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ABSTRACT

Background: Adolescents with chronic diseases are shown to be vulnerable for risky sexual behavior.
Childhood cancer patients seem to engage in risky health behaviors as frequently as general popula-
tion, but little is known about sexual issues in this group of patients.

Material and methods: We characterized the risk for sexually transmitted diseases (STD) in a Finnish
population-based cohort of over 6,000 childhood cancer patients diagnosed with cancer under the
age of 20years between 1971 and 2009, compared with over 30,000 age- and sex -matched popula-
tion comparisons. The data were constructed through linkage between national cancer, population,
infectious diseases, and hospital discharge registries. We estimated hazard ratios (HRs) with 95% confi-
dence intervals (Cls) using Cox regression modeling with attained age as the underlying time scale.
Results: Childhood cancer patients had a decreased risk for having an infection with chlamydia, the
most common STD in our cohort, when comparing with population comparisons (HR 0.77, 95% ClI
0.69-0.86). The risk was lowest among male patients (HR 0.64, 95% Cl 0.53-0.79) and patients with
central nervous system (CNS) tumors (HR 0.46, 95% Cl 0.33-0.63). The overall risk for cervical dysplasia
was slightly increased among female cancer patients when compared with their population compari-
sons (HR 1.28, 95% Cl 1.02-1.60). Greatest risk elevation was found among patients diagnosed with
cancer in ages 10-14years (HR 2.31, 95% Cl 1.46-3.65) and patients with lymphoma (HR 1.95, 95% ClI
1.20-3.16). The risk for all explored outcomes seemed to be decreased among patients with
CNS tumors.

Conclusions: Our findings highlight the importance of integrating sexual issues as a part of psycho-
social support and having a systematic transition program in the follow-up care of childhood can-
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cer patients.

Background

About 200 children and adolescents under the age of
20years are diagnosed with cancer in Finland annually. With
modern treatment protocols, most of the children with can-
cer reach adulthood. Through last decades the 5-year sur-
vival rate has increased up over 85% [1-3].

Adolescents and young adults are in a phase of major
psychosocial development. This period aims at building inde-
pendence from the childhood family, achieving education,
forming a healthy body image and self-esteem, and estab-
lishing a sexual identity. Having a chronic disease such as
cancer at this point of life or even earlier, may disturb these
developmental processes [4].

Risky sexual behavior is defined as sexual behavior that
places one at risk for contraction of infection or unintended

pregnancy [5]. This type of behavior is most common among
adolescents and young adults [6,7]. A questionnaire-based
study from North America suggested that teenagers with a
chronic condition were more likely to have a sexually trans-
mitted disease (STD) compared to peers [8].

Previous research on risky sexual behavior in childhood
cancer patients is scarce. No difference has been found
between patients and siblings engaging in risky sexual
behavior but certain risk factors have been detected in 5-
year cancer survivors diagnosed at early years of childhood
[9,10]. To our knowledge, there are no previous studies
exploring STDs among childhood cancer patients in a regis-
try-based setting.

We aimed to study the hazard of sexually transmitted dis-
eases in childhood cancer patients and compare that to
population comparisons.
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Material and methods
Study design and population

We conducted a nationwide cohort study based on Finnish
registry data. Our study included all patients (n = 8,080) diag-
nosed with cancer in Finland before the age of 20years
between 1971 and 2009 and age- and sex-matched popula-
tion comparisons, who were alive and without childhood
cancer on the date of cancer diagnosis of the corresponding
patient (1:5 ratio, n =40,393). After sampling, there were two
cancer patients with less than five comparison subjects, i.e.,
seven comparisons less than optimal (Supplementary figure
1). Cancer patients were identified from the Finnish Cancer
Registry including national population-based information on
all cancer diagnoses since 1953. Reporting new cancer cases
to the national cancer registry is obligatory in Finland and
the coverage of the registry is high [11-13].

Cancer patients and population comparisons were identi-
fied from the Digital and Population Data Services Agency of
Finland, formerly known as Population Register Center of
Finland, founded in 1969 [14]. Finland has a civil registration
system with various national population-based administrative
registries providing individual level information on a variety
of outcomes such as cancer, infectious diseases, and socioe-
conomic data [14]. Every Finnish citizen is assigned a unique
personal identity code that is used in all national registries,
enabling accurate linkage of information between registries.

