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Abstract
Objective Endocrine and metabolic diseases are known to be common late effects in childhood cancer survivors (CCS). We 
assessed the prevalence of these diseases in a large German CCS cohort, and a matched comparison population, using 
health claims data.
Design The cohort study was based on record linkage between the nationwide German Childhood Cancer Registry and 
claims data from 13 major German statutory health insurances.
Methods The monitored insurance period covered the years 2017-2021. We assessed the frequencies of endocrine and 
metabolic diseases among 11 863 five-year CCS, diagnosed 1991-2021, with continuous insurance coverage and a 
matched comparison group of 35 589 insured persons without a history of childhood cancer. We present prevalence and 
prevalence ratios (PR) with corresponding 95% confidence intervals (95% CI).
Results At least one endocrine or metabolic disease was recorded in 31.3% of survivors (n = 3716) and in 16.4% of the 
comparison group (n = 5819, PR = 1.9; 95% CI: 1.8-2.0). The frequency of diseases was higher among females than 
among males in both groups. The PR was 2.4 (95% CI: 2.3-2.5) for males and 1.6 (95% CI: 1.5-1.7) for females. The 
frequency of at least one disease increased with increasing attained age. The disease with the highest frequency among 
CCS was hypothyroidism (15.85%), and the highest PR was estimated for patients with primary thyroid cancer (43.5; 
95% CI: 24.2-78.1).
Conclusions Our study highlights the increased vulnerability of CCS to endocrine and metabolic diseases compared to the 
general population and underscores the need for risk-adapted surveillance during the whole survivorship trajectory.
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Significance statement

The aim of this study was to assess the frequency of endocrine and metabolic diseases among 5-year survivors of childhood can
cer in Germany, comparing them with matched insurants from the general population.

We showed that approximately one-third of survivors (31.3%) suffered from at least one endocrine or metabolic disorder, with a 
frequency almost twice that of the general population. The most frequently occurring disease was hypothyroidism, while thyroid 
cancer showed the most pronounced increase in frequency compared to the comparison group.

Our results underscore the substantial clinical relevance of these sequelae for all childhood cancer survivors throughout the 
whole survivorship trajectory and may contribute to raising awareness and improved surveillance among healthcare providers 
for endocrine morbidity in these survivors.

Introduction
Due to advances in cancer treatment and care, over 80% of child
hood cancer patients in Europe can expect 5-year survival.1,2

Consequently, the number of childhood cancer survivors (CCS) 
has been increasing worldwide over the last decades.3 Currently, 
there are over 500 000 CCS living in Europe. However, a large pro
portion of CCS has to deal with chronic health conditions as a con
sequence of their cancer and its treatment.4 These disorders may 
persist after the end of cancer therapy or appear with a latency 
of several months to years after completion of cancer therapy 
(long-term or late effects, respectively). Furthermore, they contrib
ute to CCS’ elevated late mortality risk, mainly driven by second 
malignant neoplasms as well as nonmalignant conditions such 
as cardiovascular or pulmonary diseases.5 The occurrence of long- 
term or late effects depends largely on cancer type and treatment 
exposure, but individual risk factors such as age at exposure, pre
existing conditions, and genetic predispositions, among others, 
modify the survivor’s risk. As early diagnosis and treatment of 
late effects may result in better outcomes, several guidelines rec
ommend risk-adapted screening as part of regular long-term 
follow-up.6,7

Endocrine diseases are among the most frequently reported 
late effects in CCS and affect up to 50% of survivors.8 The most 
frequently reported endocrine conditions include primary hypo
thyroidism, hypothalamic-pituitary dysfunction, gonadal dys
function, and diabetes mellitus.9 Their occurrence is largely 
determined by exposure to radiotherapy (RT) and/or alkylating 
agent chemotherapy as the most relevant risk factors for endo
crine sequelae.10 Consequently, survivors of several childhood 
cancer types are particularly at risk and should be regularly 
screened to facilitate early detection of potential late effects.11,12

Identification of vulnerable populations might help to improve 
completion of recommended screening among those most prone 
to develop endocrine late effects, considering limited access to 
surveillance examinations and specialized long-term follow-up 
clinics.13

The German Childhood Cancer Registry (GCCR) was estab
lished in 1980 and currently monitors all incident cases of malig
nant and selected nonmalignant diseases diagnosed in children 
and adolescents aged 0 to 17 years in Germany. The case regis
tration process is based on voluntary reporting by all pediatric 
hematology-oncology units in Germany, with a high level of com
pleteness of registration estimated for children aged 0-14 years 
at over 95%.14

