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To the childhood and young adult cancer survivors



Abstract

ABSTRACT

Ritva Ahomiki
Psychosocial outcomes after young age onset cancer

University of Turku, Faculty of Medicine, Department of Paediatrics, Doctoral
Programme in Clinical Research, Turku University Hospital, Department of
Paediatrics and Adolescent Medicine.

Annales Universitatis Turkuensis, Medica-Odontologica, Turku, Finland, 2018

Background: Since the number of childhood and adolescent/young adult (AYA)
cancer survivors is increasing due to improved survival rates, the incidence of
cancer associated late-effects has also increased. Cancer survivors need to receive
structured and supportive follow-up.

Aims and methods: In order to reveal the psychosocial outcomes of childhood
and AYA cancer survivors, four national, registry-based studies were conducted.
In the first study, educational and social outcomes of childhood cancer survivors
were examined in comparison with age-matched population controls. The
following study aimed to determine, whether the modifications made to the
acceptance guidelines of military service have altered childhood cancer survivors’
enlistment rates, and how well the enlisted survivors perform in the physical fitness
and cognitive tests as compared to healthy controls. In two studies, psychiatric
outcomes of childhood and young adult cancer patients were examined by
assessing Hospital Discharge Register and Drug Purchase Register to determine
late psychiatric morbidity as well as and frequencies of antidepressant purchases
by cancer patients as compared to siblings.

Results: There was an elevated proportion of survivors with no further education
after comprehensive school in all three main diagnostic groups (brain tumors (BT),
solid tumors (ST), leukemias/non-Hodgkin lymphomas (NHL). However, the risk
for unemployment was not increased, but early retirement was more common in
comparison to the general population. The exemption rate from military service of
cancer survivors was found to be significantly higher than that of population
controls, but in general terms, the enlisted survivors coped well with their military
training. It was found in study III that, the risk for organic memory/brain disorder
was higher in cancer survivors in both age groups (0-19 and 20-34 years at
diagnosis) than in their siblings and elevated HRs for mood disorders were found
in females (both age groups). In addition, higher frequencies of antidepressant
purchases were also detected in females in both age groups.

Conclusions: Childhood BT and leukemia/NHL survivors seem to require special
educational support after their cancer treatments, and since childhood cancer
survivors are at risk for premature retirement, adequate social support should be
provided. There is a need for aftercare psychological support, especially for female
childhood and AY A cancer survivors.

Keywords: cancer, children, young adults, psychosocial, late-effect
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TIIVISTELMA

Ritva Ahomiki
Psykososiaalinen selviytyminen nuorena sairastetun syovin jéilkeen

Turun yliopisto, Lédketieteellinen tiedekunta, Lastentautioppi, Turun kliininen
tohtoriohjelma, Turun yliopistollinen keskussairaala, Lasten ja Nuorten klinikka.

Annales Universitatis Turkuensis, Medica-Odontologica, Turku, Suomi, 2018

Tausta: Lapsena ja nuorena aikuisena sydvén sairastaneiden médérdn kasvaessa
myods syovin aiheuttamien myohdisvaikutusten ilmaantuvuus on lisddntynyt.
Syévin sairastaneet tarvitsevat strukturoitua seurantaa, ja tehokkaiden
tukimuotojen 16ytdmiseksi tarvitaan lisdé tutkimustietoa.

Tutkimuksen tarkoitus ja metodit: Lapsena ja nuorena aikuisena sydvin
sairastaneiden psykososiaalisen selviytymisen tutkimiseksi, teimme nelja
retrospektiivistd,  kansallisiin  rekisteritietoihin ~ perustuvaa  analyysié.
Ensimméisessd osatyOssé tutkittiin lapsena syovin sairastaneiden peruskoulun
jélkeistd koulutusta ja sosiaalista selviytymistd. Seuraavassa osatydssa selvitettiin,
ovatko muuttuneet terveystarkastusohjeet lisdnneet lapsena syovin sairastaneiden
sisdénottomaérid varuspalvelukseen, ja miten sydvén sairastaneet suoriutuvat
armeijan fyysisissd sekd kognitiivisissa testeissd. Kahdessa viimeisessi osatyossi
tutkittiin lapsena ja nuorena aikuisena syOvdn sairastaneiden psykiatrista
sairastuvuutta (HILMO-rekisterin psykiatriset diagnoositiedot) sekd masennu-
sladkeostotietoja (Ladkeostorekisteri) sisarusverrokkeihin ndhden.

Tulokset: Lapsena syovén sairastaneista suurempi osa jdi ilman peruskoulun
jélkeistd koulutusta védestoverrokkeihin ndhden. Sen sijaan lapsena sydvén
sairastaneilla ei havaittu suurentunutta riski ty6ttomyyteen, mutta riski varhaiseen
elakoitymiseen oli selvdsti suurentunut kaikissa syOparyhmissd. Lapsena
sairastettu syopd oli yhd merkittdvd armeijaan paddsyn hylkdyssyy, mutta
palvelukseen otetut syOvdn sairastaneet suoriutuivat pddosin  hyvin
armeijapalveluksessa. Riski aivojen orgaaniseen-/muistisairauteen havaittiin
olevan suurentunut molemmissa tutkituissa ikdryhmissé (0-19 ja 20- 34-vuotiaana
syopadiagnoosin saaneet) ja naisilla havaittiin kaikissa ikdryhmissd enemman
mielialamuutoksia sekd masennusldédkeostoja kuin verrokeilla.

Johtopéitokset: Lapsena aivokasvaimen tai leukemian/NHL:n sairastaneet
saattavat tarvita tuen tarpeen Kkartoitusta kouluidissd, ja lapsena sydvén
sairastaneiden riittdvin sosiaalinen tuen jérjestiminen on tarkedd, jotta varhainen
elakoityminen voidaan ehkéistd. Etenkin tytot ja naiset tarvitsevat psykologista
tukea sairastetun syovén jalkeen.

Avainsanat: syopa, lapset, nuoret aikuiset, psykososiaalinen, myohiisvaikutus
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ABBREVIATIONS

AD Antidepressant medication

ALL Acute lymphoblastic leukemia

AML Acute myeloid leukemia
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CI Confidence interval

CNS Central nervous system
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CRT Cranial irradiation therapy
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FDF Finnish Defence Forces

fMRI Functional Magnetic Resonance Imaging
GPOH German Society for Pediatric Oncology and Hematology
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HD-MTX High-dose methotrexate

HDR Hospital discharge register
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1 INTRODUCTION

The advances in cancer treatments and supportive care during recent decades have
resulted in a continual increase in the 5-year survival rates of cancer patients
throughout Europe (Gatta et al. 2014), (Hovaldt et al. 2015), (Asdahl et al. 2015).
Overall 5-year survival rate of childhood cancers is 77.9% (Gatta et al. 2014). In
adult cancers, 5-year survival rates vary from 18% to 39% in adult ALL patients
(De Angelis et al. 2014), (Allemani, Coleman & CONCORD Working Group
2015) to 85% in breast cancer (Allemani, Coleman & CONCORD Working Group
2015). In EUROCARE 5 data, about a third of all adult cancer cases had 5 year
survival greater than 80%, whereas about a quarter had survival below 30% (De
Angelis et al. 2014).

It has been estimated that approximately 75 % of childhood cancer survivors are
confronted by adverse late effects associated with their cancer treatment (Geenen
etal. 2007), and 40 % of survivors experience severe health disabilities and around
30% of pediatric cancer survivors suffer from several adverse effects (Oeffinger et
al. 2006). Childhood cancer survivors may encounter new morbidities, such as
endocrine (Tonorezos et al. 2015), (Taylor et al. 2009), cardiovascular (Mulrooney
et al. 2016), (Kero et al. 2013) as well as psychological symptoms (Lund et al.
2013), (Ander et al. 2016), and educational problems (Lund et al. 2013),(Jacola et
al. 2016) , or even premature mortality (Oeffinger et al. 2006), (Reulen et al. 2010),
(Mertens et al. 2008). In assessments of cumulative incidence (Asdahl et al. 2015)
and burden of disabilities and comorbidities after cancer (Bhakta et al. 2017)
survivors of childhood cancer have been reported to have at least a doubled disease
burden compared to healthy controls. However, there has been only a limited
description of the late-effects occurring after cancer has been diagnosed in
adolescence or young adulthood (AYA). The first comprehensive review of the
published literature specifically focusing on the late-effect spectrum was published
in 2011 without any clear age specific conclusions (Woodward et al. 2011).

The assessment of treatment related late effects can be carried out with large cancer
survivor cohorts by examining associations between given doses of chemotherapy-
, and irradiation (Asdahl et al. 2015) and the reported adverse effects. Treatment
associated late effects may persist after the treatment has ended, and there may
well be effects occurring several years after cancer diagnosis (Salz et al. 2015). It
is to be noted that certain deficits e.g. on neurocognition may subsequently affect
the cancer survivors (Hawkins, Robison 2006), (Boman et al. 2009), (Reimers,
Mortensen & Schmiegelow 2007), (Armstrong et al. 2013), (Reddick et al. 2014).
It has been claimed that those survivors facing severe functional/psychosocial
adverse outcomes would benefit from supportive interventions (Willard et al.
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2017). The approach in these interventions should be individualized, so that the
allocation of resources of follow-up care and means of support for cancer survivors
would be organized in a co-ordinated manner (Davies, Batehup 2011).

The Finnish national health care and statistics registries have enabled researchers
to conduct studies on childhood and AYA cancer patients as they age and reach
later life. The studies included in this thesis contain data on educational and
psychosocial outcomes of childhood and AYA cancer patients. Novel data
especially on young adult (YA) cancer survivors’ psychiatric outcomes, were
obtained. It is predicted that the reported results might assist in the planning of
more individualized after-care for childhood and AYA cancer survivors
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2 REVIEW OF LITERATURE

2.1 Cancer at a young age

2.1.1 Incidence and survival

From the national cancer registries, data on cancer incidences can be retrieved in
5 year categories (Figure 1). The numbers of annual new cases can be classified,
e.g., from 0-19 years referring to childhood and adolescent cases, and from 20-34

years referring to young adult statistics (Figure 2).

Finland-Incidence (2015)
All sites but non-melanoma skin cancer

007 Age-group Male

0-4 26.31
20 59 10.87
10-14 934

15-19 12.88
20-24 37.92
25-29 46.34
30-34 63.75

rate per 100,000

M Male B Female

Figure 1. Incidence of cancer cases by age-categories.

Female Average

14.46
18.05
13.96
2221
38.41
58.34
87.46

20.4
14.5
11.7
176
38.2
52.4
751
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Finland (2015)
Number of cancer cases - Both sexes, age 0-19

Hodgkin lymphoma 10
Bone 11 (5.2%)

(A D — Kidney 8

—

Non-Hodgkin lymphoma 14 4.2%)
(7.3%) Thyroid 8
(4.2%)
Brain, central nervous system 46 _(()2%1'9:)8
(24.0%) =
Leukaemia 47
(24.5%)
NORDCAN © Association of the Nordic Cancer Registries (4.4.2018)
Finland (2015)
Number of cancer cases - Both sexes, age 20-34
Hodgkin lymphoma 49

Breast 51 o e
-

(8.9%) P °

-

Thyroid 64
(11.1%)

Brain, central nervous system 66
(11.5%)

Melanoma of skin 73

(12.7%) Testis 89

(15.5%)

NORDCAN @ Association of the Nordic Cancer Registries (4.4.2018)

Figure 2. The cancer cases in both sexes (year 2015), subdivided by age groups (younger
age group 0-19 years at cancer diagnosis (n=192) and older group 20-34 years at cancer
diagnosis (n=576). Data retrieved with the NORDCAN tool.

Mostly childhood and adolescent malignancies consist of acute lymphoblast
leukemias (ALL), CNS malignancies, and Hodgkin lymphomas (HL) followed by
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substantially lower numbers of other cancers e.g. Wilm’s tumors, neuroblastomas
and hepatoblastomas (Figure 1b). In contrast, the largest groups of malignancies
in young adults (20-34 years at diagnosis) are testis tumors, melanomas and CNS
tumors followed by thyroid cancer and lymphomas (Figure 2, lower panel).

According to several studies, overall 5-year survival rates after early age onset
cancer have been progressing to the level of 80% during last five decades; this is
attributable to some major improvements in cancer treatment. However, the
greatest advances in improving survival rates occurred before the year 2000
(Armstrong et al. 2009b), (Geenen et al. 2007), (Armstrong et al. 2011), (Gatta et
al. 2014), (Toft et al. 2017). In a Finnish population based register study, the
overall survival of childhood cancer (diagnosed below 15 years of age) was 82.1%.
The survival rates of the main cancer groups were as follows: 86.3 % (ALL), 97.2
% (HL) and 79.1 % (CNS malignancies) (Madanat-Harjuoja et al. 2014).

In 2014, Gatta et al reported that the European 5- year overall survival of childhood
cancer (diagnosed before 15 years of age) was 77.9%; in pediatric ALL it was 86.3%,
in HL, it was even better, 95.4% but for CNS malignancies, the survival was 57.5%
(Gatta et al. 2014). Thus, the Finnish figures are admirable, even when compared with
North European values: overall 81.2%, ALL 86.7%, HL 95%, CNS malignancies
65.4% (Gatta et al. 2014). However, some very rare childhood cancer diagnoses, such
as diffuse intrinsic brainstem gliomas (DIPG), highly malignant gliomas and
metastatic sarcomas, persist in having limited survival rates (Smith et al. 2014).

With regard to the survival of young adult patients with malignancies, the
international reports are more difficult to assess. In a survey of European cancer
patients diagnosed up to 2007 at the age from 15 years and above, the tumors with
the good survival at 5 years were testicular cancer (88.6%), thyroid cancer
(86.5%), skin melanoma (83.2%), breast cancer (women only;81.8%) and HL
(83.2%) (De Angelis et al. 2014).