All subjects who had died or emigrated prior to the start
of follow-up were left out from the analyses (1,847 cancer
patients and their 9,232 matched comparisons, and 307 com-
parison subjects in analyses regarding the National Infectious
Disease Register (NIDR) and 1,390 cancer patients and their
6,947 matched comparisons, and 194 comparison subjects in
analyses regarding the Care Register for Health Care (CRHQ)).
Cancer patients (n=15) diagnosed with an STD in either of
the registers before cancer diagnosis were excluded, similarly
were the matched comparisons (n = 75). Comparison subjects
(h=75) diagnosed with an STD before matched patient’s
cancer diagnosis were also excluded. See Supplementary fig-
ure 1 for flow chart. Characteristics of the eligible study
population are displayed in Tables 1 and 2.

Registers

Information on STD's was retrieved from two national regis-
ters held by The National Institute for Health and Welfare:
The National Infectious Disease Register (NIDR) and the Care
Register for Health Care (CRHC). The data on microbes and
diseases have been collected in NIDR since 1995 and is
based on reports made by doctors and laboratories [15]. We
identified the following diseases (the pathogen in cursive):
Chlamydia (Chlamydia trachomatis), syphilis (Treponema pal-
lidum), gonorrhea (Neisseria gonorrhea), hepatitis B virus
(HBV), hepatitis C virus (HCV) and human immunodeficiency
virus (HIV), and the date when the positive laboratory result
was registered.

Secondly, we identified all hospital contacts linked to a
diagnosis of cervical dysplasia (mild, moderate, severe, or

unspecified cervical dysplasia or adenocarcinoma in situ of
cervix uteri) or condyloma from the CRHC. This register
replaced former Finnish Hospital Discharge Register in year
1994 and contains nationwide linkable data on all inpatient
hospital discharges with personal identification code since
1969 and outpatient visits since 1998 [16]. Sexually transmit-
ted infections caused by human papillomavirus (HPV) are not
systematically reported in the NIDR but utilizing data from
the CRHC, we were able to cover also the clinically relevant
cases of HPV related diseases. Information on hospital con-
tacts was gathered from year 1987. Diagnoses were classified
according to the Finnish Classification of Diseases 1987
and10th revision of the International Classification of
Diseases (Supplementary table 1).

Statistical analyses

Follow-up began on date of cancer diagnosis for patients
and on the respective date for comparisons or on the date
the corresponding outcome register data became available,
i.e., since 1st of January 1987 in the CRHC or 1st of January
1995 in NIDR, whichever occurred last. Follow-up ended at
outcome of interest, death, emigration, or the end of follow-
up of the study (31st of December 2014), whichever occurred
first. Matched comparisons were censored if patient’s follow-
up ended due to death or emigration.

We calculated the number of STD’s and person-years at-
risk for patients and comparisons from NIDR and CRHC. We
estimated the incidence rates (per 10,000 person-years) of
STD and hazard ratios (HR) for STD with 95% confidence
intervals (Cls) using Cox regression modeling with attained
age as the underlying time scale. In analyses regarding recur-
rent chlamydia diagnoses, we used Prentice, William, and
Peterson gap-time model, where the baseline hazards vary
from event to event [17,18]. The comparison was made
between patients and comparisons utilizing the matched
sampling of the cohort. The baseline hazard was stratified by
the matched set comprising the patient and individual
comparisons.

We divided the calendar time period of patient’s cancer
diagnosis into  four decades: 1971-1979,1980-1989,
1990-1999 and 2000-2009, and age at cancer diagnosis into
four categories: 0-4, 5-9, 10-14 and 15-19years. This way,
we wanted to consider the similarity of diagnostic distribu-
tion and treatment regimens by calendar period and age.
Cancer diagnoses were classified according to the 12 main
diagnostic groups of the International Classification of
Childhood Cancer (ICCC-3) [19]. Due to the small number of
cases in some diagnostic groups, we analyzed leukemia,
lymphoma and central nervous system (CNS) tumors separ-
ately and combined all other cancer diagnoses into one
group (non-CNS solid tumors).