In the present study, we quantitatively investigated the occur
rence of endocrine and metabolic late effects for the first time in 

a large, unselected cohort of 5-year CCS registered in the GCCR 
and compared the frequency of these outcomes to that of the 
general population using claims data from German statutory 
health insurances (SHI). This analysis is part of the VersKiK study 
(long-term care, care needs, and wellbeing of individuals after 
cancer in childhood or adolescence).15,16

Materials and methods
Study design
Briefly, VersKiK is a retrospective registry-based cohort study 
that combined data of patients with childhood or adolescent 
cancer recorded in the GCCR with claims data of 13 major 
SHIs. The monitored SHI-insurance period covered the years 
2017-2021. A randomly selected comparison group of insured in
dividuals from the same SHIs was individually matched in a 1:3 
ratio to former cancer patients according to year of birth, sex, re
gion of residence, and insurance coverage.

Selection of subjects, available data
The VersKiK study included children and adolescents diagnosed with 
a neoplastic disease, as defined by the International Classification of 
Childhood Cancer (ICCC-3), between 1991 and 2021. According 
to GCCR-registration criteria, patients were under 15 years of age 
at first diagnosis (until 2008) or under 18 years of age (since 2009), 
respectively, and residents in Germany. Patients eligible for the 
study population had to be alive on January, 1, 2017 (start of the in
surance period for which claims data are available for VersKiK). 
Overall, 49 624 patients met these criteria.

To identify these patients in the pool of the insured persons of 
the 13 participating SHI (study population), the encrypted GCCR 
identity data were stochastically linked with the encrypted iden
tity data from the SHIs. Details on the linkage procedure are de
scribed elsewhere.17 No relevant differences were found between 
the study population and the former patients who were not iden
tified in SHI records with regard to attained age, sex, primary 
cancer diagnosis, and year of diagnosis.17 For the 26 127 former 
childhood cancer patients identified in SHI records, both claims 
data (in- and outpatient diagnoses, utilization of outpatient med
ical services, hospitalizations, and medication prescriptions) and 
GCCR-based information on type of primary cancer, year of diag
nosis, sex, year of birth, and current region of residence were an
alyzed. To study the frequency of endocrine and metabolic late 
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effects, we analyzed data of patients recorded in the GCCR who 
survived at least 5 years after the primary cancer diagnosis at the 
start of the observation period (January 2017). Furthermore, we 
selected the patients with continuous insurance coverage from 
January 2017 until the end of the monitored insurance period 
(December 2021) or date of death, whichever occurred first. 
This analysis group comprised 11 863 five-year survivors. 
Details of the inclusion and exclusion criteria and the derivation 
of the final data analysis file of the study are presented in 
Figure 1. From the pool of insured individuals without a docu
mented history of childhood cancer who were alive on the day 
of the data extraction, we selected a 1:3 matched comparison 
population of 35 589 insured persons.

Data analysis
The primary study outcomes were the frequencies of the following 
endocrine and metabolic diseases recorded between January, 
2017 and December, 2021 in SHI claims data according to the 
International Classification of Diseases (ICD-10): thyroid cancer, 
hypothyroidism, hyperthyroidism, thyroiditis, nontoxic goiter, 
hypoparathyroidism, hyperparathyroidism, hypopituitarism, dis
orders of adrenal gland, ovarian dysfunctions, testicular dysfunc
tions, disorders of puberty, diabetes mellitus type 1, diabetes 
mellitus type 2, and obesity (Table S1). The study outcomes 
were selected based on current knowledge in the medical litera
ture of potential endocrine and metabolic late effects following 
childhood cancer. For example, hereditary conditions such as con
genital adrenal hyperplasia, and acquired conditions with no 
documented association with cancer treatment, such as 
Cushing’s disease, were excluded (Table S2). For this analysis, eli
gible outcomes were defined as diagnoses recorded at least once 
in 2 or more quarter-year periods during the insurance period.18

We calculated absolute and relative frequencies of outcomes for 
the 5-year CCS and for the persons of the matched comparison 
group. To assess patterns across different subpopulations, we strati
fied frequencies by sex and attained age (which is age at the begin
ning of the observation period). We also calculated the frequencies 
of endocrine and metabolic diseases for CCS according to primary 
cancer diagnosis, and follow-up period, which is the time interval 
from diagnosis to the start of the monitored insurance period. We 
descriptively compared the frequencies of the 2 groups by estimat
ing the ratios of the relative frequencies (RF) (prevalence ratio (PR) 
= RFpatient/RFcomparison), and their 95% confidence intervals (95% 
CI), by using binomial conditional log-linear regression models. 
Confidence intervals were estimated according to the Wald method.