Because of increased survival rates and possible treatment induced late-effects
(Armstrong et al. 2009b), (Geenen et al. 2007), the psychosocial impact of cancer
and its treatment on survivors' lives have become an important issue (Kahalley et
al. 2013). The body of literature on late-effects for childhood and adolescent cancer
patients has grown exponentially, but nonetheless, little is known about the quality
of survival in patients diagnosed with cancer in young adulthood.

The research into pediatric and YA cancer survivorship has been based on large
cohorts gathered from several countries. Cohort studies, like the Childhood Cancer
Survivor Study (CCSS), have attempted to assess late effects both in a longitudinal
setting and by making retrospective observations. Furthermore, they have
evaluated risks for various late sequelae (Leisenring et al. 2009). Thus, a broad
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range of methodologies have been applied in investigations into cancer survival
and late-effects; these have included epidemiological and clinical approaches such
as record linkage studies, questionnaire studies, interview based surveys and
physical and psychological examinations (Hawkins, Robison 2006). The largest
cohort studies are presented in Table 1.

Table 1. The description of the largest, global young age onset cancer research cohorts.
The table includes data on the eras and ages at cancer diagnosis, cohort sizes, reference
groups, study designs and outcome assessments.

STUDY ERA AND COHORT | REFERENCE |STUDY OUTCOME
AGE AT SIZE GROUP DESIGN ASSESSMENT
CANCER
DIAGNOSIS
CCSS (Robison et al 1970-1986 20 720 Siblings Multicenter | Questionnaires,
2009) Childhood retrospective | medical
Cancer Survivor Study | <21 years cohort evaluation,
patient records
GCCR (Petersen et al | 1980-2009 46 115 General Multi-center | Questionnaires,
2013) German population institution- registry-based data
Childhood Cancer <15 years based cohort
Register
BCCSS (Hawkins et al | 1940-1991 17 981 not mentioned | Population- Questionnaires
2008) British based,
Childhood Cancer <15 years retrospective
Study cohort
CAYACS (Zhang et al | 1970-1995 3841 Matched, Population- | Registry-linkage
2012) Childhood, general based,
adolescent and young | <25 years population retrospective
adult cancer survivors cohort
SCCSS (Kuehni et al 1976-2003 5553 General Population- | Registry-linkage,
2012) Swiss Childhood population, based, medical
Cancer Survivors 0-20 years siblings retrospective | evaluation,
Study cohort questionnaires
AliCCS (Holmgvist et | 1943-2008 33 160 General Population- | Registry-linkage
al 2014) Adult Life population based,
after Childhood <19 years retrospective
Cancer in Scandinavia cohort
SJLIFE (Hudson et al | 1962-2001 3900 not mentioned | Single-center, | Medical
2013) St Jude for Life retrospective | evaluations,
Memphis, Tennessee, | <21 years and pro- questionnaires
USA spective aim
FCRC (Madanat- 1953-2004 25784 General Population- | Registry-linkage
Harjuoja 2008) <35 years population, based,
Finnish Cancer siblings retrospective
Registry Cohort cohort
NCCC (Garwicz et al | 1960-1999 37515 General Population- | Registry-linkage
2012) Nordic population based,
Countries Childhood | <20 years retrospective
Cancer Cohort
EKZ/AMC (Sieswerda | 1966-2003 1822 not mentioned | Single-center, | Questionnaires
et al 2013) Emma retrospective
Children’s Hospital <18 years and
Academic Medical prospective
Center aim
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2.1.2  The follow-up care of the survivors

As young cancer survivors age into adulthood, treatment-related adverse effects
occur. The complexity of possible late-effects is presented in Figure 3.

Psychosocial
Mental health
Education
Employment
Health insurance
Social interactions
Chronic symptoms

Body image
Fertility and
Carcinogenesis Reproduction
Recurrent Fertility
primary cancer. Health of
Subsequent offspring
neoplasms Sexual
Childhood and functioning
adolescent
cancer
Growth and Organ

development dysfunction

Skeletal maturation. Cardia'\c.
Linear growth. Endocrine.
Emotional and social Gastrointestinal

maturation. and hepatic.

Genito-urinary
Musculoskeletal.
Neurological.

Intellectual function.
Sexual development.

Figure 3. The spectrum of late-effects after childhood and adolescent cancers. Modified
from Robison et al. 2014.

Thus, it has been recommended that there should be an implementation of
evidence-based guidelines for long-term follow-up (LTFU) (Kremer et al. 2013),
(Hawkins, Robison 2006). Frequently, the survivors of low- and intermediate risk
cancer groups have been treated only by general practitioners later in life, and this
has been associated with poorer late effect detection and less survivorship focused
care (Nathan et al. 2013), (Szalda et al. 2016). Disengagement from follow-up has
also been reported, especially in the transitional phase to adult care (Brier,
Schwartz & Kazak 2015), (Lund et al. 2011b), (Wiener et al. 2012), (D'Agostino,
Penney & Zebrack 2011), since 66 % of survivors of childhood and adolescent
cancer have been provided with an opportunity to participate in long-term follow-
up (LTFU) before they reach adult age (Essig et al. 2012) whereas the
corresponding number in adult care has been much lower, 38% (Essig et al. 2012).
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One of the first late effect screening guideline systems was created in North
America, where the Long-Term Follow-up Guidelines for Survivors of Childhood,
Adolescent and YA cancer were established by the Children's Oncology Group
(COG) in 2004 (Landier et al. 2004), (Bitsko et al. 2016). Specialists have
conducted comprehensive treatment related risks and estimated exposures,
evidence-based health care and education of survivors also in Europe. Several
national guidelines have been created e.g. in the UK by the Children's Cancer and
Leukemia Group (CCLG), the Swedish Working Group for Long-Term Follow-
Up after Childhood Cancer in Sweden (SALUB), and the German Society for
Pediatric Oncology and Hematology (GPOH). By assessing several national LTFU
guidelines, the European collaboration of pediatric oncologists merged the best
clinical practices into the Pan-European Network for Care of Survivors after
Childhood and Adolescent Cancer (Pancare) in 2011 (Brown et al. 2015), (Hjorth
et al. 2015). In an attempt to achieve a universal approach in the best clinical care
of the cancer survivors, an international collaboration was initiated in 2010 to
achieve harmonization of CPGs (clinical practice guidelines) for the follow-up
care of childhood cancer survivors (Kremer et al. 2013).

Previously, there has been a paucity of knowledge of the effect of CCS's follow-
up care, but recently some studies have investigated this topic. Several studies have
highlighted the positive impact and possible gains of LTFU guideline usage. Most
of these studies have been based on the COG guidelines (Landier et al. 2015),
(Lindell et al. 2015), (Blaauwbroek et al. 2007). In a US study, it was indicated
that survivors attending specialized follow-up care had twice the incidence of
detected endocrine and hormone-related late effects compared with non-attendees
(Ford, Chou & Sklar 2013). Furthermore, the disengaged were experiencing a
lower quality of life because of physical and social deficits (Blaauwbroek et al.
2007).

The need for psychosocial care in follow-up has become apparent because of these
psychosocial adverse effects. Dieluweit et al. found that only 44% of adolescent
cancer survivors had received adequate care for their psychosocial needs
(Dieluweit et al. 2011). In North America, the National Coalition for Cancer
Survivorship (NCCS) has implemented a framework for detection of psychosocial
effects in follow-up care (Jacobs, Shulman 2017) (Figure 4, page 22).

In Sweden, HADS (Hospital Anxiety and Depression Scale) was used to screen
cancer survivors’ psychosocial adverse effects. In a six months follow-up, many
survivors with psychosocial support reported still-ongoing problems. However,
the levels of anxiety decreased and the quality of life seemed to improve with time
(Thalen-Lindstrom et al. 2013), (Ander et al. 2016).
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Different algorithms have also been developed to evaluate the need for
psychosocial support, such as a family-oriented strategy devised in Denmark
(FAMOS=family-oriented support) (Salem et al. 2017) and a few other web-based
interventions (Kessler et al. 2016), (Kanera et al. 2016). FAMOS was found to
help families with childhood cancer survivors to cope better with this home-based
intervention aimed at post-cancer symptoms such as PTSD (post-traumatic stress
disorder), mood disorders, and anxiety than could be achieved with conventional
care. The initial results seemed promising, while a more detailed study on the
effects of this intervention is being conducted (Salem et al. 2017). A German study
of an internet-based psychotherapy program implemented for AYA cancer
survivors, showed that survivors obtained helpful tools for dealing with PTSD and
anxiety symptoms (Seitz et al. 2014a), (Seitz et al. 2014b). In adult care, various
web-based self-reports of distress and interventions for reducing these symptoms
after cancer treatments, have been implemented (Berry et al. 2014), (Ruland et al.
2013), (Hoybye et al. 2010). Some of these electronic interventions include
educational and medical care related contents (Kuijpers et al. 2015) or telecare
(Kroenke et al. 2010) in addition to self-reports. Improvements in psychosocial
functioning of adult cancer survivors have been detected in a recent Dutch study,
though better outcomes were associated with higher a educational level of
survivors in this web-based intervention (Willems et al. 2017).
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Figure 4. Interrelations of possible long-term late effects of young onset cancer
survivors. Modified from Jacobs LA et al 2017.
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2.2 Late effects after young age onset cancer

2.2.1 An overview of late effects

While remarkable advances in childhood cancer treatment have been achieved,
survivors may well encounter new forms of morbidity even after long period of
time (Figure 3, page 19). Therefore, longitudinal clinical trials and register-based
studies are needed to collate valuable information on childhood cancers survivors
and their long-term outcomes (Armstrong et al. 2016), (Kremer et al. 2013),
(Hjorth et al. 2015). Survivors and their healthy peers naturally share certain risk
factors of late morbidity, such as lifestyle, environmental exposure and genetic
factors, and these need to be taken into consideration in the follow-up evaluation
(Hovaldt et al. 2015).

In the Nordic countries, it has been estimated that childhood cancer survivors
experience an overall mortality rate which is 10 times higher than in general
population (Moller et al. 2001) with cancer recurrence being the most common
reason for this statistic, followed by secondary malignancies, and cardiac and
pulmonary causes. The same findings have been reported in many international
studies (Mertens et al. 2002), (Armstrong et al. 2009a), (Krull et al. 2012),
(Garwicz et al. 2012), (Lund et al. 2011a), as well as in Finland (Kero et al. 2015).
Five year survival after second primary cancer seems to be worse in some cases,
especially in adolescents with secondary HL or BT compared to the same primary
malignancies in adolescence, and partially because of this fact, survival
improvements have been more modest in the AY A age group than in the other age
groups (Keegan et al. 2017).

The late morbidity of childhood cancer survivors has been significantly higher than
the general population and it has been associated with cancer treatment induced
late effects (Oeffinger et al. 2006). Radiation has been acknowledged as evoking
late-effects in several organs. Cardiovascular, neurologic, endocrine,
neurocognitive, and psychosocial late effects, as well as, secondary malignancies
have been reported (Armstrong et al. 2009a), (Lindell et al. 2015), (Krull et al.
2014). The Childhood Cancer Survivor Study revealed that the proportion of
patients receiving radiotherapy was 77% in the 1970s, while the corresponding
percentage was only 41 % in the 1990s (Armstrong et al. 2016). Innovations in
radiotherapy technology, like intensity modulated radiotherapy, modified
fractionation and proton therapy, have allowed better sparing of the healthy tissues
around the target organs (Thariat et al 2013). The chemotherapeutic agents are
being used more extensively than in previous decades, e.g., anthracycline-induced
cardiotoxicity has been acknowledged (Leger et al. 2015). In fact, cumulative
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chemotherapy doses seem to have diminished and therefore, less adverse effects
might develop nowadays (Armstrong et al. 2016).

2.2.2  Neurocognitive complications and educational level after young age
onset cancer

As patients are treated with multi-modal treatment protocols, the frequency of
neurocognitive sequelae may increase simultaneously as the population of cancer
survivors continues to expand. The assessment of neurocognitive adverse effects
in childhood cancer survivors has mostly been based on patient interview surveys
(e.g. CCSS studies). Several methods for evaluating neurocognitive capacity have
used in these studies: e.g. the Wechsler Intelligence Scale, the Amsterdam
Neuropsychological Test, and Delis-Kaplan Executive Function System (Keifer,
Tranel 2013). In a few Scandinavian studies, research on neurocognitive sequelae
has been based on the national registry data, which has enabled the long-term
assessment of adverse effects of young age onset cancer. Additionally, as certain
treatment regimens may cause brain tissue damage, structural neuroimaging (e.g
functional magnetic resonance imaging, fMRI) can be used to evaluate
neurocognitive function after childhood cancer (Monje et al. 2013), (Brinkman et
al. 2012).

The reports on cognitive deficits after childhood cancer have shown that survivors
experience learning difficulties more frequently than their healthy peers and that
deficits may appear years after cancer treatment and may be of progressive nature
(Bonneau et al. 2011), (Harila-Saari et al. 2007), (Lahteenmaki et al. 2008),
(Reimers et al. 2003). In Finland register-based data from FCR and Statistics
Finland have enabled investigations to be conducted into educational outcomes of
childhood cancer survivors. Female gender, younger age at diagnosis (Di Pinto et
al. 2012), (Lorenzi et al. 2009), (Nathan et al. 2007), (Koch et al. 2004), genetic
predisposition, cancer type, age, and treatment modalities (Shortman et al. 2014),
(Lancashire et al. 2010), (Ross et al. 2004), especially cranial irradiation (Turner
et al. 2009), have been recognized as factors associated with neurocognitive
complications. The need for special education at school is one of the
manifestations of neurocognitive late-effects (Mitby et al. 2003). Furthermore,
patients diagnosed with cancer during adolescence are thought to have an elevated
risk for developing dysfunctions in their cognitive capacity and, therefore,
education after high school graduation or the progression to further education may
be delayed (Dieluweit et al. 2011), (Armstrong et al. 2015).