We present analyses stratified by diagnostic time period,
diagnostic age, cancer site and sex. We conducted separate
analyses for data retrieved from the NIDR and from the
CRHC. Data from the NIDR were separately analyzed for first
and recurrent chlamydia infections and first STD diagnoses
other than chlamydia. Due to scarce data, other STDs could
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Table 1. Basic characteristics of cancer patients and population comparisons, eligible in analyses regarding sexually transmitted diseases (STDs) registered

in the National Infectious Disease Register (NIDR).

Cancer patients (n =6,218)

Population comparisons (n = 30,704)

Characteristics n % n %
Sex
Male 3233 52.0 16003 521
Female 2985 48.0 14701 479
Age at patient’s cancer diagnosis, years
0-4 2036 32.7 10093 329
5-9 1070 17.2 5313 173
10-14 1202 193 5948 194
15-19 1910 30.7 9350 30.5
Period of patient’s cancer diagnosis
1971-1979 675 10.9 3188 10.4
1980-1989 1280 20.6 6303 20.5
1990-1999 2084 335 10393 338
2000-2009 2179 35.0 10820 35.2
Cancer diagnostic groups
Leukemia 1561 25.1 - -
Lymphoma 983 15.8 - -
Central nervous system tumors 1282 20.6 - -
Neuroblastoma and other peripheral cell tumors 261 4.2 - -
Retinoblastoma 125 2.0 - -
Renal tumors 287 4.6 - -
Hepatic tumors 52 0.8 - -
Malignant bone tumors 237 3.8 - -
Soft tissue sarcomas 369 59 - -
Germ-cell, trophoblastic and other gonadal neoplasms 339 55 - -
Other malignant epithelial neoplasms 680 10.9 - -
Other and unspecified malignant neoplasms 42 0.7 - -
Sexually transmitted diseases
Total 359 5.8 2034 6.6
Chlamydia* 295 (349) 4.7 1824 (2318) 5.9
Other STDs
All 64 1.0 210 0.7
Hepatitis B 12 0.2 18 <0.1
Hepatitis C 41 0.7 147 0.5
Syphilis <5 <0.1 10 <0.1
HIV <5 <0.1 6 <0.1
Gonorrhea <5 <0.1 29 <0.1

Median (years)

Range (years) Median (years) Range (years)

Attained age at end of follow-up, years (median, range)

Analyses of chlamydia 28.0

Analyses of other STDs 27.9
Follow-up time, years (median, range)

Analyses of chlamydia 17.0

Analyses of other STDs 16.7
Age at first STD diagnosis

Chlamydia 224

Other STDs 23.8

0.0-63.6 27.6 0.0-63.6
0.0-63.3 275 0.0-63.6
0.0-20.0 16.4 0.0-20.0
0.0-20.0 16.2 0.0-20.0
16.2-51.2 21.9 13.8-51.1
8.2-50.9 243 0.5-49.5

*Number of unique persons with chlamydia, overall number of chlamydia infections in parentheses.

not be analyzed separately. Data from the CRHC were ana-
lyzed separately for condyloma and cervical dysplasia. A sub-
analysis exploring condyloma was conducted for all patients
and comparisons, whereas the sub-analysis exploring cervical
dysplasia was conducted for female patients and female
comparisons only. In analyses regarding data from the CRHC,
we explored the first HPV related diagnosis only.

Statistical analyses were conducted using the statistical
program R version 3.6.2 [20].

Results
The national infectious disease register

In analyses regarding data from NIDR, 6,218 childhood can-
cer patients had a median follow-up of 17.0 and 16.7 years,
and the 30,704 population comparisons had a median

follow-up of 16.4 and 16.2years, when exploring chlamydia
and other STDs, respectively (Table 1). In all, 5.8% (n=359)
of childhood cancer patients and 6.6% (n =2,034) of compar-
isons had at least one STD by the end of follow-up regis-
tered in the NIDR. Chlamydia was the most common STD
registered in the NIDR. Median age at contracting chlamydia
for the first time was 22.4years (range 16.2-51.2years)
among cancer patients and 21.9years (range 13.8-51.1 years)
among population comparisons (Table 1). The age at the
end of follow-up was 28.0 and 27.9years for patients and
27.6 and 27.5years for comparisons, when exploring chla-
mydia and other STDs, respectively (Table 1).