Several approaches to assess the cumulative burden of chronic 
health impairments in CCS have been proposed in the literature, 
often based on the mean cumulative count (MCC) method, which 
accounts for multiple events during follow-up.4,19 Investigators 
from the St. Jude Lifetime Cohort Study derived their MCC ana
lyses using Common Terminology Criteria for Adverse Events se
verity grading, which requires detailed clinical information that 
was unfortunately not available for our cohort. We therefore ap
plied the approach proposed by the investigators of the Dutch 
Childhood Cancer Survivor Study, who calculated cumulative bur
den using the MCC method interpreted as the average number of 
outcomes per CCS or control up to a specific time point (end of the 
monitored insurance period: December, 31, 2021).19

Results
The CCS cohort included 11 863 five-year survivors diagnosed 
with primary childhood cancer during 1991-2011 and surviving 
until 2017 (earliest available insurance data). These persons 
were more likely to be male than female (55.9% and 44.1%, 

Figure 1 Flowchart outlining the identification of the study cohort of 5-year childhood cancer survivors.
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respectively) and the largest subgroup was leukemia patients 
(29.5%). On January, 1, 2017, the mean age was 21.1 years 
(range: 5-40 years) and the mean time since cancer diagnosis 
was 14.6 years. At the end of the insurance period (December, 
31, 2021), 98.5% of the persons were alive (Table 1).

Table 2 presents the frequency of any endocrine and metabol
ic disease among CCS and persons of the comparison group with
out a history of childhood cancer. At least one disease was 
recorded in 31.3% (n = 3716) of CCS and in 16.4% (n = 5819) of 
the comparison group (PR = 1.9; 95% CI: 1.8-2.0). The frequency 
of males with at least one disease was 26.9% among CCS and 
11.2% for the comparison group (PR = 2.4; 95% CI: 2.3-2.5). For 
females, the frequency was 36.9% and 22.9%, respectively (PR 
= 1.6; 95% CI: 1.5-1.7). The frequency of diseases increased 
steadily in both groups with increasing attained age. However, 
the corresponding PR decreased from 2.3 for persons aged 5 < 
10 years to 1.6 for those aged >30 years in January 2017. 
Among CCS, the frequency of diseases increased with increasing 
time since cancer diagnosis (0.50% per year).

At least 2 different endocrine and metabolic diseases were di
agnosed in 13.5% of CCS and more than 2 different diseases in 
5.6% of them (4.3% and 1.2% for the comparison group, respect
ively). Figure 2 shows the frequency of the cumulative number of 
outcomes in both groups.

The mean number of outcomes was 2.4-fold higher among sur
vivors than among the comparison group: 0.53 (95% CI: 
0.52-0.55) and 0.22 (95% CI: 0.22-0.23), respectively. In both 
groups, this number was higher for females than for males: 
0.65 (95% CI: 0.62-0.68) and 0.44 (95% CI: 0.42-0.46), respectively, 
for survivors, and 0.33 (95% CI: 0.32-0.34) and 0.14 (95% CI: 
0.13-0.15) for the comparison group. We also estimated an aver
age increase in the number of outcomes for each year of age of 
0.016 for survivors and 0.011 for the comparison group.

The frequency of specific endocrine and metabolic diseases in 
the study population is presented in Table 3. Among CCS, the fre
quency was higher in females than in males, with the exception of 
hyperparathyroidism. Among persons of the comparison group, 
the frequency of thyroid diseases for females was more than 3 
times as high as for males, thereby resulting in PRs for these dis
orders being more than double among males compared to fe
males. Except for hypopituitarism, disorders of puberty, and DM 
type 1, the frequency of specific diseases among CCS increased 
with attained age. The highest frequency was observed for hypo
thyroidism: 15.85% compared to 5.99% among the matched com
parisons (PR = 2.6; 95% CI: 2.5-2.8). Hypoparathyroidism was 

Table 1 Basic characteristics of the study cohort of 5-year 
childhood cancer survivors (cancer diagnosis 1991-2011).

Characteristic

Sex: N (%)
Female 5236 (44.1)
Male 6627 (55.9)

Primary cancer diagnosis (ICCC3 Class): N (%)
Acute lymphoid leukemia (I(a)) 3459 (29.5)
Acute myeloid leukemia (I(b)) 478 (4.0)
Hodgkin lymphoma (II(a)) 669 (5.6)
Non-Hodgkin lymphoma (II(b-c)) 825 (7.0)
Tumor of central nervous system (III(a-g)) 2413 (20.3)
Neuroblastoma (IV(a-b)) 789 (6.7)
Renal tumor (VI(a-b)) 758 (6.4)
Bone tumor (VIII(a-e)) 466 (4.0)
Soft tissue sarcoma (IX(a-e)) 618 (5.2)
Intracranial germ cell tumor ((X(a))) 120 (1.0)
Other diagnosesa 1268 (10.7)