There have been relatively few reports on childhood cancer survivors' non-
compulsory education; the findings indicate that cancer survivors, particularly
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brain tumor survivors, are more likely to have only compulsory training, but
nonetheless a few childhood cancer survivors achieve a university degree (Kuehni
et al. 2012). Furthermore, females and BT survivors are reported to have a higher
risk for not attaining any degree than males and other solid tumor survivors
(Lancashire et al. 2010).

Several studies have been conducted on the neurocognitive sequelae caused by
cranial irradiation therapy (CRT), but especially in high-risk cases, multi-modal
treatment protocols are essential and, thus, CRT cannot be avoided. CRT has
consistently been shown to impair visuomotor accuracy, attention ability and
visuospatial outlining (Reddick et al. 2014), (Campbell et al. 2007), (Kadan-
Lottick et al. 2010). The neurocognitive outcomes of chemotherapy-only treatment
seem to be milder than after CRT (Harila et al. 2009), (Krull et al. 2013a), (von
der Weid et al. 2003), but there are some indications of deficits in attention,
processing speed and decreasing hippocampal function after the end of
chemotherapy (Conklin et al. 2012), (Essig et al. 2014). Furthermore, learning and
memory functions might be damaged due to chemotherapy or radiation therapy,
most probably caused by white matter damage (Askins, Moore 2008).

In earlier treatment times, since there were some similarities in childhood cancer
treatment procedures, children with brain tumor, ALL, or non-Hodgkin lymphoma
(NHL) appeared to have the highest risk for experiencing neurocognitive sequelae
(Reimers et al. 2003), (Campbell et al. 2007), (Essig et al. 2014), (Boman,
Lindblad & Hjern 2010), (Lahteenmaki et al. 2007), (Hardy et al. 2013). However,
self-reports on cognitive deficits and psychological distress have detected an
increased risk for functional limitations also in survivors of adolescent and young
adult cancers (Prasad et al. 2015).

2.2.3  Cardiovascular, pulmonary and metabolic late effects

Multiple cardiovascular late effects have been reported after childhood and AYA
(adolescent and young adult) cancer in several cohort studies (Mertens et al. 2008),
(Lipshultz et al. 2012), (Prasad et al. 2012). These are largely due to the cardiotoxic
effects induced by either anthracycline drugs or thoracic directed radiation therapy
(Mulrooney et al. 2016). Cardiovascular effects are associated with a higher risk
for mortality and physical inactivity (Kero et al. 2013), (Miller et al. 2013),
(Mulrooney et al. 2009).

The major risk factors for adverse cardiovascular outcomes are as follows; obesity,
smoking, physical inactivity, hypertension, and dyslipidemia (Mulrooney et al.
2016). Many of these factors seem to become more prevalent as cancer survivors
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are aging (Armstrong et al. 2009). As a way to prevent cardiovascular morbidity
and mortality, web-based interventions could be used to convince cancer survivors
to exercise more or encourage them to remain non-smoking (Kanera et al. 2017).
Cancer survivors have been suggested to have a sevenfold risk to die due to
cardiovascular deficits (Mertens et al. 2008). Cardiovascular morbidity refers to
cardiomyopathy, coronary artery disease (CAD), valvular deformities and
dysfunction, arrhythmias and hypertension (Tai et al. 2012). Especially younger
patients who have received large mediastinal radiation doses (over 15 Gy), and
males exposed to higher doses (>250 mg/m2) of anthracyclines, experience an
increased risk for cardiomyopathy and valvular deformities (Machann et al. 2011),
(Mulrooney et al. 2016).

In addition to the clinical manifestations of cardiovascular outcomes, the
occurrence of asymptomatic cardiovascular findings has been reported after
radiation and also after contemporary treatment protocols. These symptoms may
also have contributed to poor physical performance in these individuals (Leger et
al. 2015).

Since lung tissue is sensitive to chest radiation-, chemotherapy- or surgery induced
deficits, a significant number of childhood and AYA cancer survivors may
increasingly experience pulmonary late effects as they age (Armenian et al. 2015).
The occurrence of pulmonary deficits, like asthma, emphysema, lung fibrosis, and
chest wall deformities has been found to be more likely in survivors of young age
onset cancer in comparison with their siblings (Huang et al. 2014), (Prasad et al.
2012). Poorer physical functioning and the occurrence of respiratory symptoms
have been associated with diffusion capacity problems in female survivors
(Armenian et al. 2015). In a report from the SJLIFE (St. Jude Lifetime Cohort
Study), measurements of lung function markers and results of six-minutes walking
test were analyzed and poorer exercise performance was found in adult survivors
of childhood cancer (Green et al. 2016).

2.2.4 Socio-economical outcomes

A follow-up on social outcomes of childhood and AY A cancer survivors has also
been performed (Mertens et al. 2008). Several studies have reported childhood and
AYA cancer survivors to have an excessive risk for unemployment or part-time
work, when compared either their siblings or healthy controls (Pang et al. 2008),
(Ellenberg et al. 2009). Survivors of brain tumors have been suggested to have as
much as five times higher risk for unemployment than controls, although ALL
survivors only display a trend towards this outcome (de Boer, Verbeek & van Dijk
2006). Furthermore, existing studies have revealed an association between
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cognitive impairment, unemployment and lower educational level (Ehrhardt et al.
2017). In contrast, some American studies have found unemployment as being of
little importance in the spectrum of late-effects (Crom et al. 2007), (de Boer,
Verbeek & van Dijk 2006), (Kirchhoff et al. 2011), (Armstrong et al. 2015),
(Hudson et al. 2013) and similar findings have been reported in a few European
studies (de Boer, Verbeek & van Dijk 2006), (Ottaviani et al. 2013).

Somatic deficits may be the origin for negative social outcomes of survivors,
because of decreased physical functioning (Tai et al. 2012). Furthermore, these
deficits may lead to lower income levels in survivors, as has been reported
(Armstrong et al. 2015), (Kirchhoff et al. 2011). On the other hand, the higher the
parental educational and income level, the better seems to be the social outcomes
of survivors (Wolfe et al. 2013), (Dalton et al. 2008). In a Norwegian study, cancer
survivors' social outcomes were examined in association with mortality. Being a
single child, and the mother's higher educational level were both associated with
reduced mortality in survivors (Syse, Lyngstad & Kravdal 2012) Similarly, in a
Danish register-based study, better cancer survival was found in solid tumor
survivors whose parents had higher education and in those who were an only child.
Furthermore, CNS tumor survivors were postulated to have better outcomes in
families where the parents were living together (Simony et al. 2016).

The very experience of cancer and the resulting cancer treatment disrupt normal
social life and affect the cancer survivor's social relations, and possibilities for
independent living (Schultz et al. 2007). Female cancer survivors, particularly
childhood BT survivors, have been reported to be married less frequently than their
age-matched controls (62% vs 78 %) (Nagarajan et al. 2004), (Gurney et al. 2009).
Existing reports show that especially survivors of childhood CNS malignancy an
have elevated risk for becoming married and for living on their own (Koch et al.
2011), (King et al. 2017), (Font-Gonzalez et al. 2016). The report on the SILIFE
cohort revealed that BT survivors with auditory deficits had an increased risk for
undesirable social outcomes when compared with their siblings (Brinkman et al.
2016).

23 Neurotoxicity of cancer treatment

2.3.1 Radiation-induced neurocognitive deficits

Radiation therapy has been an essential component of childhood cancer treatment,
but especially in the treatment of ALL, the use of cranial irradiation as prophylactic
treatment has been terminated to a large extent (Pui 2009). The cumulative dose,
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the radiation source, fractionation, and the patient's sex and age are the factors
associated with radiation-induced late effects (Armstrong, Stovall & Robison
2010). Radiation has been speculated to induce adverse effects in the brain
including  necrotizing  leukoencephalopathy,  calcifications  inducing
microangiopathy, cerebellar sclerosis, and spinal cord dysfunction and it has been
claimed that the neurocognitive adverse effects after cranial irradiation do not
achieve a plateau later in life (Packer et al. 1987). In the CCSS cohort, childhood
ALL survivors (64.5% irradiated) seemed to have a higher risk for auditory-
vestibular-visual (RR 1.8, 95% CI 1.5-2.2) and coordination difficulties (RR 4.1,
95% CI 3.1-5.3) compared with their siblings (Goldsby et al. 2010). BT survivors
have a significantly elevated risk for neurocognitive impairment, depending on the
tumor type and location as well as being due to treatment. A cranial radiation
exposure exceeding 50 Gy to the posterior fossa has been associated with a higher
risk of auditory deficits, whereas similar radiation doses to the frontal areas of the
brain have been associated with motor function problems (Packer et al. 2003),
(Figure 5 , page 29). The young age onset ALL, HL and BT survivors have been
claimed to carry a marked risk for radiation-induced cerebrovascular adverse
effect, including strokes (Morris et al. 2009).
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Figure 5. The adverse effects of radiation therapy.
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2.3.2  Effects of chemotherapy on neurocognition

The clinical manifestations of chemotherapy-induced toxicities depend on the
cumulative dose of treatment, the route of administration and the patient's age and
gender at the time of diagnosis. However, the risk for neurocognitive adverse
effects varies from individual by individual, and there may also be a genetic
susceptibility (Bhatia 2011). Despite its toxic effects, chemotherapy has been
suggested to have milder outcome effects than radiation on the survivors’ life (von
der Weid et al. 2003), (Harila et al. 2009), (Krull et al. 2013).

One widely used chemotherapeutic agent, methotrexate, has been associated with
cerebral calcifications, a higher risk for leukoencephalopathy, and acute
neurotoxicity (Mahoney et al. 1998), whereas cisplatin, as well as the other
platinum agents, has been associated with sensory neural hearing loss; these effects
might become apparent acutely after the beginning of the treatment (Landier et al.
2014), (de Fine Licht et al. 2017). Furthermore, chemotherapy has been associated
with an increased risk for a decline in the IQ (Armstrong et al. 2011).
Contemporary treatment-related effects have been widely discussed in several
studies and there are reports about deficits in working memory, visuospatial
capacity, visuomotor accuracy, processing speed and fine motor function (Conklin
et al. 2012), (ElAlfy et al. 2014), (Daams et al. 2012). On the contrary, in a few
studies chemotherapy-only protocols did not seem to be linked with any significant
neurocognitive late effects when the survivors were compared with their peers
(Schuitema et al. 2013), (Spiegler et al. 2006).

As cortisol plays an essential role in regulating cognitive, emotional and behavioral
bodily functions (Firoozi, Besharat & Rahimian Boogar 2013), an external factor,
such as high-dose methotrexate (HD-MTX) treatment, may suppress the
hypothalamic-pituitary-adrenal axis and disrupt the normal regulation of
corticosteroid secretion in cancer patients (Drozdowicz, Bostwick 2014).
Glucocorticosteroids are one component of the treatment of lymphoblastic
leukemia and different types of lymphomas, because of their antineoplastic effects
(Inaba et al 2010). They may, however, induce both rapidly resolving (e.g sleep
problems, hyperglycemia) and persistent side effects, such as osteoporosis,
cataract or truncal obesity (Koehler 1995).

Chemotherapy induced adverse effects on neurocognition may become detectable
even several years after the treatment. Alarmingly, in the SJLIFE long-term
follow-up, it was stated that the discovery of new neurocognitive and neurosensory
adverse effects were indicative of a premature aging process and this may impair
the survivors' functional status earlier than in their age-matched counterparts
(Hudson et al. 2013).
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2.3.3 The development of the human brain in adolescence

The human brain undergoes a complex course of events induced by hormonal and
neural changes, resulting in the maturation processes of subcortical and prefrontal
brain areas (Sisk, Foster 2004). If gonadal hormone action is impaired e.g., by
irradiation or chemotherapeutic agents or other disruptive activities in adolescence,
the maturation process may be interrupted and social behavioral deficits may occur
in adulthood. The maturation process is known to continue throughout childhood
and adolescence (Primus, Kellogg 1990). It is essential that the adolescent brain
possesses a high level of plasticity e.g., in order to allow for cortical maturation,
and thus, the adolescent brain is still a vulnerable organ (Konrad, Firk & Uhlhaas
2013). The cognitive functions are executed in the prefrontal cortex, whereas in
amygdala, neural stimuli regulate emotions and social behavior. Disturbances in
these maturation processes may lead to a disruption of neural networks in
adolescence and, therefore, dysfunctions in cognition may appear also in
adolescent cancer survivors (Casey, Getz & Galvan 2008), (Spear 2013), (Konrad,
Firk & Uhlhaas 2013).

24 The physical fitness of cancer survivors

2.4.1 Physical performance deficits after young age onset cancer

A previous study, indicated that BT-, bone tumor and HL survivors are physically
somewhat vulnerable (Hudson et al. 2013). The physical performance after young
age onset cancer may be reduced e.g., because of cardiomyopathy, endothelial
damage or pulmonary late-effects of cancer treatment (Miller et al. 2013),
(Hoffman et al. 2013). Treatment with thoracic radiation and anthracyclines
(especially in males) has been associated with poorer maximal aerobic capacity
(Tonorezos et al. 2013) whereas Devine et al. found female gender, received
cranial irradiation and lower parental educational level to be risk factors for a more
sedentary lifestyle (Devine et al. 2017). The cumulative dose-effect of CRT has
also been acknowledged as a factor for lower physical capacity (van Dijk et al.
2013). However, physical performance may also be declined in patients treated
with contemporary protocols which involve less irradiation (Ness et al. 2015). The
HL survivors have been suggested to have a sevenfold risk for cardiovascular
morbidity according to a CCSS cohort study (Mertens et al. 2008), and particularly
survivors of childhood lymphomas, brain tumors, leukemia, and testicular
malignancies have been reported as having an elevated risk for cardiovascular
morbidity (Kero et al. 2013). Many cancer survivors are more likely to have a
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sedentary lifestyle, which might result in challenges in weight control and
therefore, especially BT survivors, are more often overweight (Ness et al. 2010).