The risk for ever contracting an infection with chlamydia
was statistically significantly decreased in childhood cancer
patients compared with population comparisons (HR 0.79,
95% ClI 0.71-0.88). The results were similar, when looking at
the first chlamydia diagnoses only (HR 0.77, 95% CI
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Table 2. Basic characteristics of cancer patients and population comparisons, eligible in analyses regarding sexually transmitted diseases (STDs) registered

in the Care Register for Health Care (CRHC).

Cancer patients (n =6,675)

Population comparisons (n=33,102)

Characteristics n % n %
Sex
Male 3496 524 17388 525
Female 3179 47.6 15714 47.5
Age at patient’s cancer diagnosis, years
0-4 2194 329 10919 33.0
5-9 1146 17.2 5702 17.2
10-14 1288 19.3 6403 193
15-19 2047 30.7 10078 304
Period of patient’s cancer diagnosis
1971-1979 710 10.6 3399 103
1980-1989 1553 233 7731 234
1990-1999 2233 335 11152 337
2000-2009 2179 326 10820 32.7
Cancer diagnostic groups
Leukemia 1685 252 - -
Lymphoma 1029 15.4 - -
Central nervous system tumors 1415 21.2 - -
Neuroblastoma and other peripheral cell tumors 292 44 - -
Retinoblastoma 127 19 - -
Renal tumors 298 4.5 - -
Hepatic tumors 59 0.9 - -
Malignant bone tumors 273 4.1 - -
Soft tissue sarcomas 406 6.1 - -
Germ-cell, trophoblastic and other gonadal neoplasms 352 53 - -
Other malignant epithelial neoplasms 695 10.4 - -
Other and unspecified malignant neoplasms 44 0.7 - -
Sexually transmitted diseases
Cervical dysplasia 95 3.0 % 359 23 %
Condyloma 93 14 430 13

Median (years)

Range (years) Median (years) Range (years)

Attained age at end of follow-up

Analyses of cervical dysplasia 273 0.0-63.6 269 0.0-63.6
Analyses of condyloma 26.6 0.0-63.6 26.2 0.0-63.6
Follow-up time
Analyses of cervical dysplasia 16.5 0.0-28.0 16.1 0.0-28.0
Analyses of condyloma 16.1 0.0-28.0 15.5 0.0-28.0
Age at first STD diagnosis
Cervical dysplasia 279 15.2-50.2 27.0 15.9-53.3
Condyloma 23.1 12.7-48.7 243 3.1-51.8
*Proportion of female study subjects.
0.69-0.86). The risk for ever having a chlamydia infection 95% Cl 1.05-5.38) and 1981-1989 (HR 2.12, 95% (I

seemed to be even lower among male cancer patients when
compared with male comparisons (HR 0.65, 95% Cl
0.54-0.79) than among female cancer patients when com-
pared with female comparisons (HR 0.88, 95% Cl 0.77-1.00).
Stratifying by cancer site, the risk was statistically signifi-
cantly decreased among patients with CNS tumor when
compared with population comparisons (HR 0.48, 95% Cl
0.35-0.65) (Table 3).

Overall, 1.0% of cancer patients (n=64) and 0.7% of
population comparisons (n=210) were diagnosed with an
STD other than chlamydia. The overall risk for a first infection
with an STD other than chlamydia seemed to be increased
among cancer patients when compared with comparisons
(HR 1.46, 95% Cl 1.10-1.93). The risk for male patients was
similar to their comparisons (HR 1.20, 95% Cl 0.82-1.75) but
the risk was significantly increased when comparing female
cancer patients with their comparisons (HR 1.91, 95% ClI
1.26-2.89). The risk estimates were also elevated among
patients with leukemia (HR 2.25, 95% Cl 1.30-3.89), patients
diagnosed at the age of 0-4years (HR 223, 95% (I
1.29-3.87), and patients diagnosed in 1971-1979 (HR 2.37,

1.38-3.25), when comparing with population comparisons
(Supplementary table 2).