Age at January, 1, 2017b (years): mean (range) 21.1 (5-40)
Time since cancer diagnosis until January, 1, 2017 

(years): mean (range)
14.6 (5-25)

Vital status on December, 31, 2021: N (%)
Alive 11 681 (98.5)
Deceased in 2017-2021 182 (1.5)

Total: N (%) 11 863 (100)

aIncluding: unspecified lymphomas, unspecified malignant renal tumors, 
tumors of liver, malignant extracranial, gonadal and extragonadal germ cell 
tumors, malignant epithelial neoplasms and malignant melanomas, and other 
and unspecified malignant neoplasms.
bStart date of the claims-based insurance period for monitoring health and 
health care utilization outcomes (January, 1, 2017-December, 31, 2021).

Table 2 Frequency of any endocrine and metabolic disordera in the study cohort of childhood cancer survivors (year of 
diagnosis: 1991-2011) and comparison group.

Characteristic Survivors Comp. group PR (95% CI)

Overall, n; % 3716/11 863; 31.3 5819/35 589; 16.4 1.9 (1.8-2.0)
Age at January, 1, 2017, n; %

5 < 10 years 174/785; 21.9 227/2385; 9.5 2.3 (1.9-2.8)
10 < 20 years 1218/4489; 27.1 1729/13 623; 12.7 2.1 (2.0-2.3)
20 < 30 years 1744/5118; 34.1 2747/15 164; 18.1 1.9 (1.8-2.0)
≥30 years 580/1461; 39.7 1116/4417; 25.3 1.6 (1.4-1.7)

Sex, n; %
Male 1785/6627; 26.9 2222/19 869; 11.2 2.4 (2.3-2.5)
Female 1931/5236; 36.9 3597/15 720; 22.9 1.6 (1.5-1.7)

Follow-up periodb, mean frequency increase per year (SE) 0.50 (0.05) — —

Abbreviations: CI, confidence interval; PR, prevalence ratio; SE, standard error.
aAt least one recorded diagnosis repeated in at least 2 different quarters during the observation period (2017-2021).
bTime since cancer diagnosis until January, 1, 2017.
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present in our study population with a low frequency, both in CCS 
(0.33%) and the comparison group (0.02%). The frequency of thy
roid cancer as a subsequent neoplasm was 1.47% among CCS and 
0.03% as a primary diagnosis in the comparison group (PR = 43.5; 
95% CI: 24.2-78.1). Also, a high PR was observed for hypopituitar
ism (PR = 35.0; 95% CI: 26.8-45.7).

Table 4 presents the frequency of endocrine disorders among 
CCS according to childhood cancer type and time since first can
cer diagnosis. High frequencies were found among CCS with 
intracranial germ-cell tumors, Hodgkin lymphoma, or tumors 
of the central nervous system. Among CCS with a diagnosis of 
an intracranial germ-cell tumors, we observed high prevalence 
for hypothyroidism (36.7%), hypopituitarism (55.0%), disorders 
of the adrenal gland (10.0%), and ovarian and testicular dysfunc
tions (9.1% and 11.8%, respectively). The frequency of hypothy
roidism and nontoxic goiter among CCS with Hodgkin lymphoma 
was 34.8% and 20.3%, respectively. Among CCS with tumors of 
the central nervous system, the frequencies of hypothyroidism 
(23.4%), hypopituitarism (17.5%), disorders of the adrenal gland 
(2.4%), testicular dysfunctions (5.5%), and disorders of puberty 
(2.4%) were considerably increased when compared with the 
corresponding frequencies in the overall CCS cohort. The fre
quency of nontoxic goiter and hypothyroidism increased with 
time since cancer diagnosis (0.41 and 0.30 per year, respectively).

Discussion
In the present study, we report a consistently high prevalence of 
endocrine and metabolic disorders in 11 863 CCS, with about out 
of 3 survivors (31.3%) affected by at least one endocrine or meta
bolic disorder. This is almost twice as many as documented in 
the control group, indicating a substantially higher vulnerability 
as late effects of the disease and/or its therapy. Also, the risk for 

these conditions increased with increasing attained age, high
lighting the need for continued open-ended surveillance during 
the survivorship trajectory.