A limb surgery or amputation due to osteosarcoma or some other bone tumor may
be a cause for reduced physical fitness and musculoskeletal deformities
(Fernandez-Pineda et al. 2017). Lower-extremity sarcoma survivors are more
likely to be physically inactive and therefore, they may have reduced physical
fitness as compared with their peers (Wampler et al. 2012). Muscular strength, as
assessed by grip strength, knee extension and ankle dorsiflexion have been
reported to be reduced after BT and bone tumors (Hartman et al. 2006), (Hoffman
et al. 2013), (Ness et al. 2009) and this results in lower physical functioning
(Hoffman et al. 2013) and even to decreased bone mineral density (Odame et al.
2006). Activating cancer survivors to improve their physical capacity by various
physical exercise interventions has been topic for research and positive outcomes
have been achieved in pediatric BT survivors (Piscione et al. 2017) and adult breast
cancer survivors (Battaglini et al. 2014). However, many of the physical exercise
studies have handled cancer survivors as one group, which complicates a more
cancer-specific outcome analysis (Toohey et al. 2018). Interventions are needed in
the follow-up care of cancer survivors (Piscione et al. 2017) and more detailed
information on their effects would assist in devising an individualized physical
exercise intervention.

2.4.2  Compulsory military service and physical performance testing in
Finland

Military service is compulsory in Finland for males who have turned 18 years of
age. However, previously childhood and adolescent cancer survivors were
generally exempted from military service (Lahteenmaki et al. 1999). After
enlistment, the conscripts are divided into fitness categories, which are assessed in
tests measuring physical capacity during the first weeks of their service (Figure 8,
page 48). Early age onset cancer survivors with no or only minor physical late
effects usually are categorized to fitness categories A or B. Their maximal aerobic
capacity is measured with a twelve minute running test (Cooper test), and
musculoskeletal capacity is tested by a standing long jump (maximal muscular
strength), sit-ups (body's flexor muscles, dynamic endurance evaluation) and push-
ups (static endurance of body muscles, dynamic muscle strength of upper
extremities) and additionally with a back muscle test. An individual's overall
fitness index is calculated from these results evaluating both their aerobic and
muscular fitness (Cooper 1968).
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2.5 Psychiatric sequelae after young age onset cancer

2.5.1 The psychological and psychiatric sequelae after young age onset
cancer

Since cancer treatment protocols require long hospitalizations, children and
adolescents with cancer are not able to participate in their normal social
environment. The periods of isolation may harm the normal development of social
skills and the autonomy of survivors (D'Agostino, Edelstein 2013), (Kahalley et
al. 2013b), (Kieran et al. 2010), particularly in adolescence, when the
independency process and autonomous decision making should evolve (Geenen et
al. 2007), (Kahalley et al. 2013a), (Kieran et al. 2010). These events may result in
elevated psychological distress in childhood cancer survivors (Kahalley et al.
2013a), (Kazak et al. 2010), (Lund et al. 2011b). On the contrary, there are studies
showing that only every second childhood cancer survivor suffers from post-
traumatic stress syndrome (PTSD) after cancer or that survivors report no more
distress than the general population (van der Geest et al. 2013), (Sharp et al. 2017).

A Dutch study of adult (> 18 years of age) breast cancer survivors indicated that
the prevalence of depression varied from 9.4% to 66.1% and the prevalence of
anxiety from 17.9% to 33.3% (Maass et al. 2015a). The risk of depression seems
to peak at one year from diagnosis, but the risk remains elevated compared with
controls also later in life. In contrast, the symptoms of anxiety do not appear to
differ from those experienced by controls (Maass et al. 2015b), (Thompson et al.
2013). In the CCSS cohort, survivors with cardiovascular, endocrine, and
pulmonary adverse effects, were found to have elevated risk for depression and
anxiety (Vuotto et al. 2017).

Previously, the research into the psychiatric sequelae of childhood and adolescent
cancer has mainly been conducted by questionnaire-based techniques (e.g CCSS)
(Stuber et al. 2010), (D'Agostino, Penney & Zebrack 2011), (Geenen et al. 2007).
In Europe, several countries have national health care registries which make it
possible to also elucidate longitudinal aspects of psychiatric outcomes (Ross et al.
2003), (Lund et al. 2013), (Dalton et al. 2009). Validating outcome measures has
proved to be a challenge (Wiener et al. 2006) since evaluating
psychiatric/psychological adverse effects requires the adoption of a multifactorial
study approach and this complexity might be increased by the fact that most of the
psychiatric disorders have an onset in adolescence or young adulthood (Figure 4)
(Kessler, Wang 2008), (Pirkola et al. 2005).
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Younger age at diagnosis, CRT, and female gender are acknowledged risk factor
also for psychosocial and psychiatric adverse effects (Schultz et al. 2007), (Nathan
et al. 2007), (Zebrack et al. 2004), (Reimers, Mortensen & Schmiegelow 2007),
(Ander et al. 2016). In breast cancer survivors, lower physical activity, the
presence of pain, and fewer number of social supporters have been associated with
depressive symptoms and insomnia (Bardwell et al. 2008). According to some
studies, YAs have not been found to experience excessive psychological distress
after cancer (Greenfield et al. 2010), (Pirl et al. 2009), but the risk for depressive
symptoms seems to exist shortly after treatment but also to a lesser extent in later
life (Tai et al. 2012), (Dalton et al. 2009).

The survivors of childhood and AYA leukemia have been found to display an
increased risk for PTSD compared with controls (Stuber et al. 2010), (Kwak et al.
2013). ALL survivors' self-reports about depressive symptoms have indicated that
the patients themselves experience no increased level of depression (Gordijn et al.
2013), (Kurtz, Abrams 2011), (Harila et al. 2011), although anxiety has been found
to occur to a significant extent immediately after the ALL diagnosis and
indications have been found for depressive symptoms in the first year after
diagnosis (Myers et al. 2014). In contrast, in registry-based studies and in a Nordic
interview-based study, manifestations of depression were detected in ALL
survivors (Lund et al. 2013), (Hovaldt et al. 2015), (Ander et al. 2015).
Corticosteroids are an essential component in ALL treatment protocols; these
drugs are acknowledged to exert effects on behavior and might cause mood
disorders during treatment (Hochhauser et al. 2005). Fatigue and sleeping
problems have been associated with a higher prevalence of depressive disorders
(Daniel et al. 2015). In a recent Norwegian registry-based study, it was found that
in particular young age onset (diagnosis at the age 0-25 years) CNS tumors,
testicular tumor and bone- and soft tissue sarcoma survivors carried a higher risk
for suicide than healthy controls (Gunnes et al. 2017).

Due to the more intensive treatment procedures and tumor location, BT survivors
have been reported to experience an increased risk for suffering a higher rate of
adverse late effects, along with psychiatric outcomes (Oeffinger et al. 2006),
(Zeltzer et al. 2009), (Shah et al. 2015), (Turner et al. 2009). In the literature,
depression and anxiety have been reported to be the most common psychiatric
morbidities encountered in BT survivors (Brinkman et al. 2016), (Schultz et al.
2007), (Turkel, Tishler & Tavare 2007), (Zeltzer et al. 2009). In addition, the
prevalence of psychosis and CRT induced schizophrenia might be increased in BT
survivors. There are also reports that BT survivors have a higher risk for requiring
psychiatric hospitalizations than the general population (Ross et al. 2003), (Turkel,
Tishler & Tavare 2007).
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In a Swiss study of childhood cancer survivors, a higher risk for elevated alcohol
consumption was noted than in the general population (Rebholz et al. 2012).
However, in a US study, substance use was less common in childhood cancer
survivors than in controls, although increased marijuana use was associated with
male gender, depression and higher social status (Milam et al. 2016). Behavioral
disorders such as aggression, antisocial patterns and irritability have also been
described but to a lesser extent than other disorders (Schultz et al. 2007),
(Daszkiewicz et al. 2009).

There are fewer studies focusing on psychiatric outcomes of adulthood solid tumor
survivors, but thyroid- and hormone-related cancer survivors (e.g. breast -and
prostate cancers) are reported to have a higher risk for distress and depression than
controls (Gorman et al. 2010), (Roerink et al. 2013), (Khan et al. 2010a), (Lund et
al. 2013).

2.5.2 Antidepressant medication and cancer patients

Certain psychiatric disorders, like depression, may exert a negative impact on
cancer survivors’ quality of life and functional performance. Furthermore, they
may also increase the survivors' usage of health care services contributing to
excessive health care costs (Fujisawa et al. 2016), (Pan, Sambamoorthi 2015). In
the Nordic countries, register-based data have been available for decades.
Previously, the Finnish studies have examined psychiatric disorders and their
treatment in the general population (Pirkola et al. 2005), (Kasteenpohja et al.
2015). Their findings have revealed a significant risk for depression in females and
disease related associations of psychiatric disorders (Pirkola et al. 2005).

The antidepressant medication (AD) prescription practices in the general
population have been found to differ from country to country, even inside Europe.
AD prescriptions of childhood cancer survivors have been claimed to depend on
the cancer type and the time elapsing from diagnosis, but also practices concerning
how antidepressants are prescribed to cancer survivors may vary to a large extent
between countries (Pearson et al. 2015), (Gyllenberg et al. 2011), (Johannsdottir
etal. 2017). A general practitioner may prescribe AD medication to adult survivors
in Finland, while childhood and adolescent patients are treated exclusively by
doctor’s specializing in psychiatry. There are national guidelines for writing an
antidepressant prescription in Finland, although it has been suggested from work
done in other countries that practitioners' adherence to these guidelines might be
rather poor (de Vries et al. 2016).
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The Finnish Drug Purchase Register (DPR) has been advantageous for researchers
investigating various diagnosis related medication purchases. However, the
published reports have rarely involved a longitudinal perspective of antidepressant
use by childhood and YA cancer survivors.

According to the previous reports (Table 2, page 37), female cancer survivors have
been reported to have an increased risk for purchasing antidepressants compared
with males (Gyllenberg et al. 2011). In a Danish study, males were suggested to
have an increased risk for depression as compared with females and childhood
cancer survivors’ required hospitalizations for a psychiatric disorder more
frequently than controls (Lund et al. 2013). In Canadian and Norwegian studies,
the risk for CAYAS being prescribed with AD was 20% higher than in controls
(Johannsdottir et al. 2017), (Deyell et al. 2013). In a Danish study, the
corresponding value was 38% (Lund et al. 2015). A higher risk was found for
receiving AD prescriptions in young survivors of CNS, leukemia, hormone-related
cancers, as well as in survivors of a group of other malignancies (Khan et al.
2010b), (Deyell et al. 2013), (Johannsdottir et al. 2017), (Lund et al. 2015). In a
study of survivors treated with contemporary protocols, all cancer groups were
found to elevate the risk for AD use, with age at diagnosis not influencing the
outcome (Lund et al. 2015). Convergent results were found also in a Norwegian
study (Johannsdottir et al. 2017).
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Furthermore, the effectiveness of AD treatment has been discussed in studies
conducted earlier, it has been concluded that AD medication might be used in
preventing depressive symptoms especially longer-lasting therapy, while in
another study, ADs were shown to have a rather insignificant impact on cancer
survivors' depressive symptoms (Lund et al. 2015), (Ostuzzi et al. 2015), (Linde et
al. 2015). In a study of adult cancer survivors, psychotherapy with or without
antidepressant medication was found to be more effective treatment for depression
than antidepressants alone (p<0.05), although the quality of life of survivors after
treatment for depression did not seem to improve (Vyas, Babcock & Kogut 2017).
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3 AIMS OF THE STUDY

The purpose of this thesis was to study the late psychosocial effects of childhood
and AY A cancer, since the numbers of young age onset cancers are increasing and
the need for psychosocial support seems to have risen. Educational-, social and
psychiatric outcomes subsequent to childhood and AY A cancer were evaluated. It
is anticipated that the data analyzed might be used to plan the future follow-up care
of cancer survivors.

The specific aims of the study were:

1. To study educational and vocational achievements and socio-economical
outcomes of childhood cancer survivors and population controls.

2. To estimate the current military fitness and the acceptance rate of male
cancer patients for the compulsory military service in Finland, as well as
examining conscript survivors' performance in physical and cognitive tests
in military service as compared with population controls.

3. To investigate the risk of psychiatric morbidity following cancer treatment
within a nationwide 5-year survivor cohort of patients diagnosed with
cancer before the age of 35 years as compared with a sibling cohort.

4. To evaluate the frequencies and risk for antidepressant purchases of
childhood and AY A cancer patients and their siblings.
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4 SUBJECTS AND METHODS

4.1 Study subjects

4.1.1 Cancer patients and controls

In these population-based studies, various outcome measures of cancer patients
were evaluated. In studies I and II, the cohort examined consisted of childhood
cancer survivors for whom, data on five age-, sex- and place of residence matched
population controls were retrieved. In study III, 5-year survivors of childhood and
young adult (YA) cancers survivors and their sibling cohorts were assessed. In
study IV, cancer patients diagnosed below the age of 35 years between 1993 and
2004 and their siblings with the same range of birth years were evaluated (Figure
6).
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Figure 6. The description of study populations and data sources. FCR=the Finnish Cancer
Register, PRC=the Population Register Centre, DPR=the Drug Purchase Register, FDF=the
Finnish Defence Forces, HDR=the Hospital Discharge Register, SF=the Statistics Finland,
SII=the Social Insurance Institution Register (KELA).
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Study I:

Study I investigated educational and social outcomes; the inclusion criteria were
as follows: age under 16 years at cancer diagnosis, the year of birth from 1960 to
1992, and being alive in the year of 18" birthday. Inclusion criteria were fulfilled
by 3242 survivors of childhood cancer. The data collected by the end of 2010 were
gathered from the FCR. To compare educational and social outcomes with the
control population, five age-, sex- and place of residence matched controls were
retrieved from the PRC. Since it was intended to study the effect of parents’
socioeconomical status, the identification of data about the parents of both study
groups were gathered from the PRC.

