia for cases and the 
corresponding date for references.
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in these studies are not presented with contact rate ratios as a 
function of time since diagnosis and they are thus difficult to 
compare with our results. In none of the mentioned studies, 
it was possible to compare different calendar times.

We studied both inpatient and outpatient hospital 
contacts, and calculated the contact rate ratio for each 
year following the end of ALL treatment. Two studies3 5 
based on hospital admissions found that the hospitalisa-
tion rate ratio for leukaemia survivors was approximately 
two times higher than their references. This was in 

agreement with our results, at 15 years from index date. 
These studies presented no information about treatment 
regimen.

CONCLUSIONS
Our findings demonstrate that ALL survivors use health 
care in general practice, out-of-hours services and hospi-
tals considerably more often than their peers. This indi-
cates a continuing need for medical care across sectors 

Figure 4  Health care utilisation comparing three calendar times. 
cases only, health care utilisation by year after the index date comparing three calendar times (the NOPHO ALL treatment 
protocols from 1992 (n=231), 2000 (n=210) and 2008 (n=234)). Health care utilisation is stratified on health care setting (hospital 
and general practice). Top panel: Mean yearly number of contacts presented as crude rates. Bottom panel: Incidence rate 
ratios of ALL2000 and ALL2008 compared with ALL1992 (the ALL1992 protocol was set as reference) adjusted for age and sex. 
Vertical lines represent 95% CIs. Index date: 2.5 years after diagnosis of acute lymphoblastic leukaemia. NOPHO, the Nordic 
Society of Paediatric Haematology and Oncology.

Figure 5  Health care utilisation comparing non-high-risk and high-risk groups. 
ALL cases only, health care utilisation by year after the index date comparing non-high-risk (n=515) and high-risk groups 
(n=160) (ie, therapy). Health care utilisation is stratified on health care setting (hospital and general practice). Top panel: Mean 
yearly number of contacts presented as crude rates. Bottom panel: Incidence rate ratios of high risk compared with non-high 
risk as reference adjusted for age and sex. Vertical lines represent 95% CIs. Index date: 2.5 years after diagnosis of acute 
lymphoblastic leukaemia.
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for 10 or more years after treatment has ended. Thus, 
ALL survivors seem to have a high need for integrated 
and coordinated follow-up in general practice and hospi-
tals; this knowledge may inform the organisation of future 
follow-up programmes for this group.
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