Our results are in line with previously published studies mainly 
performed in the slightly older North American CCS cohort (mean 
age: 32 years) revealing a self-reported prevalence of 1 endocrin
opathy in 44%, 2 in 16.7%, and 3 or more in 6.6% of the survivors 
(in our cohort: mean age 21.1 years, 31.3%, 13.5%, and 5.6%, 
respectively).20

The most frequent endocrine disorders reported in our cohort 
were thyroid disorders, especially hypothyroidism, which af
fected over 20% of CCS by the age of 30 years or older, and non
toxic goiter, which affected more than 11% of them. Although 
thyroid disorders account for the majority of endocrine condi
tions in the general population as well, there was still a more 
than doubled risk after being diagnosed with childhood cancer 
versus the comparison group (hypothyroidism: PR = 2.6, hyper
thyroidism: PR = 2.2, nontoxic goiter: PR = 2.3) and was most 
pronounced in survivors of Hodgkin lymphoma (frequency of 
hypothyroidism: 34.83%, frequency of nontoxic goiter: 20.33%).

Intriguingly, we observed a higher PR for thyroid and parathy
roid disorders among males than females. While several previous 
studies have reported gender-related differences in the occur
rence of endocrine late effects, these differences were often at
tributed to varying rates of gonadal insufficiencies.21 Some 
studies also showed a higher risk for thyroid disorders in female 
CCS.22 However, the methodologies of earlier studies were 
heterogeneous, frequently relying on self-reported data or 
single-point clinical assessments, potentially limiting their com
parability. Furthermore, findings from non-European popula
tions—particularly those from North America and Canada—are 
only partially generalizable to the European context, given the 
differing baseline prevalences of endocrine disorders in the 
general population.

Hyperparathyroidism constitutes a rare sequela of cervical RT 
exposure, typically manifesting after RT exposure with a long la
tency.13 In our cohort, however, we already observed a high 
prevalence of hyperparathyroidism in younger survivors with 
possible implications for long-term surveillance. Interestingly, 
0.33% of CCS were affected by hypoparathyroidism with a PR 
of over 14 compared to the general population, which has previ
ously not been described in CCS. Consequently, we performed a 
sub-cohort analysis revealing two-thirds of these patients were 
also affected by thyroid cancer, thus rendering hypoparathyroid
ism, a typical complication of thyroid cancer surgery, an indirect 
consequence of childhood cancer treatment as a risk to develop
ing thyroid cancer. Thyroid cancer itself showed the most pro
nounced risk elevation with a PR of 43.5 when compared to 
non-childhood cancer controls. Considering the long-term con
sequences of this disease and thyroidectomy, in some cases 
with concomitant hypoparathyroidism, performed as the stand
ard treatment, awareness of this late effect typically occurring 
after RT exposure of the thyroid gland is essential. Optimal sur
veillance strategies for this late effect are still under debate, ran
ging from counseling to neck palpation or periodic thyroid 
ultrasound, recognizing both benefits and harms (of overdiagno
sis and overtreatment) for this subsequent cancer generally asso
ciated with a good long-term prognosis.11,23

The second most pronounced risk in 5-year survivors compared 
to the general population was observed for hypopituitarism 

Figure 2 Frequency of the number of endocrine and metabolic diseases 
in the study cohort of 5-year childhood cancer survivors and the 
comparison group.
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Table 3 Frequency of specific endocrine and metabolic disordersa in the study cohort of childhood cancer survivors (year of 
diagnosis: 1991-2011) and the comparison group.

Disorder 
ICD-10 Code

Characteristic Survivors  
(n = 11 863) 

%

Comp. group  
(n = 35 589) 

%

PR (95% CI)

Thyroid cancer C73 Overall 1.47 0.03 43.5 (24.2-78.1)
Age at January, 1, 
2017

5 < 10 years 0.38 0 —
10 < 20 years 1.00 0.01 68.3 (16.6-281.4)
20 < 30 years 1.84 0.04 46.4 (20.3-105.9)
≥30 years 2.19 0.09 24.2 (8.6-68.3)

Sex
Male 1.15 0.02 76.0 (24.0-240.7)
Female 1.87 0.06 32.7 (16.6-64.7)

Hypothyroidism 
E03.2/4/8/9, E89.0

Overall 15.85 5.99 2.6 (2.5-2.8)
Age at January, 1, 
2017

5 < 10 years 8.18 0.67 12.2 (7.1-20.9)
10 < 20 years 12.72 3.99 3.2 (2.9-3.6)
20 < 30 years 18.33 7.39 2.5 (2.3-2.7)
≥30 years 20.94 10.26 2.0 (1.8-2.3)

Sex
Male 13.14 2.85 4.6 (4.2-5.1)
Female 19.27 9.96 1.9 (1.8-2.1)