The care register for health care

In analyses regarding data from CRHC, 6,675 childhood can-
cer patients had a median follow-up of 16.5 and 16.1 years,
and the 33,102 population comparisons had a median fol-
low-up of 16.1 and 15.5years, when exploring cervical dys-
plasia and condylomas, respectively (Table 2).

In females, 95 of 3,179 (3.0%) cancer patients and 359 of
15,714 (2.3%) comparisons had a diagnosis of cervical dyspla-
sia in the CRHC by the end of follow-up. Condyloma was regis-
tered among 93 of 6,675 (1.4%) cancer patients and among
430 of 33,102 (1.3%) population comparisons by the end of fol-
low-up. Median age for females at first diagnosis with cervical
dysplasia was 27.9years (range 15.2-50.2 years) for patients
and 27.0years (range 15.9-53.3years) for comparisons and
median age at first diagnosis with condyloma was 23.1 years
(range 12.7-48.7 years) for patients and 24.3years (range
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Table 3. Numbers and hazards ratios (HR) for first chlamydia infections and HRs for recurrent chlamydia infections with 95 % confidence interval (Cl)

among cancer patients and population comparisons.

Cancer patients (n =6,218)

Population comparisons (n = 30,704)

n 1000 pyrs n 1000 pyrs HR (95% Cl) Overall HR (95% CI)*
Total 295 86.0 1824 4145 0.77 (0.69-0.86) 0.79 (0.71-0.88)

Sex

Male 97 44.6 719 215.0 0.64 (0.53-0.79) 0.65 (0.54-0.79)

Female 198 414 1105 199.5 0.86 (0.74-0.98) 0.88 (0.77-1.00)
Age at patient’s cancer diagnosis, years

0-4 75 28.7 472 139.7 0.75 (0.60-0.94) 0.77 (0.62-0.95)

5-9 55 14.7 344 71.0 0.76 (0.58-0.99) 0.74 (0.57-0.96)

10-14 62 16.7 388 80.5 0.78 (0.61-1.00) 0.81 (0.64-1.03)

15-19 103 259 620 1233 0.79 (0.65-0.96) 0.82 (0.68-0.99)
Period of patient’s cancer diagnosis

1971-1979 13 124 65 57.2 0.94 (0.54-1.62) 0.94 (0.54-1.62)

1980-1989 69 23.6 463 1133 0.71 (0.56-0.89) 0.71 (0.57-0.89)

1990-1999 133 318 812 154.7 0.79 (0.67-0.94) 0.80 (0.68-0.94)

2000-2009 80 18.2 484 89.2 0.78 (0.63-0.97) 0.83 (0.67-1.02)
Cancer diagnostic groups

Leukemia 71 20.8 424 101.0 0.79 (0.62-0.99) 0.79 (0.63-1.00)

Lymphoma 55 13.7 342 66.0 0.77 (0.59-1.00) 0.77 (0.59-1.00)

Central Nervous System 38 171 394 81.5 0.46 (0.33-0.63) 0.48 (0.35-0.65)

Other 131 344 664 166.0 0.96 (0.81-1.14) 0.98 (0.83-1.15)

*Recurrent chlamydia infections pooled into the analysis.

Table 4. Numbers and hazards ratios (HR) with 95 % confidence interval (Cl) for cervical dysplasia among female cancer patients and population

comparisons.

Female cancer patients (n=3,179)

Female population comparisons (n =15,714)

n 1000 pyrs n 1000 pyrs HR (95% Cl)
Total 95 51.2 359 249.2 1.28 (1.02-1.60)

Age at patient’s cancer diagnosis, years

0-4 1 15.9 77 77.8 0.68 (0.36-1.27)

5-9 12 8.8 63 429 0.91 (0.49-1.70)

10-14 27 10.2 60 50.0 2.31 (1.46-3.65)

15-19 45 16.3 159 785 1.35 (0.97-1.88)
Period of patient’s cancer diagnosis

1971-1979 14 9.5 60 442 1.13 (0.63-2.03)

1980-1989 26 16.5 115 80.3 1.09 (0.71-1.66)

1990-1999 43 16.6 145 823 1.45 (1.03-2.04)

2000-2009 12 8.6 39 424 1.44 (0.75-2.74)
Cancer diagnostic groups

Leukemia 25 12.6 78 61.7 1.58 (1.00-2.48)

Lymphoma 23 6.8 58 333 1.95 (1.20-3.16)

Central Nervous System 10 9.5 70 46.1 0.68 (0.35-1.32)

Other 37 223 153 108.1 1.16 (0.81-1.66)

3.1-51.8 years) for comparisons (Table 2). The age at the end
of follow-up was 27.3 and 26.6 years for patients and 26.9 and
26.2 years for comparisons, when exploring cervical dysplasia
and condyloma, respectively (Table 2).