Study II:

In study II, the aim was to study current acceptance rates of childhood cancer
survivors for military service and additionally their military fitness was compared
to healthy controls. To achieve that goal, all males diagnosed with cancer before
the age of 16 years, who were born between 1960 and 1992 and were alive on their
18" birthday, were identified using the Finnish Cancer Register (FCR) at the end
0f2010. The inclusion criteria were met by 1680 cancer patients. Similarly to study
I, data on five age-, sex- and place of residence matched controls were retrieved
from the PRC. A total of 8399 controls met the inclusion criteria.

Each Finnish male citizen receives a call-up to compulsory military service during
the year he turns 18 years of age. It is noteworthy, that previously only males could
participate in military service and it should also be mentioned that before the
1990s, most cancer survivors were exempted from military service. The physical
and cognitive test results during military service of both cohorts, were retrieved
from the FDF, although some of the cognitive test results are strictly confidential
due to the rules of Finnish Defence Forces and were not available. Register linkage
of these databases was conducted by the research unit of the FDF.

Study III:

The aim of study III was to study psychiatric morbidity of childhood and young
adult cancer survivors and to compare it with siblings. The study population cancer
patients diagnosed between 1.1.1975 and 31.12.2004, surviving at least 5 years
and not having a diagnosis of a second malignancy within the 5-year survival. They
were identified from the FCR. A total of 13,860 cancer patients fulfilled the
inclusion criteria. Healthy siblings (without cancer at a young age) of the patient
cohort, were identified (N=43,392) by linkage to the PRC. Data on psychiatric
diagnoses were retrieved from the HDR.
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Study IV:

In study IV, the aim was to study the cumulative incidence of first post cancer
diagnosis purchases of antidepressant medication in childhood and YA cancer
patients. A total of 7 093 cancer patients diagnosed before the age of 35 years,
during 1994-2004 were identified from the FCR and a total of 26 882 sibling
controls with the same range of birth years from the PRC. The data on medication
purchases of these groups since 1.1.1993 were retrieved from the Drug Purchase
Register (DPR) kept by the Social Insurance Institution of Finland (SII).

4.2 Registries used in studies I-IV

4.2.1 The registries from which the study cohorts were identified

The Population Register Centre (PRC) and regional register offices maintain the
Finnish Population Information System. This register contains a unique personal
identification code (PIC) for each Finnish citizen born in 1967 and thereafter. In
addition, individual data gathered by the system includes name, address,
citizenship and native language, family relations (also links to parents, and siblings
born after 1955) and date of birth and death (if data is applicable). The register has
been computerized since 1971 and this data can be used for various study projects
and it offers also the possibility to undertake linkages.

The Finnish Cancer Registry (FCR) is a population-based, nationwide register,
which contains information on all Finnish cancer cases since 1953. From 1961 it
has been compulsory for physicians, hospitals and pathologists to report every new
cancer case; this is an obligation defined in a national laws. The FCR contains data
on cancer patients including date and stage of cancer diagnosis, the primary site of
the tumor, its malignancy and cell type, primary treatment details of surgery,
chemotherapy and radiotherapy, and date and cause of possible death (Figure 7,
page 44). As information on cancer-related deaths (death certificates) are annually
reported by Statistics Finland, FCR data coverage is nearly complete (90-100%)
(Leinonen et al. 2017), (Teppo, Pukkala & Lehtonen 1994).
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Name and PIC of patient
Municipality of residence

Primary site and date of diagnosis
Stage, malignancy
Histology/cell type
Details of treatment

Date of death or emigration,

Cancer case information to FCR

cause of death

Figure 7. The data gathered into the Finnish Cancer Register (FCR).

4.2.2  The registries from which the study outcomes were collected

The data on all hospitalizations in Finland from 1969 have been included in the
Finnish Hospital Discharge Register (HDR) and data have been available in
electronic format since 1.1.1975. The HDR contains data gathered from both
private sector and public health care providers including the following
information: the date of admission and discharge, main diagnoses for treatment
(International Codes of Diseases, ICD codes), data on treatment procedures, and
data on treatment related further services. Additionally, from 1994, all out-patient
visits to specialized care units have been registered. In Finland, cancer treatments
are mainly performed in public health care, with the costs subsidized by the Finnish
national health care system. For research purposes cancer survivors can be linked
to the HDR by using the PIC. The ICD codes for psychiatric outcomes were
retrieved from the HDR and ICD -8 and -9 codes were manually converted to ICD
10 diagnostic codes (study III).

The Social Insurance Institution (SII) maintains the Drug Purchase Register (DPR)
and data on prescription drug purchases have been available since 1993. This
register contains information of all prescription refundable medications (not the
over-the-counter medications), and drugs utilized in various health care institutions
for treatment and research purposes. The drugs are classified according to the
Anatomical Therapeutic Chemical (ATC) codes maintained by the World Health
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Organization (WHO). The register files contain the patients' PIC, the price and the
package size of the drug, and the date of the purchasing of the drug. In study 1V,
the data on the first purchase of antidepressants after the cancer diagnosis (or for
the siblings) were collected as a measure of an adverse effects of the cancer.

The Finnish Defence Forces (FDF) has stored the information concerning
conscripts' military classification, physical, cognitive, and leadership skills, and
military training also in electronic form, but the exact time periods are not available
publicly, even to researchers. Only the data linkages are provided after specific
research permission. The database contains the following information: the data on
conscripts' enlistment, physical ability test results (maximal aerobic endurance
evaluated by a 12-minute running test (Cooper test)), and musculoskeletal capacity
(maximal muscular strength by measuring the result of a standing long jump),
evaluation of bodily dynamic endurance (measured by sit-ups), and static endurance
of body muscles (measurement of muscle strength of upper extremities and back)
and data on total fitness index. The data includes also information of conscripts'
basic ability as assessed in two tests. The data profile of test 1 is available, but basic
ability test 2 contains data on conscripts' leadership skills, which makes them
confidential, non-available information. Furthermore, the database provides
information on conscripts’ educational level and reasons for exemption.

Statistics Finland (SF) has been established in 1865 and it has been built merely
for statistical purposes. Its databases provide national data based on public records,
interview studies, and questionnaire-based surveys. Since the 1980s the SF has
collected annual statistical data at the end of comprehensive education containing
data on the numbers of pupils in each year-class, number of pupils having received
comprehensive school certificates, and the number of pupils having failed to
progress to the next class. In addition, the grades of the qualification diploma at
the end of comprehensive school are recorded (mother tongue, first foreign
language, mathematics and sports). The statistics on comprehensive and upper
secondary schools are based on total data collected via a web-based questionnaire.
Additionally, data on yearly income were retrieved from the SF.

The Social Insurance Institution Register (SII) of Finland (KELA) collects statistical
information of unemployment benefit recipients, payment durations and expenditures.
The gender, municipality and age of each unemployment benefit receiver are gathered
in collaboration with Statistics Finland. A person may join a voluntary unemployment
benefit society, and obtain earnings-related benefits, when unemployed, otherwise
KELA provides a basic unemployment allowance to all other unemployed persons.
To be eligible for this benefit, a person has an obligation to register to the Employment
and Economic Development Office. The pension benefit also is a part of the Finnish
social security system and KELA pays the national pensions, and additionally the
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individual may receive an earnings-related pension. KELA collects data on
unemployment and retirement in collaboration with the PRC, Statistics Finland and
the Tax Administration of Finland. The information includes age, gender, benefit
status and data on employment.

4.3 Methods

4.3.1 Gathering and integration of the registry-based data

Study I:

When studying educational attainments of cancer survivors in comparison to
controls, grades from graduation diploma of comprehensive school and detailed
information on subjects’ further education were gathered from Statistics Finland.
In addition, data from Statistics Finland were analyzed, when evaluating the social
effects of survivors, their employment, retirement, and yearly income status. A
description of the educational system in Finland is shown in Figure 8.
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Figure 8. The description of the educational system of Finland (modified from study I).
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Study 1I:

In study II, our aim was to study male survivors’ and their controls’ physical and
cognitive performance while they were undertaking Finnish military service.
Previously the majority of childhood and adolescent cancer survivors have been
exempted from military service. Nowadays, cancer survivors with no or only
minor physical late effects usually are categorized to fitness categories A or B.
Enlisted conscripts perform tests measuring their physical capacity during the first
weeks of their service (Figure 9). Maximal aerobic capacity is measured with
twelve minutes running test (Cooper test), musculoskeletal capacity is tested by a
standing long jump (maximal muscular strength), sit-ups (body's flexor muscles,
dynamic endurance evaluation) and push-ups (static endurance of body muscles,
dynamic muscle strength of upper extremities) and additionally with a back muscle
test. An individual's overall fitness index is calculated from these results evaluating
both aerobic and muscular fitness (Cooper 1968). In addition to physical
performance testing, the cognitive capacity of the conscript is examined, but some
of these test results are strictly confidential according to the rules of Finnish
Defence Forces.

Required data for these analyses were gathered from FCR, PRC and linked to the
conscripts’ results from FDF. In addition, we analyzed military enlistment
frequency, delay and reasons for exemption of the cancer survivors compared to
that of healthy controls. Call-up, enlistment and the testing protocol of Finnish
military service are shown in Figure 9.
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Figure 9. The military service call-up, enlistment and physical fitness test procedures in
Finland.

Study III:

The cancer survivors evaluated in study III were divided into groups, which
consisted of childhood and adolescent survivors (0-19 years old at cancer
diagnosis) and young adult (20-34 years at cancer diagnosis) survivors. This
division was made to simplify the analyzing process, as there are differences in
cancer type distribution and treatment protocols in these groups. In order to obtain
comparative data analysis on psychiatric outcomes; siblings and half siblings were
identified from PRC by using their personal PIC and five-year survivor data were
gathered from FCR. In order to be able to study hospitalizations attributable to
psychiatric disorders in survivors and siblings, registry data from HDR were
gathered after identifying and linking data from FCR and PRC. The subjects’ data
were linked to the HDR by using the PIC. The International Classification of
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Diseases (ICD) codes for mental health disorders were used in outcome analyses
and diagnoses were retrieved from the HDR. These data have been available
electronically since January 1%1975. In order to obtain analyzable data, the
previously used diagnosis codes ICD-8 during 1969- 1986 and ICD-9 during 1987-
1995, were manually converted into the ICD 10 format.

Study IV:

In study IV, the cumulative incidence of first purchases of antidepressant
medications (ATC-group NO6A) were analyzed from the data on SII and DPR
between January Ist 1994 and December 31% 2011 at the latest. Anatomical
Therapeutic Chemical (ATC) codes by the World Health Organization (WHO)
classify all of the drugs (Table 3).

Table 3. The Anatomical Therapeutic Chemical (ATC) codes for the antidepressants
evaluated in Study IV.

ATC-CODE MEDICINE GROUP

NO6A Antidepressants

NO6AA Non-selective monoamine reuptake inhibitors
NO6AB Selective serotonin reuptake inhibitors
NO6AG Monoamine oxidase A inhibitors

NO6AX Other antidepressants

4.4 Statistical analyses

Study I:

A conditional logistic regression analysis was used to analyze survivors'
educational attainments in comparison to their age-and sex-matched controls. The
GEE-method (generalized estimating equation) was used in the analysis of ordinal
response variables, and income level analysis. In the outcome analysis, also a
random effect for continuous variables was taken into account with mixed method
models. In addition, parental education level has been claimed to have a major
influence on the results of offspring and thus this variable has been controlled for
in all analyses.

When analyzing, if early age onset cancer exerted any effects on educational
attainments and income level of the survivors, the data were adjusted for parental
education, year of birth, gender and age. With statistical analysis by logistic
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regression model, we studied the association between background variables and
binary response variables. Furthermore, linear models were used to analyze the
effects of parental education and year of birth on the income level of study subjects.

Study II:

In study II, conditional logistic regression analysis was performed to analyze
physical and cognitive outcomes of enlisted cancer survivors and controls. Prior to
this analysis, dichotomous response variables were identified and included in the
analysis.

To analyze hazard ratios (HR) and 95% confidence intervals (CI) of the data,
register linkages by FDF, FCR and PRC were performed. We categorized the data
according to the time of diagnosis in an attempt to detect possible changes with the
passage of time, by dividing the leukemia/NHL group based on time points of
changing treatment protocols (before 1992, 1992-2001, after 2001) and before
1990, 1990-1999, after 1999 in other cancer groups.

The GEE-method with the cumulative logit link function for ordinal response
variables, and mixed models with the matching group as a random effect for
continuous variables were used. Among the survivors, the associations between
two nominal variables were studied by using the chi-square test, between ordinal
and nominal variables using the chi-square test for trend, and between nominal and
continuous variables using a one-way analysis of variance.