Hyperthyroidism 
E05

Overall 1.58 0.73 2.2 (1.8-2.6)
Age at January, 1, 
2017

5 < 10 years 0.13 0.04 3.0 (0.2-47.9)
10 < 20 years 1.16 0.35 3.3 (2.2-4.9)
20 < 30 years 1.91 0.92 2.1 (81.6-2.7)
≥30 years 2.53 1.61 1.6 (1.1-2.3)

Sex
Male 1.10 0.27 4.1 (2.9-5.8)
Female 2.20 1.30 1.7 (1.3-2.1)

Thyroiditis 
E06

Overall 2.98 2.18 1.4 (1.2-1.5)
Age at January, 1, 
2017

5 < 10 years 0.88 0.34 2.6 (1.0-7.2)
10 < 20 years 2.16 1.24 1.7 (1.4-2.2)
20 < 30 years 3.46 2.69 1.3 (1.1-1.5)
≥30 years 4.93 4.32 1.1 (0.9-1.5)

Sex
Male 1.66 0.67 2.5 (1.9-3.2)
Female 4.64 4.09 1.1 (1.0-1.3)

Nontoxic goiter, other iodine-deficiency-related thyroid 
disorders 

E04, E01.8

Overall 6.10 2.64 2.3 (2.1-2.5)
Age at January, 1, 
2017

5 < 10 years 1.01 0.29 3.4 (1.2-9.4)
10 < 20 years 4.14 1.45 2.9 (2.4-3.5)
20 < 30 years 7.11 3.11 2.3 (2.0-2.6)
≥30 years 11.36 6.00 1.9 (1.6-2.3)

Sex
Male 4.68 1.23 3.8 (3.2-4.5)
Female 7.91 4.43 1.8 (1.6-2.0)

(continued)
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Table 3 Continued

Disorder 
ICD-10 Code

Characteristic Survivors  
(n = 11 863) 

%

Comp. group  
(n = 35 589) 

%

PR (95% CI)

Hypoparathyroidism 
E20.0/8/9, E89.2

Overall 0.33 0.02 14.6 (6.8-31.3)
Age at January, 1, 
2017

5 < 10 years 0 0 —
10 < 20 years 0.25 0.01 33.4 (4.3-258.5)
20 < 30 years 0.41 0.04 10.4 (4.2-25.7)
≥30 years 0.48 0.02 21.2 (2.6-171.9)

Sex
Male 0.23 0.01 22.5 (5.1-98.3)
Female 0.46 0.04 12.0 (4.9-29.4)

Hyperparathyroidism 
E21.0/1/2/3

Overall 0.46 0.06 7.2 (4.4-11.7)
Age at January, 1, 
2017

5 < 10 years 0.13 0 —
10 < 20 years 0.29 0.04 7.9 (2.8-22.1)
20 < 30 years 0.53 0.08 6.7 (3.4-13.1)
≥30 years 0.96 0.14 7.1 (2.7-18.3)

Sex
Male 0.47 0.06 8.4 (4.2-16.8)
Female 0.46 0.08 6.0 (3.0-12.0)

Hypopituitarism 
E23.0/1/2/3, E89.3

Overall 5.71 0.16 35.0 (26.8-45.7)
Age at January, 1, 
2017

5 < 10 years 4.28 0.13 34.0 (10.5-110.4)
10 < 20 years 6.01 0.21 28.3 (19.3-41.4)
20 < 30 years 5.98 0.13 47.7 (30.1-75.8)
≥30 years 4.59 0.16 28.9 (13.3-62.9)

Sex
Male 5.61 0.17 34.9 (24.3-50.0)
Female 5.83 0.16 35.2 (23.6-52.5)

Disorder of adrenal gland 
E27.1/4, E89.6

Overall 0.81 0.04 22.2 (12.4-39.5)
Age at January, 1, 
2017

5 < 10 years 0.13 0 —
10 < 20 years 0.76 0.05 14.7 (6.5-33.2)
20 < 30 years 0.92 0.03 34.8 (12.6-96.6)
≥30 years 0.96 0.05 22.2 (4.8-93.0)

Sex
Male 0.71 0.04 20.1 (9.1-44.5)
Female 0.94 0.04 24.5 (10.5-57.2)

Ovarian dysfunction, postprocedural ovarian failure E28.3, 
E89.4

Overall 3.48 0.17 21.0 (14.0-31.7)
Age at January, 1, 
2017

5 < 10 years 1.33 0 —
10 < 20 years 3.62 0.10 35.1 (15.3-80.7)
20 < 30 years 3.53 0.21 16.9 (9.6-29.8)
≥30 years 4.06 0.29 14.0 (5.8-33.7)