The overall risk for cervical dysplasia was increased among
childhood cancer patients when comparing with population
comparisons (HR 1.28, 95% Cl 1.02-1.60). In stratified analy-
ses, the increased risk for cervical dysplasia was most pro-
nounced when cancer was diagnosed at age of 10-14years
(HR 2.31, 95% Cl 1.46-3.65), in the time period of 1990-1999
(HR 1.45, 95% Cl 1.03-2.04) and among patients with leuke-
mia (HR 1.58, 95% Cl 1.00-2.48) or lymphoma (HR 1.95, 95%
Cl 1.20-3.16), when comparing patients with population
comparisons. The risk estimates were lowest in patients with
CNS tumors (HR 0.68, 95% Cl 0.35-1.32), but the results
remained insignificant (Table 4).

There was no statistically significant difference in the
overall risk for condyloma when comparing cancer patients
with population comparisons (HR 1.05, 95% Cl 0.84-1.31.

Stratifying by age at cancer diagnosis, the risk for condyl-
oma seemed to be rising with the age at cancer diagnosis.
The risk was lowest, when cancer was diagnosed in early
childhood, before the age of 5years (HR 0.47, 95% Cl
0.25-0.91), whereas the risk was highest in the oldest age
period of 15-19years (HR 1.41, 95% Cl 1.03-1.93).

When looking into stratified analysis by cancer site, the
risk for condyloma was statistically increased among lymph-
oma patients (HR 1.62, 95% Cl 1.06-2.49) whereas the risk
was decreased among patients with CNS tumors (HR 0.35,
95% Cl 0.15-0.80), when compared with population compari-
sons. Stratifying by diagnostic period, the total risk for hav-
ing a condyloma diagnosis was highest during the most
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Table 5. Numbers and hazards ratios (HR) with
comparisons.

95 % confidence interval (Cl) for condyloma diagnoses among cancer patients and population

Cancer patients (n =6,675)

Population comparisons (n=33,102)

n 1000 pyrs n 1000 pyrs HR (95% Cl)
Total 93 105.6 430 5133 1.05 (0.84-1.31)

Sex

Male 26 54.2 159 263.9 0.80 (0.53-1.21)

Female 67 514 271 249.4 1.20 (0.91-1.56)
Age at patient’s cancer diagnosis, years

0-4 10 351 102 1713 0.47 (0.25-0.91)

5-9 12 184 67 89.6 0.85 (0.46-1.57)

10-14 21 20.6 89 99.9 1.17 (0.73-1.88)

15-19 50 31.6 172 152.4 1.41 (1.03-1.93)
Period of patient’s cancer diagnosis

1971-1979 5 18.0 42 83.6 0.56 (0.22-1.42)

1980-1989 18 343 137 166.7 0.64 (0.39-1.04)

1990-1999 46 348 194 171.6 1.16 (0.84-1.60)

2000-2009 24 18.5 57 91.4 2.02 (1.25-3.26)
Cancer diagnostic groups

Leukemia 26 253 93 124.0 1.34 (0.86-2.07)

Lymphoma 28 16.4 84 79.8 1.62 (1.06-2.49)

Central Nervous System 6 21.0 83 102.1 0.35 (0.15-0.80)

Other 33 429 170 207.4 0.95 (0.65-1.38)

recent time period of 2000-2009 (HR 2.02, 95% Cl 1.25-3.26),
when comparing cancer patients with comparisons (Table 5).