In study III, the five-year survivors' risk for a new psychiatric diagnosis was
compared to siblings' outcomes. The risk assessment of various outcomes was
made by Cox proportional hazard models, with calendar age as the time variable.
In addition, cancer, birth decade, gender, and interaction between gender and
cancer, were used as predictor variables, while hazard ratios (HR) and 95%
confidence intervals for each of the psychiatric outcomes were calculated by Cox
proportional models. To analyze, whether there would be differences in these
outcomes attributable to time, we used each treatment era (1975-1982, 1983-1992,
1993-2004), as a predictor in assessing these data. Furthermore, the diagnostic era
was used as a proxy for changes in treatment regimen and possible societal
changes. Since radiotherapy had been used in the treatment of BT-, leukemia and
NHL-, radiotherapy was used as a dichotomous variable (YES/NO), to analyze its
possible effects on psychiatric outcomes.

To take into account differences in the distribution of diagnoses, treatment
regimens and programs and because survivors might have dissimilar
vulnerabilities to adverse psychiatric outcomes, diagnostic age groups were
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divided into two (childhood (0-19 years at cancer diagnosis) and young adult
patients, YA (20-34 years at cancer diagnosis)).

The incidence of psychiatric late effects was studied by using International
Classification of Diseases (ICD) codes for psychiatric diagnoses. The main
psychiatric diagnoses collected from the HDR were categorized as follows:
organic memory and brain disorders (F0), alcohol/drug abuse (F1), schizophrenia
and other psychotic disorders (F2), mood disorders (F3), neurotic/anxiety
disorders (F4), somatization/eating disorders (F5) and personality disorders (F6).
The computerized sampling of diagnostic codes was retrieved from the hospital
discharge register (HDR).

In study 1V, the Cox regression models with calendar age as a time variable were
used in assessing the risk (HR) for first time antidepressant purchases in patients
diagnosed with cancer in childhood or in young adulthood compared with sibling
controls. Univariate models included group (cancer patients or controls) as a
predictor variable and multivariable models included group, gender and interaction
between group and gender as the predictor variable. Additional analyses with
diagnosis (leukemia, lymphoma, CNS malignancies, sarcomas, and other
malignancies) or diagnosis and gender as a predictor variable were performed.

The cumulative incidence plot was based on two subgroups: one comprising patients
diagnosed between 0 and 19 years of age and siblings starting from birth, and the other
comprising patients aged between 20 and 34 years at cancer diagnosis and siblings
starting from the age of 20 years. The models were adjusted for gender.

To analyze for a possible trend in time (before and after the year 2000) for AD
medication purchases, HRs for AD purchases were calculated separately for each

group.

In all studies, statistical data were analyzed using the software SAS for Windows
version 9.4, and P-values below 0.05 were considered statistically significant.

4.5 Ethics

Permits for registry linkages were obtained from the Finnish Ministry of Social
Affairs and Health (THL/62/5.05.00/2011 for studies I and II; STM/980/2006 for
study III; THL/1184/5.05.00/2011 for study IV),the CPR (Dnro 145/410/11,
18.8.2011) , the FDF (AI1702, 26.1.2012), Statistics Finland (THL / TK53-95-11),
and SII (Kela 28/522/2012).The study protocol was approved by the clinical research
center of the South-West Finland Hospital District (T19/2013, 28.1.2013). Registry-
based studies do not require a separate ethical board evaluation.
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5 RESULTS

5.1 Educational and social outcomes after young age onset cancer

5.1.1 Cognitive performance and educational attainments of the survivors

When the data on four main subjects (mother tongue, mathematics, first foreign
language, and sports) at the end of comprehensive school in childhood cancer
survivors and reference group were examined, we found that BT survivors had
lower grades than controls in all analyzed school subjects. A similar result was
found in leukemia-/NHL survivors, but ST survivors had lower grades only in
sports, when compared with controls. The proportion of those sitting the national
matriculation examination was lower in BT, and leukemia-/NHL survivors, while
ST survivors completed this educational step similarly to controls. Younger age (<
7 years) at diagnosis in the BT group and cranial irradiation, treatment received
within the last era of this study (patients treated after 1992), and adolescence (>12
years) in leukemia/NHL survivors, were associated with non-graduation from
further education (Table 4).
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Childhood cancer survivors’ further educational level was examined by comparing
their results to that of controls. The data on the results of the national matriculation
examination were also analyzed. We found BT survivors were less likely to
complete the matriculation examination than controls (27.3% vs 43.8%). When
subdivided by gender, age and therapy-related aspects of cognitive performance,
we found that in particular, younger males (<7 years) at the diagnosis with BT, and
those treated with cranial radiation therapy had the poorest results, especially in
the first foreign language and in the final results in their matriculation examination.
Overall, childhood cancer survivors had a higher risk for not completing any
further education after the comprehensive school, as the proportion of those with
no further schooling was higher in survivors than in controls in all diagnosis groups
(Table 5).

Table 5. Educational level of main cancer groups of childhood cancer survivors and
their controls at the end of comprehensive school. Modified from Study I, Table 4.

BT survivors/ p ST survivors/ p Leukemia/NHL P
controls controls survivors/
controls
N (%) N (%) N (%)
. 265/910 362/1550 254/1154
No graduation (33.5/23.0) <0.001 (25.0/21.4) 0.02 (29.2/23.1) <0.001
U d 391/2022 686/3662 506/2536
pperseconaary 49 4/51.1) (47.3/50.5) (50.6/50.7)
Low degree level 104/689 255/1327 149/869
(13.1/17.4) (17.6/18.3) (14.9/17.4)
High degree level 31/391 141/672 50/416
(3.9/8.1) (9.7/9.3) (5.0/8.3)
Doctorate or 1/20 6/38 4/30
equivalent level (0.1/0.5) (0.4/0.5) (0.4/0.6)

The Finnish educational system is explained in Figure 8, page 47.

The cognitive performance of male childhood cancer survivors was also assessed
during military service by analyzing the data on visuospatial, verbal, and
arithmetic skills (study II). The basic ability test (basic ability test P1) measures
the conscripts' general learning capacity. BT survivors seemed to have poorer
outcomes in all tested cognitive skills and it is notable that also non-irradiated
survivors had significantly poorer performance in all of the tested categories.
However, enlisted leukemia/NHL survivors seemed to have a cognitive
performance comparable to controls. The cognitive test outcomes are presented in
Table 6.
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Table 6. Cognitive tests in BT and leukemia/NHL survivors and their controls in
military service, outcome assessment also according irradiation status. Table modified
from Study II, Table 5.

Brain tumor survivors and their Leukemia/ NHL survivors and their

Cognitive tests controls controls

survivors  controls survivors  controls

N=45 N =592 p-value N=88 N=757  p-value

mean (SD) mean (SD) mean (SD) mean (SD)
General talent 3.82(1.59) 4.80(1.89) <0.01 4.76 (1.88) 4.80(1.85) 0.88
Mathematical 396 (1.61) 4.71(1.90) <0.01 4.95(2.09) 5.04(1.98) 0.72
Verbal 3.67(1.72) 4.62(1.94) <0.01 4.72(1.92) 4.62(1.83) 0.64
Visual 4.20(1.88) 5.05(2.03) <0.01 4.67(1.97) 4.72(1.95) 0.82

Irradiated brain tumors Irradiated leukemias

survivors  controls survivors  controls

N=7 N =192 p-value N=12 N=19%4 p-value
General talent 343 (1.27) 4.79(1.90) 0.06 4.17 (2.55) 4.97(1.89) 0.15
Mathematical 3.71 (1.60) 4.61(2.04) 0.25 4.00 (2.49) 4.72(1.84) 0.20
Verbal 3.86 (1.68) 4.68(1.88) 0.25 4.33(1.87) 4.86(1.93) 0.36
Visual 343(1.62) 5.07(1.97) 0.03 4.50 (3.00) 5.30(1.97) 0.13

5.1.2 Employment and retirement of the survivors

In the assessment of social outcomes after childhood cancer, we analyzed the data
on employment, and retirement status of childhood cancer survivors and controls.
The effect of cancer survivorship on economical outcomes, was evaluated by
searching the data on the study subjects’ income level. In the available data, no
elevations in the risk for unemployment was found either in BT- (p=0.27), ST-
(p=0.85) or leukemia/NHL survivors (p=0.26) in comparison to controls. It is
notable that BT survivors were found to have a nearly 15- fold risk for early
retirement in comparison to controls, the corresponding values were 2-fold for ST-
survivors and 4-fold for leukemia/NHL survivors. The retirement was associated
with cancer survivors' earlier treatment era (before 1990s) and younger age at the
diagnosis. In particular, leukemia/NHL survivors treated after the year 1992 were
found to have a lower risk for early retirement (OR 0.6, 95% CI 0.2 — 0.9) in
comparison with those treated earlier (table 7, page 57).

In the analysis of income level, we found that survivors had a lower income level,
consistently in all survivor groups compared with controls, with the exception for
male ST survivors. An assessment of both parental education and survivors’
income level was additionally performed; their parents’ higher education level was
associated with a higher income level in the survivors.
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5.2 Physical outcomes of males in military service after young age
onset cancer

5.2.1 Male survivors’ physical performance measured in compulsory
military service

The aim of study II was to study whether the exemption rate of childhood cancer
survivors had changed since 1990. Data-analysis revealed no change, i.e. among
survivors, the exemption rate was found to be consistently higher than in controls
(45.6% and 8.1%, respectively, p < 0.001). An analysis of reasons leading to
exemption was performed, see Table 8.

Table 8. Reasons for exemption of childhood cancer survivors and their controls from
the Finnish military service, modified from Study II, table 1. *=cancer diagnosed at call-up
age. The total number of evaluable survivors was 1300, and a total of controls was 7209, the
number of exempted men was 593 and 562, respectively.

REASONS FOR EXEMPTION/DELAY
SURVIVORS CONTROLS
Cancer 53.8% Psychiatric disorder 47.6%
Psychiatric disorder 6.9% Unknown/not reported 10.4%
Neurologic disease 6.6% Endocrinologic disease 7.0%
Unknown/not reported 6.1% Neurologic disease 5.9%
Endocrinologic disease 5.5% Respiratory disease 5.4%
Musculoskeletal/con- Injury/Intoxication/
nective tissue disease 3.1% hematological disease 4.7%
Injury/Intoxication/ Musculoskeletal/connect. 4.5%
hematological disease 2.5% Congenital malform./
Congenital malform./ chromosomal abnorm. 4.5%
chromosomal abnormality 2.3% Gastrointestinal disease 3.1%
Ocular disease 1.7% Dermal disease 2.5%
Circulatory disease 1.1% Ear disease 1.4%
Gastrointestinal disease 0.8% Ocular disease 1.3%
Ear disease 0.6% Urogenital disease 1.3%
Respiratory disease 0.6% Circulatory disease 1.3%
Dermal disease 0.5% Infectious disease 0.2%
Infectious disease 0.3% Cancer” 0.2%

The physical fitness outcomes of male childhood cancer survivors in military service
were assessed by analyzing the results obtained in the Cooper running test and muscular
fitness. The performance of both leukemia/NHL and BT survivors was poorer than
controls (Table 9). A total fitness index was also calculated. BT survivors were found
to have poorer results than controls. By analyzing the data on the separate muscle
strength tests (pull-ups, push-ups, sit-ups, and back muscle test), we found that the
results did not differ significantly from those of controls in any of the three survivor
groups. However, leukemia/NHL (p<0.001), solid tumor (p=0.005), and BT (p=0.001)
survivors had significantly worse results in the standing long jump than their controls.
Suprisingly, we found that irradiation did not seem be the cause for the poorer results.
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5.3 Psychiatric outcomes after young age onset cancer

5.3.1 Analysis of psychiatric morbidity by linkage to the Hospital discharge
register (HDR)

The observations on the psychiatric outcomes were made by dividing study cohorts
by age (age groups 0-19 years and 20-34 years), gender and treatment era.
Elevated HRs for organic memory and brain disorders were found both after
childhood (HR 4.9; 95%CI 2.7-8.9) and YA cancers (HR 2.1; 95%CI 1.4-3.1).
Young age onset cancer survivors were commonly affected by mood disorders,
both in childhood (HR 1.3; 95% CI 1.1-1.7) and young adulthood (1.3; 95%CI 1.1-
1.5) compared with siblings (Table 10). Furthermore, in the subgroup analysis, the
risk for mood disorders was elevated in survivors of childhood ALL (HR 2.4; 95%
CI1.4-4.1), HL (HR 2.3; 95% CI 1.4-4.7), and BT survivors (HR 4.1; 95% CI 2.9-
5.9) as well as in YA age group among NHL (HR 1.8; 95% CI 1.1-3.0), HL (HR
1.8; 95% CI 1.1-3.0), and CNS malignancies (HR 1.8; 95% CI 1.2-2.6). The more
detailed outcome measures are presented in Table 10.

Female survivors were observed to have significantly higher HRs for several
psychiatric outcomes in both age groups. In particular, female survivors were
detected to have a pronounced risk for neurotic/anxiety disorders (childhood,
p<0.001 and YA, p<0.03), and this finding was consistent, when compared with
male survivors and siblings. Childhood cancer survivors were found to display a
susceptibility towards psychotic and somatic/eating disorders. In the analysis of
cancer survivors' risk for alcohol/drug abuse, we found that these individuals did
not exhibit any significantly elevated risk, but it was notable that YA female
survivors showed a trend towards an elevated risk and in the subgroup analysis,
the survivors of YA testicular malignancies had higher HRs for this outcome as
compared with their siblings (Table 11).
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5.3.2  Analysis of depression medication use by linkage to the Drug Purchase
Register (DPR)

The frequencies of antidepressant (AD) medication purchases were analyzed by
the age at cancer diagnosis (0-19 years at diagnosis and 20-34 years at diagnosis)
and cumulative incidences are seen in Figure 10.
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Figure 10. The probability of AD medication purchases of childhood and YA cancer
patients and age matched siblings.