Testicular dysfunction, postprocedural testicular 
hypofunction E29.1, E89.5

Overall 3.02 0.20 15.0 (16.7-21.0)
Age at January, 1, 
2017

5 < 10 years 0.48 0.16 3.0 (0.4-21.3)
10 < 20 years 2.66 0.15 17.3 (9.4-31.9)
20 < 30 years 3.51 0.25 14.1 (8.8-22.6)

(continued)
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(PR = 35), typically occurring in brain tumor survivors and those 
exposed to cranial RT, consistent with results from former stud
ies.24 However, as most hypothalamic-pituitary insufficiencies pre
sent with nonspecific symptoms, they are likely to be overlooked if 
no appropriate diagnostics are initiated. In this context, a possible 
mix-up in diagnosis between primary and central adrenal insuffi
ciency at the documentation level cannot be excluded, as primary 
adrenal insufficiency, although reported to occur more frequently 

in CCS in our analysis, is currently not known as a common late 
effect of cancer treatment.

Furthermore, when compared with the general population, a 
relevant share of CCS was affected by hypogonadism (ovarian 
and testicular dysfunction: PR = 21.0 and PR = 15.0, respectively) 
and puberty disorders, present in survivors of both sexes and al
ready at a younger age, highlighting the need for screening and 
awareness of these sequelae as adequate treatment contributes, 

Table 3 Continued

Disorder 
ICD-10 Code

Characteristic Survivors  
(n = 11 863) 

%

Comp. group  
(n = 35 589) 

%

PR (95% CI)

≥30 years 3.76 0.21 17.7 (6.9-45.5)
Disorders of puberty 
E22.8, E30

Overall 1.09 0.08 14.3 (9.5-21.7)
Age at January, 1, 
2017

5 < 10 years 2.01 0.25 8.0 (3.1-20.4)
10 < 20 years 2.16 0.15 14.7 (9.1-23.8)
20 < 30 years 0.27 0.01 41.5 (5.5-315.4)
≥30 years 0.14 0 —

Sex
Male 0.92 0.07 14.1 (7.7-25.6)
Female 1.30 0.09 14.6 (8.2-25.9)

Diabetes mellitus, type 1 
E10

Overall 0.89 0.60 1.5 (1.2-1.9)
Age at January, 1, 
2017

5 < 10 years 0.38 0.46 0.8 (0.2-2.9)
10 < 20 years 0.56 0.61 0.9 (0.6-1.4)
20 < 30 years 1.27 0.56 2.3 (1.6-3.1)
≥30 years 0.89 0.79 1.1 (0.6-2.1)

Sex
Male 0.89 0.62 1.4 (1.0-1.9)
Female 0.90 0.57 1.6 (1.1-2.2)

Diabetes mellitus, type 2 
E11

Overall 2.12 0.79 2.7 (2.3-3.2)
Age at January, 1, 
2017

5 < 10 years 0.38 0.04 9.0 (0.9-84.4)
10 < 20 years 0.91 0.31 3.0 (1.9-4.5)
20 < 30 years 2.89 0.90 3.2 (2.5-4.0)
≥30 years 4.04 2.26 1.8 (1.3-2.4)

Sex
Male 1.77 0.68 2.6 (2.0-3.3)
Female 2.56 0.92 2.8 (2.2-3.5)

Obesity 
E66

Overall 10.71 8.69 1.2 (1.2-1.3)
Age at January, 1, 
2017

5 < 10 years 8.93 7.88 1.1 (0.9-1.5)
10 < 20 years 9.56 7.46 1.3 (1.2-1.4)
20 < 30 years 11.27 9.01 1.3 (1.1-1.4)
≥30 years 13.21 11.82 1.1 (1.0-1.3)

Sex
Male 8.93 7.02 1.3 (1.2-1.4)
Female 12.95 10.80 1.2 (1.1-1.3)

Abbreviations: CI, confidence interval; Comp., comparison; PR, prevalence ratio.
aAt least one recorded diagnosis repeated in at least 2 different quarters during the observation period (2017-2021).
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among others, to improved bone health. Reduced bone mineral 
density represents a common late effect of cancer treatment that 
may deteriorate further if endocrine dysfunctions such as hypo
gonadism or growth hormone deficiency remain untreated.25 In 
our cohort, the prevalence of bone diseases was very low due 
to the relatively young age of the individuals.