Discussion

In this study, we characterized the risk for having an STD in
a large population-based cohort of over 6,000 childhood can-
cer patients and 30,000 population comparisons. The data
suggest that childhood cancer patients have a decreased risk
for infection with chlamydia when comparing with age- and
sex -matched population comparisons. The risk was lowest
among male patients and patients with CNS tumors. The
overall risk for cervical dysplasia was slightly increased
among female cancer patients when compared with their
population comparisons. A statistically significantly increased
risk was found among patients diagnosed with cancer in
ages 10-14years, in the 1990s and in patients with leukemia
or lymphoma. The overall risk for contracting condyloma was
similar for both patients and comparisons. The risk for all
explored outcomes seemed to be decreased among patients
with CNS tumors.

Current evidence suggests that adolescents with a chronic
iliness are as likely to engage in risky health behaviors such
as tobacco, alcohol, or drug abuse [21] and unsafe sexual
practices [4], as healthy comparisons. Adverse socioeconomic
events [22] and psychiatric morbidities [21,23] may contrib-
ute in increasing vulnerability to risky health behavior.

Disturbance in the sensitive developmental phase of
puberty seems to lead to dysfunction in forming healthy
sexuality [24]. A Dutch questionnaire-based study showed
delay in achieving psychosexual milestones such as dating
and sexual debut among childhood cancer survivors com-
pared with general population. Cancer treatment in adoles-
cence was a risk factor for this delay [25]. A North American
questionnaire study of adult survivors of childhood cancer
showed parallel results in timing of psychosexual milestones,
but also highlighted that cancer survivors were generally sat-
isfied with this somewhat lower speed [26]. In our study we

found cancer patients to have a decreased risk for chlamydia
and an increased risk for female patients for having cervical
dysplasia, when comparing with population comparisons. We
found the median age at first chlamydia diagnosis to be
slightly older in cancer patients than in comparisons, which
could reflect delay in psychosexual development among
childhood cancer patients. By contrast, the median age at
diagnosis for condyloma was over one year younger in
patients than in comparisons.

STD rates vary worldwide. Chlamydia is the most reported
STD in Europe and the United States. The incidence rate for
chlamydia was 269 per 100,000 in Finland and 146 per
100,000 in all countries of the European Union combined in
2018, and 481 per 100,000 in the United States in 2020
[27,28]. There are notable cultural differences in contracep-
tive use and registration and screening of STDs [6]. In most
European countries, STDs are detected more among adoles-
cent females than males [6]. This is thought to be partly due
to the current reproductive health care, which is offering
counseling for example for contraception, abortion, and
screening for cervical cancer and thus targeting more
females than males. Our study supports this finding since we
also found more STDs among females than males in patients
and in comparisons.

A CCSS-based study from North America examined risky
sexual behavior in adolescent 5-year survivors of childhood
cancer diagnosed with cancer before the age of four years.
No difference in engaging in risky sexual behavior was found
between survivors and siblings. The risk for having an STD
was increased if a person had shorter time period from can-
cer diagnosis to STD or higher parental education [9]. In our
study, the risk estimates for condyloma, and cervical dyspla-
sia were lowest in the youngest age groups at cancer diag-
nosis. The risk for chlamydia was reduced in all age groups.
We also conducted analyses adjusted for highest parental
education, but our results and conclusions remained similar.

In cohort studies, childhood cancer survivors seem to
have lower rates of marriage and cohabitation compared
with general population [21]. This has been pronounced in



male patients and patients with CNS tumors. Higher neuro-
toxicity of treatment has been shown as a risk factor for
impaired psychosexual development [21]. When stratifying
by cancer site, we found the patients with CNS tumors to
have a decreased risk for being diagnosed with chlamydia
(HR 0.48, 95% Cl 0.35-0.65) and with condyloma (HR 0.35,
95% Cl 0.15-0.80), when compared with population compari-
sons. When exploring diagnoses of cervical dysplasia, the
risk, again, appeared to be reduced among patients with
CNS tumors when compared with population comparisons,
but the results remained insignificant. We hypothesize that
CNS tumor patients may have challenges in finding a partner
which could partly explain the reduced rates of STDs in
this group.