Younger [HR 21.0, 95% CI (17.6-25.2)] and older patients [HR 4.9, 95% CI (4.5-
5.3)] had an increased risk for being prescribed AD medications compared to their
siblings. The data-analysis by gender showed that females had a higher risk for
AD medication purchases than male cancer patients or female controls and this
finding was consistent in both age groups. In the subgroup analyses, younger
sarcoma patients seemed to have the highest risk for AD purchases [HR 33.7, 95
%CI (24.5-46.2)], whereas in the older age group, leukemia patients had the
highest risk for AD purchases [HR 9.8, 95% CI (7.6-12.6)] (table 12).

Additionally, an analysis of AD purchases in the era up to the year 1990 and from
the year 2000 was performed. In the earlier era, 2.1% of younger cancer patients
and 8.6% of older patients had AD purchases, while the corresponding values were
11.4% in the younger and 19.0% in the older patients in the era from 2000 onwards.
The HRs (95%CI) for the first time AD purchases compared with siblings, in the
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respective eras, were 11.9 (7.7-18.5) and 22.6 (18.6-27.5) in the younger age
group, while HRs for older age group were 1.5(1.3-1.8) and 9.3(8.4-10.4).

Table 12. The HRs for AD medication purchases by the age at diagnosis and cancer
type. Modified from Study IV, table 2.

Age at CNS Other
diagnosis Leukemias Lymphomas  malignancies  Sarcomas malignancies
HR HR HR HR HR
(95 % CI) (95 % CI) (95 % CI) (95 % CI) (95 % CI)
0-19 years 15.6 22.4 25.7 33.7 17.6
(11.7-20.8) (16.9-29.8) (20.0-33.4) (24.5-46.2) (13.4-23.1)
Females 14.9 243 253 36.9 17.5
(10.3-21.6) (17.0-34.8) (18.1-35.3) (24.6-55.4) (12.6-24.2)
Males 17.2 22.2 28.0 334 17.5
(11.4-25.7) (14.9-33.0) (19.6-40.0) (21.4-52.1) (11.6-26.5)
HR HR HR HR HR
(95 % CI) (95 % CI) (95 % CI) (95 % CI) (95 % CI)
20-34 years 9.8 4.3 7.6 5.8 4.4
(7.6-12.6) (3.6-5.0) (6.5-9.1) (4.8-7.1) (4.0-4.8)
Females 8.5 4.2 7.4 5.6 4.4
(5.8-12.3) (3.4-5.3) (6.0-9.3) (4.2-7.3) (4.0-5.0)
Males 11.9 4.6 7.9 6.4 3.6
(8.4-16.7) (3.6-5.8) (6.1-10.3) (4.9-8.6) (3.0-4.2)
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6 DISCUSSION

6.1 Socio-educational outcomes after young age onset cancer

Late-effect studies have assumed a greater importance in conjunction with the
improving 5-year survival of childhood cancer patients. Educational and social
outcomes of childhood cancer survivors may affect their employment-, and
economical status (Kirchhoff et al. 2011), (Armstrong et al. 2015), (Ehrhardt et al.
2017) and even their marital prospects (Koch et al. 2011), (Font-Gonzalez et al.
2016). Thus, there should be psychosocial supportive measures in-corporated into
the follow-up care of childhood and, most probably also AY A cancer survivors.

Neurocognitive deficits may appear several decades after the cancer diagnosis, and
the aging process of human brain may accelerate this neurocognitive decline. This
project (study I) supports previous findings that BT survivors have the poorest
educational outcomes (Reddick et al. 2014), (Lancashire et al. 2010),
(Lahteenmaki et al. 2007). The essential treatment procedures, such as cranial
irradiation (Packer et al. 1989) and multiagent chemotherapy cannot be avoided.
However, modern-day conformal cranial radiation and proton therapy might
alleviate these problems by preserving the cognitive performance of those
childhood BT survivors that do not need whole brain irradiation (Netson et al.
2013). Modern rehabilitation methods might also be a method of improving the
final performance of survivors (Raj et al. 2017).

Previously, it has been shown that female survivors have a higher susceptibility
than males of experiencing cognitive and psychosocial late effects (Boman et al.
2009), (Holmgqvist et al. 2010). However, Finnish females seem to perform better
in the comprehensive school than males, since the education system in Finland
seems to favor conscientious girls (Lahteenmaki et al. 2007), and according to
current results, female cancer survivors also sit the matriculation examinations of
upper secondary school significantly more often than their male cancer patient
counterparts. We found that males diagnosed with BT at preschool age achieved
poorer results, especially in the first foreign language. In the comprehensive
schools, male patients had consistently poorer results in foreign language skills
when compared with females, although the gender difference was not so
pronounced in other topics. Usually, international reports have suggested that
cancer survivors display problems especially with learning mathematics, but this
is not evident in Finland (Kaemingk et al. 2004), (Espy et al. 2001).
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Treatment related factors and their effect on cognitive and educational outcomes
of childhood cancer survivors have been changing during recent decades, partially
because cranial irradiation is less often administered as a component of leukemia
treatment protocols (Conklin et al. 2012). This is important as there are reports that
irradiation affects BT survivors’ neurocognitive functioning e.g via diminished
white matter volumes and a decline in memory functions, which may continue with
time (Reddick et al. 2014), (Armstrong et al. 2013), (Prasad et al. 2015). Potential
treatment related brain changes in HL survivors such as leukoencephalopathy have
been associated with impaired cognitive functions (Krull et al. 2012). However,
for the most part, ST survivors’ cognitive attainments do not seem to differ from
healthy controls (Lahteenmaki et al. 2008), (Ottaviani et al. 2013), and this was
the case in studies I and II. In previous reports, in addition to being due to cranial
irradiation impaired memory functioning has been associated with systemic
administration of corticosteroids and methotrexate (Boman et al. 2009),
(Lancashire et al. 2010), especially in high risk ALL patients (Waber et al. 2012).
The results emerging from studies I and II support the previous findings that
chemotherapy-only protocols may also be capable of inducing neurocognitive
deficits in childhood cancer survivors (Bisen-Hersh, Hineline & Walker 2013),
(Shortman et al. 2014), (Kunin-Batson, Kadan-Lottick & Neglia 2014). In the
current studies, it was found that irradiation affected survivors’ cognitive
performance to a lesser extent than has been estimated in previous studies (Harila-
Saari et al. 2007), (Lahteenmaki et al. 2008), (Armstrong, Stovall & Robison
2010), (Edelstein et al. 2011). However, the results regarding the effects of
irradiation should be viewed with caution because of the low numbers of irradiated
patients, especially in study II. Since it was not possible to obtain information on
those survivors exempted from the national service in study I, a full picture on the
cancer survivors’ cognitive and physical performance cannot be attained with this
approach. The cognitive results of enlisted survivors lack data on their leadership
skills as this is confidential information held by the Finnish Defence Forces.

The results of study I are in keeping with a previous report that concluded that
childhood cancer survivors tended to complete only compulsory education
(Kuehni et al. 2012). Earlier findings indicate that BT- (Lorenzi et al. 2009),
(Boman, Lindblad & Hjern 2010), (Lancashire et al. 2010) and leukemia (Mitby
et al. 2003), (Lancashire et al. 2010) survivors were at the highest risk for achieving
only a lower educational level, whereas ST survivors have been reported to have
equally good educational results as the general population (Koch et al. 2004),
(Lahteenmaki et al. 2008). However, it was found in study I that non-graduation
from school was common also for leukemia/NHL and ST survivors.
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Previous findings on childhood cancer survivors’ employment and retirement
status gathered from the US and European studies have indicated that these
individuals have an increased risk for unemployment compared with either the
general population or their siblings (Crom et al. 2007), (Pang et al. 2008),
(Holmgvist et al. 2010), (Dieluweit et al. 2011), (Brinkman et al. 2016). In contrast
to these previous findings, study I noted that the risk of unemployment was rather
low in childhood cancer survivors. This finding may, however, be explained by
the higher proportion of premature retirement in Finnish survivors, although
retirement has not been estimated in previous studies. Since current treatment
procedures contain more brain sparing irradiation approaches, it would be
predicted that premature retirement will decline in the future. Poorer physical
health, age under seven at diagnosis, and female gender have been recognized as
risk factors for unemployment (de Boer, Verbeek & van Dijk 2006), (Kirchhoff et
al. 2011). In study I, a gender effect was shown only in BT survivors and even
there, males were more likely to be unemployed than females. Retirement was
significantly more common in females, but only in survivors of leukemia/NHL.
The differences in results between Finland and especially reports from the US are
most probably due to the generous Finnish social security system.

It has been reported that adult survivors of childhood cancer appear to manage
better in life- if they have a higher educational level- and usually consequently
better economic status (Dalton et al. 2008), (Simony et al. 2016). However, in both
Swedish and the US studies, childhood cancer survivors have been shown to have
a lower income level than the general population (Boman, Lindblad & Hjern
2010), (Hudson et al. 2003). The results obtained in study I are in line with these
findings. In order to earn a better income in adulthood, child and young adult
cancer survivors should be given optimal educational support as an important
component of their psychosocial care.

Changes seem to have occurred in the general atmosphere in Finland, since some
of the childhood cancer survivors have been able to enlist for military service as
conscripts and coped well with their training; it seems that current acceptance
guidelines are quite appropriate.

6.2 Late psychiatric outcomes after young age onset cancer

Cancer in childhood or in young adulthood most probably evokes psychological
distress, which may furthermore lead to subsequent adverse late effects such as an
increased cardiovascular risk. A lower functional capacity and a poorer quality of
life (Wittchen et al. 2011). A lack of supportive follow-up strategies especially in
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adolescence regarding school re-entry and the transition to adult care, might
worsen the psychological outcomes (Brier, Schwartz & Kazak 2015). Long-term
psychological follow-up is warranted since the level of distress may increase long
after cancer treatment and symptoms may be persistent (Kunin-Batson et al. 2016),
(Maass et al. 2015). In studies III and IV, the hazard ratios for later psychiatric
disorders were analyzed by assessing findings also in distinct treatment eras,
thereby taking changes in society and cancer treatments into account. Importantly,
Y A cancer survivors’ psychiatric outcomes were also analyzed. Previous data have
been very limited for this age group.

Depression has appeared to be the most common psychiatric disorder in the
European, US, and the Finnish general population (Wittchen et al. 2011), (Kessler
et al. 2005), (Pirkola et al. 2005). Previous findings indicate that especially females
in the general population are susceptible to depression and anxiety symptoms in a
general population (Kasteenpohja et al. 2015) and there are studies revealing
similar outcomes also in cancer survivors (Reimers, Mortensen & Schmiegelow
2007), (Ander et al. 2015), (Deyell et al. 2013), (Inhestern et al. 2017). In
questionnaire-based studies conducted in ALL patients, it seems that these
individuals do not have a higher level of depression than controls (Gordijn et al.
2013), (Kurtz, Abrams 2011), (Harila et al. 2011). This is somewhat surprising
finding, since especially during treatment, corticosteroids are a part of the
chemotherapeutic protocol and these agents have been recognized as causing mood
disorders (Hochhauser et al. 2005). Furthermore, some other previous studies have
reported no higher risk for depression in childhood cancer survivors (Ross et al.
2003), (Schultz et al. 2007). Study III found that in childhood cancer survivors, the
risk for mood disorders was elevated in ALL, HL, CNS, soft tissue sarcomas, renal,
sympathetic nerve, and testicular tumor survivors. Previous studies, for example
the CCCS, have reported that survivors of childhood leukemia (Zebrack et al.
2002), (Myers et al. 2014), HL, NHL (Zebrack et al. 2002), solid tumors (Zebrack
et al. 2007) and BTs (Zebrack et al. 2004) are more susceptible to suffering
depression and somatic distress (Zebrack et al. 2002) than controls. However, one
questionnaire-report based study showed lower psychological distress in survivors
of AYA lymphoma and sarcoma (Prasad et al. 2015). There are a few contradictory
reports claiming that childhood cancer survivors are not especially susceptible for
depression (Pirl et al. 2009), (Harila et al. 2011). In YA cancer survivors, previous
surveys have claimed that hormone-related cancer survivors carry an elevated risk
for depression (Gorman et al. 2010), (Schultz et al. 2011), (Tai et al. 2012), while
study III indicated Y A survivors of CNS tumors, soft tissue sarcomas, lymphomas
and sympathetic nervous system malignancies to possess the highest risk for
experiencing mood disorders.
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According to previous studies, organic memory function may be impaired due to
cranial radiation therapy (Reimers, Mortensen & Schmiegelow 2007), (Correa et
al. 2012). Importantly, the risk for organic memory and brain disorders does not
yet seem to have disappeared despite the modifications made to irradiation
practices in the cancer treatment protocols.

Earlier studies on anxiety and neurotic disorders after childhood and YA cancer
have shown females to have a significantly higher risk for this outcome (Michel et
al. 2010), (Zeltzer et al. 2009), (Greer et al. 2011), (Khan et al. 2010a) and it has
been suggested that over 30% of adolescent cancer survivors may suffer from this
disorder (Ander et al. 2015). The results obtained in study Il were consistent with
this proposal, especially in survivors of childhood and YA CNS tumors, as well as
YA ALL and HL. It was notable that the risk for neurotic and anxiety disorders in
female survivors has not declined over the different study periods, indicating a
continued need for psychological support system for cancer survivors also later in
life.

The increased appearance of psychotic disorders after childhood cancer was
reported in one Danish study (Lund et al. 2013), while in study III, childhood BT
survivors had an elevated risk compared to siblings, but this difference was not
evident in the survivors of YA BTs. Pediatric sarcoma survivors are reported to
have higher risk for post-traumatic symptoms appearing even many years post-
diagnosis (Wiener et al. 2006), (Rourke et al. 2007). This may be in the background
of the increased risk of somatization found in Finnish soft tissue sarcoma survivors
(Study III).