Metabolic disorders are common and generally rising in CCS as 
well as in the general population. They contribute to an in
creased cardiovascular risk and are an important target of pre
ventive measures and interventions in this at-risk population.5

In our cohort, we report a PR = 2.7 (95% CI: 2.3-3.2) for diabetes 
mellitus (DM) type 2 with a prevalence of 4% in CCS at the age of 
30 years or older. These results are in good agreement with those 
of Bolier et al., who recently reported a 3-fold increased risk of 
DM in an older CCS cohort (median age 34.7 years), emphasizing 
the need for early intervention to support metabolic health.26

Endocrine and metabolic disorders are among the most com
mon late effects of cancer and are generally amenable to treat
ment. However, many of these conditions present with 
nonspecific or even a lack of symptoms at the beginning, often 
resulting in delayed diagnosis and treatment, which contributes 
to a reduced quality of life and adverse long-term outcomes in 
CCS.8,27 Furthermore, these conditions might elevate the risk 
for subsequent conditions that seriously affect survivors’ long- 
term prognosis, such as cardiovascular disorders.5 Dixon et al. 
stated that the promotion of risk reduction for CCS across their 
lifespan includes, amongst others, early detection of anticipated 
late effects of cancer treatment and prevention and control of 
modifiable cardiovascular risk factors such as metabolic late ef
fects (especially diabetes mellitus and obesity). Consequently, 
numerous guidelines emphasize periodic screening for endo
crine and metabolic late effects in at-risk CCS; however, adher
ence to these guideline recommendations is low, contributing 
to a continued high number of affected individuals receiving sub
optimal treatment.27 Identifying vulnerable populations to be 
counseled about long-term follow-up recommendations and to 
be addressed in clinical practice might improve endocrine and 
metabolic outcomes in CCS and thus contribute to better long- 
term health.

The increased vulnerability to metabolic diseases in younger 
CCS reported in this study suggests that these survivors are at 
risk of premature aging, resulting in an earlier occurrence of 
age-related diseases than in the general population in the 
same age group. Considering the young mean age of 21 years 
in our study cohort, this translates to a high burden of metabolic 
late effects and emphasizes the need for tailored risk-based 
screening for these disorders already beginning in adolescent 
and young adult CCS.

Our study provides important new insights, as it confirms find
ings from smaller or more selected cohorts in a large, unselected 
population of CCS with diverse cancer types and very long follow- 
up. This underscores the need for continuous monitoring of 
endocrine function after childhood cancer, a practice that is still 
not implemented consistently.

Strengths and limitations
Due to the involvement of a large number of SHIs, this study is 
based on a nationwide representative population of childhood 

and adolescent cancer survivors in Germany, allowing for high 
generalizability of the results to other populations with similar 
characteristics. The relevance of the findings is high as our study 
included an unselected cohort of survivors of all childhood cancer 
entities (as defined by the IARC) combined with data from the gen
eral non-childhood cancer population based on SHI record data 
representing medically confirmed diagnoses rather than self- 
reported outcomes. The large number allows us to focus on 
multiple rather than only one or a few endocrine or metabolic 
late effects as well as study rare endocrine diseases. Notably, there 
is no information available on the utilization of Long-Term 
Follow-Up programs in our cohort. The true incidence of asymp
tomatic endocrine or metabolic late effects may thus be even high
er than reported in our cohort. However, similar underdiagnoses or 
delayed diagnoses would likely apply to the comparison group too.

Our study has some limitations. First, our study included only 
CCS who had survived until at least 2017. This is associated with 
a survivor bias: CCS who died before 2017 were not eligible for 
an assessment of their late sequelae. Analyzing just a limited fixed 
follow-up period also prevents disentangling the trends by at
tained age and time since diagnosis. Second, the VersKiK project 
was based on claims data from 13 SHIs. Private insurance com
panies with a relatively larger proportion of high-income persons, 
but covering only about 8% of the general population, did not con
tribute data to the project. Third, the SHI insurance period covered 
the years between 2017 and 2021, as defined according to the lat
est available SHI data, allowed for the assessment of the burden of 
late effects by prevalence, but did not allow an estimation of inci
dence. Fourth, our results may, to some extent, have been influ
enced by better medical surveillance of survivors compared to 
the control population. However, over time, the intensity of med
ical surveillance tends to decrease in survivors and, as a result, the 
difference compared to the control group would also decrease. 
Since our study includes 5-year survivors, the period of insurance 
coverage during which surveillance bias may have had the stron
gest influence was excluded. Finally, due to the lack of information 
on the therapies of survivors, it was not possible to analyze the fre
quency of endocrine and metabolic diseases according to factors 
related to types and doses of treatments.

In conclusion, the results of the present study highlight the in
creased vulnerability of CCS to early-onset endocrine and meta
bolic diseases compared to the general population due to the 
long-term effects of cancer and/or its treatment. Our findings 
underscore the clinical relevance of increased awareness among 
healthcare providers regarding endocrine morbidity in CCS, em
phasizing the need for gender-specific, risk-adapted long-term 
follow-up strategies and the importance of early screening of 
these survivors from a young age.
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