HPV is the most common sexually transmitted infection
worldwide. Most sexually active individuals will acquire it at
some point of life, typically as young adults [29]. These infec-
tions usually clinically resolve after months. More persistent
infection with high-risk HPV is needed for progression to cer-
vical dysplasia and cancer [29]. The HPV vaccination has
been part of the national vaccination program since 2013 for
girls and since 2020 for boys in Finland, but as our follow-up
ended in 2014, information on vaccines was not available in
our study [30]. In our study the median age at diagnosis of
cervical dysplasia was expectedly older in both groups than
median age at diagnosis of other STDs.

We found the age at cancer diagnosis to have a statistic-
ally significant effect in the risk for having an HPV-related
disease, i.e., cervical dysplasia or condyloma. Cancer diagno-
sis in early childhood seemed to reduce the risk, whereas the
diagnosis in age 10-14years and 15-19years increased the
risk for cervical dysplasia and condyloma, respectively. In our
study, childhood cancer patient’s risk for having a diagnosis
of cervical dysplasia was slightly increased, when compared
with comparisons, whereas the risk for chlamydia was
decreased. We speculate that as childhood cancer patients
visit specialized health care more often than healthy popula-
tion comparisons, cervical dysplasia or condyloma may also
be found and registered more often. Milder forms of cervical
dysplasia and condyloma usually heal without interventions.
Cancer survivors are known to be at significantly higher risk
for HPV-related morbidities when compared with general
population [31]. It has been shown that cancer patients may
remain immunocompromised long after treatment. This
could increase their risk of HPV acquisition, longer HPV infec-
tion persistence and cervical dysplasia [32].

In Finland, laboratories do not systematically report HPV
findings for national statistics. In this study we analyzed HPV-
related diagnoses using data on cervical dysplasia and con-
dylomas registered in the CRHC. Coverage of diagnoses in
this register is not complete, partly because there is variance
in clinicians’ activity to report diagnoses for registers [16].
Some cases of cervical dysplasia and many condylomas are
diagnosed and treated in private health care, and therefore
not registered in the CRHC. Additionally, condyloma and cer-
vical dysplasia are caused by different types of human papil-
lomavirus: 90% of condylomas are caused by low-risk HPV
types 6 and 11, whereas 70% of cervical dysplasia are caused
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by HPV 16 and 18. This may, in part, explain the difference
in our results regarding these two HPV associated out-
comes [33].

We did not include mild manifestations of HPV, such as
abnormal Pap smear test results (e.g., atypical squamous cells
of undetermined significance, ASCUS) in this study, as we
wanted to study the disease burden caused by HPV.
Therefore, long-lasting infections can be studied using cer-
vical dysplasia as outcome. Finland has organized cervical
cancer screening since 1963, for women starting at age 30
since late 1980s [34]. The data from the FCR did not find a
material difference in coverage or attendance of screening in
former childhood cancer patients and healthy women (per-
sonal communication, Malila).

In our study, we did not restrict our study population by
age at STD diagnosis. We started follow-up similarly for
patients and their matched comparisons and excluded all
study subjects diagnosed with an STD before the start of fol-
low-up from the analyses. Childhood cancer patients make
up a population with a considerably higher mortality com-
pared with the general population. This was considered in
our study, as matched comparisons were censored if
patient’s follow-up ended due to death or emigration. We
found altogether seven STDs before the age of 13years
among patients and comparisons. These infections may have
been contracted perinatally or via blood transfusions. Overall,
most of the diseases grouped as ‘other STDs' in our study
are blood-borne infections such as hepatitis B and C that can
be contracted without risky sexual behavior at any age.

It is necessary to have a large number of patients to study
rare diseases such as STDs in childhood cancer patients. One
of the greatest advantages of our study is the high quality of
Finnish registry data that enables a virtually complete follow-
up with no selection or participation bias [11,12].

The risk for an infection with chlamydia trachomatis
seemed to be decreased among childhood cancer patients
compared with population comparisons. Chlamydia covering
the majority of STDs in our data, our results support earlier
findings concerning risky sexual behavior of childhood can-
cer patients. Nevertheless, we found groups of patients with
an increased risk for cervical dysplasia and other STDs as
well. As childhood cancer patients often develop long-term
complications later in life, risky health behavior should be
minimized. Sexual issues should be addressed as a part of
psychosocial support and counseling, and the value and
quality of a systematic transition program deserves to be
highlighted.
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