Childhood cancer survivors have not been found to display elevated levels of
substance use as compared to controls (Rabin, Politi 2010), although contradictory
findings have been reported in a Swiss register-based study (Rebholz et al. 2012).
The results from study III are consistent with the proposals that there is no excess
use. However, a higher risk for alcohol/drug abuse was detected in YA testicular
cancer survivors. An alarming finding in females after YA malignancies was that
they seemed to have a growing risk for alcohol/drug abuse; this might be
attributable to the lack of supportive measures after termination of the actual
cancer treatment.

As the frequency of depression in cancer patients may be underestimated when
analyzing only hospital data, in Study IV, purchases of antidepressant medication
were also analyzed. Previous studies on AD medication purchases have shown that
childhood cancer survivors (Deyell et al. 2013), (Lund et al. 2015) and young adult
cancer survivors (Deyell et al. 2013) have an excessive risk for AD purchases as
compared to controls. The results emerging from study IV are in keeping with this
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hypothesis, as the HRs for AD purchases were higher in both age groups. In a
Norwegian study, the age at cancer diagnosis did not seem to have any effects on
the AD purchases (Johannsdottir et al. 2017). Furthermore, there are three studies
reporting the association of AD medication purchases with female gender
(Johannsdottir et al. 2017), (Lund et al. 2015), (Brinkman et al. 2016) and the
results in study IV are consistent with their findings.

The associations of AD purchases to specific cancer diagnoses have been rarely
reported, but there are some indications that childhood and AY A patients of CNS
tumor, leukemia (Johannsdottir et al. 2017), testicular malignancies (Johannsdottir
et al. 2017), (Khan et al. 2010b) and a group of other malignancies (Johannsdottir
et al. 2017) carry an elevated risk for AD purchases. In the subgroup analysis
performed in study IV, sarcoma patients in the younger age group and leukemia
patients in the YA group were found to have higher HRs for AD purchases.
Interestingly, pediatric sarcoma patients have been reported to experience a higher
risk for post-traumatic symptoms even many years post-diagnosis (Wiener et al.
2006), (Rourke et al. 2007); in the current study, increased use of AD medication
might considered as a reflection of traumatization. YA leukemia patients are often
treated with stem cell transplantation, which to some extent might explain the
increased use of AD medication. Y A cancer patients have been suggested to suffer
pre-transplant depression, which reduces the overall survival of these patients due
to the higher incidence of post-transplant complications (El-Jawahri et al. 2017).
If there is cancer treatment with transplantation, it is plausible that the cancer
survivors may suffer not only from toxicities associated with treatment, but also
post-transplant late morbidity and mortality, which may reduce their quality of life
and induce PTSD and depression (Majhail et al. 2012). With respect to AD
medication purchases, there has been an increasing trend during last two decades
in both study groups, but there are earlier findings that have revealed similar global
trends towards increased numbers of AD prescriptions (Moore et al. 2009). Most
importantly, when compared with their siblings, the hazard for first time AD
purchases was higher in both age groups even during the recent era. This finding
emphasizes why psychological support should be offered to young cancer patients.

6.3 Strengths and limitations of the study

This study has many theoretical and practical strengths. The high-quality national
health care and statistical registries confer strengths to this study. National laws
ensure the maintenance of these registries, which increases the validity of the
register-based data (Leinonen et al. 2017). The Finnish Cancer Registry has been
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an essential part of this study, since data on childhood and YA cancer survivors
were retrieved from the FCR in studies I-IV. Register-based studies are recognized
as having less data bias than large questionnaire-based studies like CCSS (Lund et
al. 2011b) and furthermore, registry-based studies are nationwide and population-
based with a high number of study subjects.

The fact that cancer survivor data was gathered from several treatment eras can be
considered as a strength, as long-term follow-up allows one to make novel
observations, for example new findings on late effects. It is beneficial to gather
long-term follow-up of childhood cancer survivors, and registry data might make
it possible to detect potential late effects, since they may appear even decades after
the initial diagnosis. By collating data from different registries, in some study
subjects, the follow-up time has extended over thirty years. The follow-up by
treatment era makes it feasible to detect possible changes introduced into the
cancer treatment protocols (Lund et al. 2015), (Ross et al. 2003).

Educational outcome measures were retrieved from the public registries, and as
there is a public educational system in Finland, relatively long-term registry-based
information was available both for the survivors and their controls. However, in
study I, it must be noted that the numbers of subjects in the different solid tumor
diagnosis groups were rather small, which might have meant that some findings
did not reach statistical significance.

High exemption rates from compulsory military service have been a rule for
childhood cancer survivors in previous years (Lahteenmaki et al. 1999). Since
guideline updates have been made, study II gathered important new data on
enlisted survivors. These results might have a positive effect on quality of life of
survivors. However, it might be difficult to prove this convincingly, because of a
lack of quality of life aspect in a register-based setting (Lund et al. 2011Db).

Study III produced novel data on psychiatric outcomes of YA cancer survivors.
The mixed effects of the results were taken into account e.g. by adjusting the
treatment related details and age to maximize the validity of the findings.
Furthermore, we assessed psychiatric outcomes by exploiting hospital discharge
register-based data, not by patient reported data, which could increase the
statistical power of study III’s findings. Patients who had previous history of
psychiatric diagnoses were excluded in order to determine the effect of cancer on
the outcomes more clearly. As psychosocial sequelae are multifactorial and multi—
dimensional outcomes, interpretation of results might be complicated because of
our inability to adjust for sociodemographic factors. However, the use of a sibling
cohort as the control group reduces the effect of genetic predisposition on late
adverse mental health late effects. Register-based surveys have produced valuable
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data on the etiology of the mental health disparities (Munk-Jorgensen, Ostergaard
2011). The HDR data is gathered by the National Institute of Welfare and Social
Services and data gathering and analyses are regulated by the Official Statistics
Finland, therefore the HDR data is generally considered to be reliable.

A minor weakness of data of the FCR could be the lack of detailed treatment data
(chemotherapy doses, irradiation doses, radiation fields), which restricted the data
analyses that could be conducted in studies I-1V, as acknowledged also in previous
publications (Lund et al. 2011b).

In study IV, information was available also on the AD prescriptions originated
from outside hospitals. Thus, the magnitude of depressive symptoms has been
reliably gathered. However, antidepressants may be prescribed also for the
treatment of chronic pain, and this possibility could not be differentiated from the
purchase registry data. Furthermore, it was not possible to take parental
socioeconomic position and psychiatric disease into account. However, there has
been an interaction analysis published on data describing the effect of parental
socioeconomic position and psychiatric disease on the association between
childhood cancer and antidepressant use showing no modifying effect (Lund et al.
2015).

6.4  Follow-up care and future research suggestions

It has been acknowledged that childhood cancer survivors can benefit from follow-
up after cancer treatment, and it would be important to find suitable protocols for
screening for adverse effects to pinpoint those cancer survivors particularly at risk
(Bitsko et al. 2016). Recent outcome findings have shown that the rehabilitation
of childhood cancer survivors who have experienced milder adverse effects might
be feasible and their functional capacity could be restored (Bisen-Hersh, Hineline
& Walker 2013), (Shortman et al. 2014). It would be beneficial to influence the
cancer survivors’ lifestyle e.g. to encourage them to make healthy lifestyle choices;
this might be one way to prevent some of the adverse effects of cancer. However,
only some of the tested interventions seem to be effective, but more research will
be needed to resolve this issue in the future (Kopp et al.2017).

Guidelines for the follow-up care of childhood cancer survivors have been
implemented in many countries (Di Pinto et al. 2012), (Nathan et al. 2007),
although Essig et al. showed that follow-up percentages in Europe vary extensively
i.e. from 9% to 83%. Furthermore, an optimal follow-up program seemed to be
lacking in most European countries (Essig et al. 2012). Currently, existing clinical
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practice guidelines, such as SJLIFE and COG long-term follow-up guidelines
(LTFU), have been devised to provide information about late effects and
treatment-induced health risks (Bhakta et al. 2017), (Bitsko et al. 2016), which
could be beneficial in stratifying cancer survivors (Jacobs, Shulman 2017). In an
attempt to mitigate the adverse effects of childhood cancer, extensive efforts will
be needed to resolve this issue (Bitsko et al. 2016), (Fidler, Hawkins 2017). The
availability of LTFU has varied from country to country. The assessment of the
cumulative aspect in late morbidities after childhood cancers’ might be helpful in
planning the follow-up care of survivors with multiple late effects (Bhakta et al.
2017).

Encouraging childhood cancer survivors to make healthy choices later in life is
one valuable aspects of follow-up care. Current health promoting interventions
have been provided to childhood and AYA cancer survivors with somewhat
inconclusive results (Kunin-Batson et al. 2016), (Hollen et al. 2013). However,
interventions promoting physical function have hinted at some positive effects in
cancer survivors, by assisting these individuals to achieve elevated physical
functioning and in that way, to improve their quality of life. However, it seems that
the feasibility and repeatability of these interventions have been only inadequately
analyzed and thereby a more wide scale implementation of these programs would
be beneficial (Baumann, Bloch & Beulertz 2013).

It has been claimed that the adoption of computerized interventions in the care of
cancer survivors had produced promising results (Hardy et al. 2013), (Moore et al.
2012). By activating the brain with cognitive programs after a CNS tumor or ALL,
survivors have achieved better results in comparison to those prescribed stimulant
medications, which had been previously considered as a way to remediate
cognitive functioning (Zou et al. 2012), (Hardy, Willard & Bonner 2011), (Patel et
al. 2009) or to prevent a cognitive decline (Moore et al. 2012). Positive findings
have been made of web-based interventions e.g. in mitigating anxiety symptoms
after cancer (Fisher et al. 2015), (Hoybye et al. 2010). The importance of these
novel interventions may increase with the number of survivors needing this
support, since there are indications that as many as every fifth CNS tumor survivor
suffers from anxiety (Wenninger et al. 2013). However, there are challenges to
appear be overcome, especially in convincing adolescents to engage in these
interventions (Hoybye et al. 2016), and this has reduced the impact of this kind of
support. In Finland, the development of “Virtuaalisairaala” with its branches
devoted to mental health care (www.mielenterveystalo.fi) may well represent a
solution for providing self-help resources to survivors. Recently, in Finland, a
three-stepped risk assessment model for the survivors treated for cancer below the
age of 25 years was introduced by an expert group of the Ministry of Social Affairs
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and Health (http://www.vsshp.fi/fi/toimipaikat/tyks/to8/to8c/step/Sivut/
default.aspx).

As the follow-up of childhood cancer survivors ends when the individual reaches
adulthood, many survivors will cease to receive any regular follow-up (Freyer
2010). Guidelines are needed for this transitional phase, and efforts in the
PANCARE- program in Europe have been taken to devise such guidelines (Brown
et al. 2015) Although challenges have been encountered in adult cancer survivors’
LTFU care, mainly because of disparities in detecting adverse effect and reporting
those effects, up till now, adult follow-up care has been mainly risk-based (COG
LTFU guidelines in the USA (www.survivorguidelines.org, version 4.0), rather than
being tailored to the survivor’s individual needs (Eshelman-Kent et al. 2011).

One of the noteworthy aspects in future follow-up care of childhood cancer
survivors might be the exploitation of mobile phone based health care applications,
as rapid developments are taking place in these modern techniques (Slater, Fielden
& Bradford 2017). Similarly, as in YA survivor care, several mental health self-
management solutions (Raj et al. 2017), (Bradford, Chan 2017), and interventions
supporting physical functioning via either social media (Mendoza et al. 2017) or a
web-based setting are being evaluated (Willems et al. 2017), (Schmidt et al. 2017).

One can suggest several future research topics; for example, findings emerging
from this study on childhood cancer survivors showed that they have an increased
risk for lower educational level and for early retirement, and thus, efficient
rehabilitation and supportive measures should be provided to childhood cancer
survivors. Although some kind of structured follow-up care model might be
beneficial, it should be appreciated that childhood cancers survivors are not a
single group but have individual differences, with the survivors encountering
rather different levels of adverse effects and therefore they have variable
requirements for support (Bhakta et al. 2017). According to the findings in study
III, AY A cancer survivors also need longitudinal support. Research on appropriate
supportive methods, follow-up and optimal resource co-ordination are also
urgently needed.
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7

CONCLUSIONS

Childhood BT-, leukemia/NHL and ST survivors had an elevated risk for
early retirement and lower economic status compared with population
controls, but their risk for unemployment was not elevated. However, early
retirement seems to have occurred to a lesser extent in recent years, and this
improvement might be attributable to changes in treatment procedures, a
reassuring finding. Furthermore, all three survivor groups had a
significantly higher risk for not progressing to further education after
comprehensive schooling compared to controls. Irradiation was associated
with worsened educational and social outcome measures in childhood BT
Survivors.

The guidelines defining who is fit for military service have changed during
the last two decades, and a higher proportion of male childhood cancer
survivors are nowadays able to perform national service in the military than
in previous decades. The physical performance of leukemia/NHL and BT
survivors was poorer in 12-minute running test than in controls, whereas
survivors’ performances in muscular tests were comparable to those of
controls, except for standing long jump test. The cognitive performance of
survivors was found to be similar to controls, with the exception of BT
Survivors.

Both childhood and YA cancer survivors had an increased risk for
psychiatric late-effects compared to their siblings. Furthermore, females and
BT survivors were found to have the highest risk for psychiatric sequelae,
especially for depression, anxiety and psychotic disorders. Irradiation
therapy was not associated with psychiatric outcomes in the survivors.

In the study of the usage of anti-depressants by childhood and AY A cancer
patients, the cumulative incidence of AD medication purchases was
significantly higher in both patient groups than in their siblings. It was found
that females carried a greater risk for this outcome. In childhood cancer
survivors, sarcoma patients had the highest risk for purchasing AD
medications, while in the YA group, leukemia survivors had the highest risk.
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